


 





 





 



PROJECT SUMMARY SHEET 
 
 
Project Name: Kahului Commercial Harbor 2030 Master Plan and Draft 

Environmental Impact Statement 
 
Location:   Kahului Commercial Harbor 
 
Judicial District:  Wailuku 
 
Tax Map Keys: 3-7-1: parcels 21 and 22; 3-7-8: parcels 1, 2, 3, 4, 6, 28, and 

29; and 3-7-10: parcels 1, 2, 3, 6, 13, 15, 17, 18, 22, 25, 26, 
27, 32, 33, 34, 36, 37, and 38. 

 
Applicant: Harbors Division, State of Hawai‘i Department of 

Transportation 
 
 Contact: Harbors Division 
   Department of Transportation 
   79 S. Nimitz Highway 
   Honolulu, HI 96813 
 
Note: for NEPA submittal, Maritime Administration is lead Federal agency:  
  
 Contact: Maritime Administration 
   U.S. Department of Transportation  

  West Building 
  Southeast Federal Center 
  1200 New Jersey Avenue, SE 
  Washington, DC 20590 

 
Consultant: Belt Collins Hawaii Ltd. 
 2153 N. King St., Suite 200 
 Honolulu, Hawai‘i 96819 

Contact:  Mr. John Kirkpatrick 
 

Approving Agency: Office of the Governor, State of Hawai‘i 
 
Land Area: Approximately 448 acres (of which 374 acres are 

submerged lands within the harbor.) 
 
Recorded Fee Owner: State of Hawai‘i  
 
Existing Use: Public/Commercial Harbor 
 
State Land Use District: Urban and Conservation  



 
County of Maui Zoning: Most of the land area affected is zoned M-1 or M-2 (light 

or heavy industrial use). The West Breakwater area 
includes Interim, Residential, and Conservation zoning, 
while the submerged land within the harbor is zoned 
Conservation. The Wailuku-Kahului Community Plan 
identifies the West Breakwater as a park area.  

 
Consulted Parties: Harbors Division has consulted with agencies and 

stakeholders through the Maui Harbor Users Group 
meetings and separate interviews. Consulted parties 
include: 

• U.S. Army Corps of Engineers;  
• National Oceanic and Atmospheric Administration, 

National Marine Fisheries Service;  
• U.S. Department of the Interior, Fish and Wildlife 

Service,  
• U.S. Environmental Protection Agency;  
• U. S. Coast Guard;  
• Hawai‘i Department of Land and Natural 

Resources;  
• Hawai‘i Department of Business, Economic 

Development and Tourism, Office of Planning, 
Coastal Zone Management Division;  

• Hawai‘i Department of Transportation; Hawai‘i 
Department of Agriculture;  

• Maui County Mayor’s Office;  
• Maui County Council;  
• Maui County Department of Planning;  
• Maui County Department of Public Works;  
• Maui County Department of Transportation.  

Maui Harbor Users Group meeting attendees are listed in 
Appendix A 

 
General Description of Affected Environment: 
 
 The Kahului Commercial Harbor 2030 Master Plan 

identifies demand for additional harbor berthing space and 
nearby operational areas. The proposed action involves 
improvements on the eastern side of the harbor, where piers 
and commercial operations are now concentrated, and 
development of piers and operational areas on the West 
Breakwater. Dredging and breakwater improvements 
needed for access and loading at the new berths are 
included.  



The subject property is situated in an urbanized, industrial 
setting including the towns of Kahului and Wailuku. The 
Hawaii Department of Land and Natural Resources 
(DLNR) operates a recreational boat launch on the West 
Breakwater (The DLNR site is not included in the proposed 
action.) Hoaloha Beach Park, extending from Pu‘unēnē 
Avenue to the west, includes facilities for canoe clubs. The 
clubs use the harbor waters for practices and regattas.  

 
Summary of Alternatives and Impacts Considered: 
 
 The Proposed Action is needed to accommodate recent and 

expected increases in demand for harbor space in line with 
Maui’s growing population and economy.  

 
 Alternatives considered and assessed in this document 

include A, B and No Action. Alternative A has been chosen 
by the Applicant as preferred, based on stakeholder input. 
The two action alternatives include development of the 
West Breakwater area to create piers and operational space, 
and changes to the existing pier areas to allow more 
efficient operations. Alternative A calls for development of 
the West Breakwater primarily for a cruise ship pier and a 
ferry slip, with dredging and breakwater development as 
needed. Improvements on the east side of the harbor would 
include use of fill at Pier 2, changes at Pier 3 to 
accommodate fuel barges more effectively, and extension 
of Pier 1, with breakwater development as needed. 
Alternative B calls for concentrating passenger operations 
at Pier 2, with cargo operations at the West Breakwater and 
the Pier 1 area. Fuel operations would be located on Pier 1 
at Berths 1C and 1D. The No Action Alternative would 
allow actions already covered by earlier Master Plans and 
environmental documents, including dredging between 
Piers 1 and 2 and a new dolphin at Berth 1D.  

 
 Best management practices limit potential impacts of 

development, including the use of silt fences and curtains, 
and other controls over construction noise and dust. 
Practices to limit the spread of invasive species affect 
vessel operations and U.S. Coast Guard regulation of 
vessels.  

 
 Impacts of the proposed action include removal of coral 

during dredging, affecting about 22 percent of the coral 
substrate within Kahului Commercial Harbor, and changes 



in the dredge line, leading to the loss or relocation of 
recreational activities, such as surfing.  

  
 Additional alternatives involving development of a second 

harbor either adjacent to Kahului Commercial Harbor or 
elsewhere on Maui were evaluated but eliminated from 
further consideration for this EIS for reasons of 
environmental impact, cultural impact and cost.  

 
Proposed Mitigation Measures: 
 
 Loss of coral may be mitigated by avoidance of highly 

productive areas or transplantation of corals to areas 
outside Kahului Commercial Harbor.  

 
Unresolved Issues: No issues appear to be unresolved.  
 
Compatibility with Land Use Plans and Policies: 
 
 The Kahului Commercial Harbor 2030 Master Plan was 

developed to accommodate economic growth on Maui 
anticipated by state and county agencies. It responds to 
economic policies in the Maui General Plan and Wailuku-
Kahului Community Plan, while remaining sensitive to the 
needs of recreational users of the harbor area.  

  
 The land use permits listed below are needed because 

current permits reflect outdated uses or plans. Thestate and 
county have agreed to dedicate the bulk of the West 
Breakwater for maritime uses, but have not processed land 
use changes needed to reflect that agreement.  

 
Required Permits: Government consultations and permits that may be required 

under the Proposed Action and alternatives, and identified during 
development of this document include: 

• Section 4(f) evaluation,  

• ESA Section 7 consultation, 

• CZM consistency determination,  

• NHPA Section 106 consultation, 

• FWCA consultation, 

• CWA Section 404 permit,  

• CWA Section 401 WQC, 



• Rivers and Harbors Act, Section 10 permit,  

• NPDES permit for construction activities, and  

• Conservation District Use Permit for construction and 
operations in the Resource Subzone.  
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EXECUTIVE SUMMARY 1 

ES.1 INTRODUCTION 2 

The Kahului Commercial Harbor 2030 Master Plan (2030 Master Plan), presented 3 
in this document, includes short- and long-term improvements to the State of 4 
Hawai‘i Department of Transportation Harbors Division (DOT Harbors) facilities at 5 
Kahului Commercial Harbor through the year 2030. The Draft Environmental 6 
Impact Statement (EIS) evaluates improvements recommended in the 2030 Master 7 
Plan. This document is a joint federal and state EIS, prepared according to the 8 
National Environmental Policy Act of 1969, as amended (NEPA), and Chapter 343 9 
of Hawai‘i Revised Statues (HRS 343). Both federal and state funding and state 10 
lands will likely be used. 11 

The subject property consists of Tax Map Keys (TMKs) 3-7-1: parcels 21 and 22; 3-12 
7-8: parcels 1, 2, 3, 4, 6, 28, and 29; and 3-7-10: parcels 1, 2, 3, 6, 13, 15, 17, 18, 22, 13 
25, 26, 27, 32, 33, 34, 36, 37, and 38. It is located in Kahului in the district of 14 
Wailuku, on the north side of the island of Maui. The 2030 Master Plan project area 15 
comprises: 16 

• East Breakwater, 17 

• Pier 1 (with Berths 1A, 1B, 1C), 18 

• Pier 2 (with Berths 2A, 2B, and 2C), 19 

• Pier 3 with associated terminals and storage areas (the east side), 20 

• West Breakwater (and its associated coral stockpile area), and 21 

• Land bounded by Ka‘ahumanu Avenue and the shoreline between Pu‘unēnē 22 
Avenue and Hobron Avenue. This land includes two parcels (TMK 3-7-10: 23 
parcels 1 and 36) acquired by DOT Harbors in December 2007 from 24 
Alexander and Baldwin Properties (A&B Properties). An Environmental 25 
Assessment (EA) for the acquisition was prepared in 2006. A third parcel in 26 
this area, TMK 3-7-8: parcel 5, is privately owned and not part of the EIS 27 
analysis. 28 

Kahului Commercial Harbor is the busiest neighbor island deep-draft commercial 29 
harbor and ranks as the third busiest in the state. It is the only commercial harbor 30 
on the Island of Maui. The bulk of goods used by Maui’s residents and visitors—31 
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food, clothing, building materials, cars, and fuel—are imported via the 1 
commercial harbor.  2 

ES.1.1 Objectives 3 

DOT Harbors has developed plans for Kahului Commercial Harbor in furtherance of 4 
its mission “to provide a safe, efficient, accessible, and inter-modal transportation 5 
system that ensures the mobility of people and goods, and enhances and/or preserves 6 
economic prosperity and the quality of life.” Such plans incorporate both long- and 7 
short-term objectives and are updated on a regular basis. 8 

The 2030 Master Plan process has included stakeholder input, conveyed in Maui 9 
Harbor Users Group (MHUG) workshops and a public scoping meeting. Based in 10 
large part on that input, DOT Harbors has identified major objectives for Kahului 11 
Commercial Harbor: 12 

• Meet current and anticipated demand for cargo coming into and out of the 13 
port; 14 

• Take steps to decrease congestion in the port in the near future; 15 

• Make space for an inter-island ferry and a cruise ship berth; and  16 

• Continue to respect recreational uses in the Kahului Commercial Harbor 17 
area. 18 

ES.1.2 Scope of Master Plan and EIS 19 

The Draft EIS evaluates the potential impacts of the proposed action and reasonable 20 
alternatives presented in the 2030 Master Plan, including no action, as required by 21 
NEPA and Chapter 343. 22 

Related documents cover actions that are part of the context for the Master Plan and 23 
EIS. Those documents include the 2025 Kahului Commercial Harbor Master Plan 24 
and a forthcoming EIS for large-capacity ferry operations throughout Hawai‘i.  25 
Improvements analyzed in those documents are not examined here, although 26 
cumulative impacts associated with all anticipated facilities and operations in 27 
Kahului Commercial Harbor are studied.  28 

The harbor improvements proposed here include breakwaters and dredging that will 29 
be the subject of future modeling and design efforts. The exact size and location of 30 
those improvements will be refined, and additional studies will be needed in the 31 
course of design, permitting, and construction.  32 
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ES.1.3 Existing Harbor Facilities and Operations 1 

Kahului Commercial Harbor is enclosed by two breakwaters. Currently, commercial 2 
harbor piers are on the east side of the harbor. They serve cargo ships and barges, as 3 
well as passenger ships. Imports and cruise passenger activity have been increasing 4 
rapidly. Among exports, sugar, sand, and molasses have been the leading 5 
commodities. Table ES-1 identifies existing throughput quantities. 6 

Table ES-1.  FY05 Cargo and Passenger Throughput,  7 
Kahului Commercial Harbor 8 

Category Units Import Export Total 
Containers TEU* 71,360 55,240 126,600 
Vehicles tons 96,645 60,314 156,959 
Break-Bulk tons 215,290 72,771 288,061 
Dry-Bulk tons 132,562 573,935 706,497 
Liquid-Bulk tons 855,647 72,381 926,932 
Cruise Passengers each   147,450 

* TEU = Twenty-foot equivalent unit. 9 
 10 
 11 

In general, berthing within the State’s commercial harbors is not permanently 12 
assigned. Vessels requesting to use the port are assigned space according to the 13 
availability of berths and required shoreside facilities.  14 

Pier 1 is the main pier used by large container vessels and cruise ships and can 15 
accommodate two large ships simultaneously. 16 

Pier 2 has three berths designated as 2A, 2B, and 2C. Berth 2A, the nearshore berth, 17 
is used for inter-island containers, roll-on roll-off (RO/RO) operations less than 18 
container load (LCL) cargo, liquid propane, cement, and livestock transport 19 
operations. Inter-island ferry vessels utilize Berth 2B, with occasional use by 20 
tugboats or other vessels awaiting berths when not occupied by the ferry. Berth 2C is 21 
for inter-island ferry operations only since the ramp barge used to access the ferry is 22 
moored there.  23 

Pier 3 has only one berth. It is used for unloading fuel, ethanol, containers, RO/RO, 24 
and exporting sand, gravel, and scrap metal. 25 

Pier utilization studies of Kahului Commercial Harbor show that the level of usage 26 
is high and has been increasing in recent years.  27 

Standard management practices are in place for DOT Harbors’ properties. These 28 
management practices, which may be based on federal, state, or county laws or 29 



  KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN 
EXECUTIVE SUMMARY  DRAFT ENVIRONMENTAL IMPACT STATEMENT 

 ES-4  

regulations, or on DOT Harbors’ policies, place constraints on activities for the 1 
purpose of protecting the natural environment, public safety, or other resources. 2 

ES.2 MASTER PLAN 3 

ES.2.1 Future Commercial Harbor Facility Requirements 4 

Future requirements were forecast on the basis of historical trends in cargo and 5 
passenger throughput and on state projections of population growth for Maui. 6 
Increasing throughput is likely for all cargo and passenger categories except dry 7 
bulk. By 2030, demand could justify expanding the commercial harbor to ten berths. 8 
Table ES-2 identifies future berth requirements. 9 

Table ES-2.  Berth Requirements to Meet Throughput Projections 10 

 Fiscal Year 

Cargo/Use Category FY05 FY10 FY20 FY30 

Containers and Vehicles 1.50 1.68 2.24 2.80 
Break-Bulk 0.82 0.77 0.81 0.84 
Dry-Bulk 1.25 1.01 1.08 1.14 
Liquid-Bulk 1.08 1.26 1.59 1.93 
Subtotal: Cargo Berths 4.65 4.72 5.71 6.71 
Cargo Berths, Rounded 5 5 6 7 
Cruise Passenger 1 1 2 2 
Inter-island Ferry 1 1 1 1 
Total Berths 7 7 9 10 

 11 
 12 

However, DOT Harbors decided, in light of community input, to dedicate only one 13 
berth for cruise ships at Kahului Commercial Harbor. 14 

Storage space is needed as well as berth space. For containers, some 51.4 acres of 15 
yard space could be required by 2030 (while 25.2 are currently available).  For 16 
vehicles, 14.2 acres could be required instead of the 8.8 acres now available. 17 
Covered storage space and bulk storage facilities (i.e., tanks and silos) will also be 18 
needed. Because of space limitations, DOT Harbors will continue to expect bulk 19 
storage to be located outside of the State’s Kahului Commercial Harbor lands. 20 
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ES.2.2 Alternatives 1 

The final set of alternatives for the 2030 Master Plan and EIS for Kahului 2 
Commercial Harbor is based in large part on the discussions and output generated in 3 
the MHUG meetings. These alternatives are: 4 

• Alternative A—Develop cruise and inter-island ferry facilities at the West 5 
Breakwater Harbor Development; expand Piers 1 and 2 for cargo operations 6 
and build new fuel facility at Pier 3 or 4. 7 

• Alternative B—Develop cruise and inter-island ferry facilities at Pier 2; 8 
expand cargo facilities at Piers 1 and 3 and at the West Breakwater Harbor 9 
Development. 10 

• No Action Alternative. 11 

For both Alternative A and Alternative B, dredging of an expanded turning basin and 12 
creation of new breakwater extensions will be needed, allowing vessels to travel to 13 
and from the West Breakwater Harbor Development and berth there with limited 14 
risk of surge. 15 

As part of the process of developing alternatives for the 2030 Master Plan, MHUG 16 
considered two additional options for expanding the commercial port beyond its 17 
current footprint as possible long-term solutions to alleviate congestion. Both 18 
options were removed from consideration due to substantial financial costs 19 
(dredging and construction), land use compatibility issues, and cultural and 20 
environmental impacts. Earlier, several second harbor sites were studied and found 21 
not to be cost-effective. Harbor development at those sites would likely have 22 
complex, potentially grave environmental impacts. 23 

ES.3 ENVIRONMENTAL IMPACTS EVALUATED 24 

Conditions relevant to the proposed action and alternatives, and therefore included 25 
in this EIS, include air quality, physical oceanography, marine biota, terrestrial flora 26 
and fauna, sensitive environments, geology, soils, topography (including 27 
bathymetry), groundwater and surface water resources, socioeconomic conditions, 28 
traffic conditions, public services and infrastructure, the noise environment, cultural 29 
and historic resources, visual and aesthetic resources, and recreational resources. 30 
The analysis includes detailed accounts of existing conditions, impacts, management 31 
measures and mitigation measures.  32 

Table ES-3 lists the impacts of the alternatives studied. Where management or 33 
mitigation measures are available, impacts are assessed for the alternatives with 34 
those measures in place.  35 
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For example, dredging for Alternatives A and B would remove areas of coral from 1 
inside the harbor. Impacts on coral could be minimized by (a) using silt curtains in 2 
the course of construction activities, (b) timing construction activities during periods 3 
in which the coral is not reproducing, and (c) transplanting coral, if feasible, to other 4 
sites. 5 

Impacts to traffic can be managed through measures such as restriping at affected 6 
intersections, although traffic volumes and congestion are still expected to increase 7 
in the coming years.  8 

Impacts to recreation activities are significant in two respects. For both Alternative A 9 
and Alternative B, dredging would affect surf sites near the West Breakwater, and 10 
development of that area for commercial harbor use would remove a convenient 11 
means of access to surf sites. After dredging, shorter surf breaks might still exist. On 12 
days with a strong north swell, surfers from the Kahului area would have to travel to 13 
other surf sites along the coast. In addition, Alternative B would have a significant 14 
impact on canoe regattas since the security zones for passenger vessels at Pier 2 15 
would extend into the area used by paddlers.  16 

The No Action Alternative would be associated with significant negative impacts on 17 
socio-economic conditions and traffic. 18 

Table ES-3 summarizes potential impacts by resource area and identifies potential 19 
impacts from each alternative. 20 

 21 
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Table ES-3.  Summary of Potential Impacts by Resource Area 

Proposed Action (Alternative A) Alternative B No Action Alternative Impacts to 
Resource 

Areas Direct  Indirect  SI?* Direct  Indirect  SI?* Direct  Indirect SI?* 
Air Quality  Short-term fugitive dust 

and emissions from 
construction equipment 

Increased emissions 
from additional vessel 
calls  

No Short-term fugitive dust 
and emissions from 
construction equipment 

Increased emissions 
from additional vessel 
calls  

No None Increased 
emissions from 
additional 
vessel calls  

No 

Physical 
Oceanography 

Potential changes to 
long-shore currents 
from breakwater 
construction 

None No Potential changes to 
long-shore currents from 
breakwater construction 

Potential contributions 
to changes in shoreline 
erosion patterns 

No None None No 

Marine Biota Loss of coral habitat 
through dredging, filling; 
temporary increase in 
sedimentation in area of 
dredging 

Additional habitat for 
coral growth from 
breakwaters; 
potential for 
sedimentation 

Yes/
mitig 

Loss of coral habitat 
through dredging, filling;  
potential for 
sedimentation in area of 
dredging 

Additional habitat for 
coral growth from 
breakwaters 
(beneficial) 

Yes/ 
mitig 

None None No 

Terrestrial Flora 
and Fauna 

Minor grubbing or 
clearing of vegetation 
on WBW; grubbing/ 
clearing at dredged 
material upland disposal 
site 

None No Minor grubbing or 
clearing of vegetation on 
WBW; grubbing/ clearing 
at dredged material 
upland disposal site 

None No None None No 

Sensitive 
Environments 

 Loss of beach area, 
increase in winter wave 
impact 

None  No  Loss of beach area, 
increase in winter wave 
impact 

None  No None None No 

Geology, 
Topography, and 
Soils 

Minor grading on WBW None No Minor grading on WBW None No None None No 

Groundwater and 
Surface Water 

Temporary turbidity in 
area of dredging 

None No Temporary turbidity in 
area of dredging 

None No None None No 

*Note: SI =Significant Impact; Yes/Mitig = significant but can be mitigated to less than significant; WBW = West Breakwater Harbor Development. 
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Table ES-3.  Summary of Potential Impacts by Resource Area (continued) 

Proposed Action (Alternative A) Alternative B No Action Alternative Impacts to 
Resource 

Areas Direct  Indirect  SI?* Direct  Indirect  SI?* Direct  Indirect SI?* 
Socio-economics Less harbor congestion, 

additional jobs 
(beneficial) 

Accommodate 
anticipated future 
harbor demand 
(beneficial) 

No Less harbor congestion, 
additional jobs 
(beneficial) 

Accommodate 
anticipated future 
harbor demand 
(beneficial) 

No Increased 
transportation 
costs/ time, 
impacts on 
emergency 
response 

Slower 
potential 
economic 
growth 

Yes 

Traffic Additional 5 to 15 
percent contribution to 
projected 2030 traffic 
conditions 

None No Additional 3 to 10 
percent contribution to 
projected 2030 traffic 
conditions 

None No Unacceptable 
LOS in 2030 

None Yes 

Public Services 
and Infrastructure 

New infrastructure at 
WBW 

None No New infrastructure at 
WBW 

None No None None No 

Noise Short-term, temporary 
construction noise 

None No Short-term, temporary 
construction noise 

None No Short-term, 
temporary 
construction 
noise from 
already 
programmed 
projects 

None No 

Archaeology None None No None None No None None No 
Cultural and 
Historic 
Resources 

None None No None None No None None No 

Visual and 
Aesthetic 
Resources 

None None No None None No None None No 

Recreational 
Resources 

Shoreline use, surf sites 
eliminated 

None Yes Shoreline use, surf sites 
eliminated, canoe 
regatta disrupted 

None Yes None None No 

*Note: SI =Significant Impact; Yes/Mitig = significant but can be mitigated to less than significant; WBW = West Breakwater Harbor Development. 
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GLOSSARY 1 

back area/back lands. Storage space. 2 

barge ship. A flat-bottomed vessel used to transport heavy goods (e.g., low value bulk cargo such as 3 
coal). Most barges are not self-propelled and need to be moved by tugboats towing or by towboats 4 
pushing them. 5 

basin. An area of water or enlargement of a channel used for turning vessels around. Also called 6 
turning basin. 7 

benefit-to-cost. Weighing the cost to implement, with a marginal economic justification (low return 8 
on investment-benefit to cost). 9 

berth. The space allotted to a vessel at anchor or at a pier. 10 

berth-foot-hours. Calculation of (length of ship in feet) multiplied by (time in hours at berth). 11 

berth transfer. Transfer of cargo to and from the vessel and the berth. 12 

break-bulk. General cargo conventionally stevedored and stowed as opposed to bulk, unitized or 13 
containerized cargo. Break-bulk is measured in tons. Break-bulk cargo includes: lumber, produce, 14 
livestock, and other (primarily less than container load) cargo. 15 

breakwater. An engineered structure for protecting a beach or harbor. 16 

calls. Vessel visits to a port. 17 

 cargo. Goods or merchandise conveyed in a vessel, plane or vehicle; freight. 18 

cargo ship. Any sort of ship or vessel that carries cargo, goods, and materials from one port to 19 
another. Container ship is a specialized cargo ship. 20 

chassis. A wheeled frame for a container. 21 



  KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN 
GLOSSARY  DRAFT ENVIRONMENTAL IMPACT STATEMENT 

 GL-2  

commercial harbor. A harbor or off-shore mooring facility which is primarily for the movement of 1 
commercial cargo, passenger and fishing vessels entering, leaving or traveling within the state, and 2 
facilities and support services for loading, off-loading, and handling of cargo, passengers and 3 
vessels (HRS Ch 266-1). 4 
 5 
A harbor under the jurisdiction of the department which has been designated for trade and other 6 
commercial activity (HAR 19-41-2). 7 

commodity. An economic good, such as a product of agriculture; an article of commerce, especially 8 
when delivered for shipment. 9 

container. A single rigid, non-disposable cargo box. Containers are measured in twenty-foot 10 
equivalent units (TEU). Standard U.S. size for a container is 8 feet (width) by 8 feet (height) by 20 11 
feet (length), which is equivalent to 1 TEU. 12 

container ship. A specialized cargo ship fitted for transporting containerized cargo. 13 

devanning. The physical removal of cargo from a vessel, truck, railcar, or airplane. 14 

dolphin (mooring). See mooring dolphin. 15 

draft. The depth of a vessel below the waterline, measured to the lowest point of the hull, the bottom 16 
of the propeller, or other reference point. 17 

dredging. To dig, gather, or pull out with or as if with a dredge; to deepen (as a waterway) with a 18 
dredging machine. 19 

dry-bulk. Dry-bulk cargo includes: sugar, cement, scrap metal, sand/gravel, and coal. Dry-bulk is 20 
measured in tons. 21 

dwell time. Amount of time that a container stays in the yard. 22 

East Breakwater. The engineered structure on the east side of Kahului Commercial Harbor that 23 
provides shelter from wave action. 24 

export. A commodity conveyed from one country or region to another for purposes of trade; in this 25 
case goods going out of Maui. 26 

fiscal year. An accounting period of 12 months. The State’s and Hawai‘i counties’ fiscal year is from 27 
July 1 through June 30. The federal fiscal year begins October 1 and ends September 30. A fiscal 28 
year will always reflect the date of the calendar year in which it ends. For example, the state’s 29 
fiscal year for 2007 is from July 2006 to end of June 2007. 30 
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frequency of call. The number of times vessels may dock or berth. 1 

gangs. A unit of workers employed to load and unload cargo from ships. 2 

gate transfer. The procedures and duration for cargo entering or leaving the terminal area through 3 
the entrance/exit gates. 4 

import. To bring as merchandise into a place or country from another country; in this case, goods 5 
coming into Maui. 6 

intermodal. Being or involving transportation by more than one form of carrier during a single 7 
journey. 8 

less than container load (LCL). Shipments that do not completely fill a container. These shipments 9 
are from multiple shippers who pool their cargo in the same container. 10 

level of service (LOS). A measure by which transportation planners determine the quality of service 11 
at intersections, on transportation devices, or transportation infrastructure on a scale of A to F. 12 

liquid-bulk. Liquid-bulk cargo includes: jet fuel, gasoline, diesel, LPG, fuel oil, ethanol, molasses, 13 
and chemicals. Liquid-bulk cargo is measured in tons. 14 

lower berth. Lower berth refers to the average number of guest beds on a cruise ship. This is 15 
calculated by multiplying the number of guest cabins by two beds per cabin. The actual number of 16 
beds will vary per cabin because cabins could have more or fewer than two beds. 17 

mooring dolphin. An isolated cluster of piles used as support of mooring devices such as a bollard. 18 

National Economic Development (NED). The standard for economic evaluation in a federal 19 
navigation improvement study is a net positive benefit to national economic development (NED) 20 
through improving the efficiency of waterborne transportation services. NED benefits are 21 
calculated as reductions in the cost of transporting goods and increases in the value of goods 22 
transported by implementation of the development. 23 

NCL America. NCL America is the Hawai‘i-based subsidiary of Norwegian Cruise Lines (NCL). 24 
NCL, headquartered in Florida, is a subsidiary of Star Cruises. Star Cruises is based in Hong 25 
Kong.  26 

nominal water depth. A rounded average of how deep the water is for a given area. 27 

palletized. To place on, transport, or store by means of pallet. 28 
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pier. A platform/structure extending from a shore over water and supported by piles or pillars, used 1 
to secure, protect, and provide access to ships or boats. 2 

port. A harbor where ships may take on or discharge cargo. 3 

reefer. Temperature controlled (refrigerated) container or ship. 4 

reefer plug. Electrical point on a cargo vessel or a storage yard into which refrigerated containers are 5 
connected to provide power for refrigeration. 6 

remote transfer. The distance from the berth to the storage area 7 

restow. Reloading or relocating cargo. 8 

roll-on/roll-off (RO/RO). Cargo that is rolled or driven on and off the ships. This is in contrast to lo-9 
lo (lift-on/lift-off) vessels which uses a crane to load and unload cargo. 10 

seachest. A small underwater compartment within the shell plating through which sea water is 11 
drawn in or discharged; the sea water may be used for cooling the machinery systems. 12 

short tons. A unit of mass equal to 2,000 lb (exactly 907.18474 kg). 13 

terminal. (1) A berth-side area where cargo is loaded to and discharged from vessels. (2) A depot 14 
that is usually located inland where containers are brought for devanning. 15 

tetrapod. A bank protection element, precast of concrete, consisting of four legs joined at a central 16 
block, each leg making an angle of 109.5 degrees with the other three, like rays from the center of 17 
a tetrahedron to the center of each face. 18 

top pick. Vehicle used to lift and set containers. 19 

throughput. The amount of cargo, vehicles, and passengers that is handled/ processed by 20 
commercial harbor operations 21 

turning basin. See basin. 22 

twenty-foot equivalent unit (TEU). Twenty-foot equivalent unit (TEU) is a common measurement 23 
for a cargo container 8 feet high by 8 feet wide by 20 feet long. One 20-foot container equals 1 24 
TEU. One 40-foot container equals 2 TEU. Note that there are containers larger and smaller than 25 
the typical size. The TEU measurement does not factor in load weight of the container. 26 

vessel. Any craft that is capable of floating and moving on the water. 27 
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(cargo) yard. The cargo yard is used for unloading or receiving containers. 1 

yard hustler. A small “utility” truck used to transport containers within the cargo terminal. 2 

West Breakwater. The engineered structure on the west side of Kahului Commercial Harbor that 3 
provides shelter from wave action. May also be referred to as mole or jetty. 4 

West Breakwater Harbor Development. The coral stockpile area that is owned by DOT Harbors 5 
next to the West Breakwater in Kahului Commercial Harbor. 6 
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1.1 INTRODUCTION 

Pursuant to the National Environmental Policy Act of 1969 (NEPA), as amended, and 
the State of Hawai‘i’s Environmental Impact Statement Law (Hawai‘i Revised 
Statutes [HRS] Chapter 343), this Draft Environmental Impact Statement (EIS) 
evaluates improvements recommended by the Kahului Commercial Harbor 2030 
Master Plan (2030 Master Plan). The 2030 Master Plan, presented in this document, 
includes short- and long-term improvements through the year 2030. The purpose of 
this EIS is to disclose environmental, economic, social, cultural, and technical 
consequences of the 2030 Master Plan improvements and to propose measures for 
minimizing potential adverse impacts.  

This document is a joint federal and state EIS, as both federal and state funding and 
state lands will likely be used. For the environmental review, the proposing agency is 
the Hawai‘i Department of Transportation (DOT) Harbors Division (DOT Harbors), 
and the accepting authority is the Governor of the State of Hawai‘i. The federal 
accepting authority is the U.S. Department of Transportation (USDOT), Maritime 
Administration (MARAD). 

Document Organization 

CHAPTER 1 describes the overall scope and context of the 2030 Master Plan and 
provides an overview of the harbor, and its facilities and operations. Additionally, 
Chapter 1 covers the purpose and need for the proposed action, the scope of the EIS, 
the public involvement process, relevant federal and state laws, consulted parties, and 
major government permits and approvals. 

CHAPTER 2 describes existing commercial harbor facilities, operations, and relevant 
management measures in place at Kahului Commercial Harbor. 

CHAPTER 3 addresses future facility requirements at Kahului Commercial Harbor 
based on forecasts of cargo and passenger volumes in the year 2030. Methodologies 
are evaluated to forecast cargo and passenger changes in demand or throughput from 
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the base year 2005 to the year 2030. The data are used to calculate facility 
requirements to meet projected throughput. 
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CHAPTER 4 presents the proposed action and alternatives developed based on the 
existing and future facility requirements identified in previous chapters. 

CHAPTER 5 describes the environment of the project area. 

CHAPTER 6 identifies the potential environmental impacts of the alternatives and 
proposed mitigation measures for significant impacts, if any. 

CHAPTER 7 lists the references used for this document. 

CHAPTER 8 lists the preparers of this document. 

GLOSSARY defines technical and harbor-related terms used in this document. The 
glossary is located in the front of the report. 

APPENDICES for this EIS contain: meeting notes and a list of participants in the Maui 
Harbor Users Group; comment letters received on the November 2006 Notice of 
Intent,; study of the Hawai‘i cruise ship market; cargo costs; comments received on 
the March 2007 Preparation Notice and their responses; studies of the Kahului 
Commercial Harbor marine environment; and potential traffic impacts. 

1.2 LOCATION OF THE PROPOSED ACTION 

Kahului Commercial Harbor is the busiest neighbor island deep-draft commercial 
harbor, and ranks as the third busiest in the state. It is also the only commercial harbor 
on the island of Maui. The bulk of goods used by Maui’s residents and visitors—food, 
clothing, building materials, cars, and fuel—are imported via the commercial harbor. 
Exported goods—sugar, molasses, pineapple, finished goods, sand, and recycled 
materials—also move through the commercial harbor. The total weight of cargo has 
exceeded 3.0 million short tons per year, up from 2.1 million short tons in 1995. In 
addition, cruise ships are estimated to have brought over 263,000 passengers to 
Kahului Commercial Harbor in fiscal year 2006 (FY06) (up from 53,000 passengers 
in 2000). 

Development of harbor facilities at Kahului Bay began with construction of the first 
warehouse in 1863, and the first landing was constructed in 1879. Intensive harbor 
development commenced in the early part of the twentieth century as the sugar 
industry grew. By 1910, improvements such as a 1,800-foot breakwater on the east 
side, a 40-foot tall lighthouse, and a 200-foot pier had been constructed, and the 
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turning basin had been dredged. Construction of the breakwater on the west side of the 
harbor began in 1917. The harbor basin has been increased in size and depth over the 
years in response to changes in vessel sizes and increased cargo volumes. Port 
facilities have also changed over the years to accommodate advances in technology, 
cargo types, and cargo volumes. Currently, the harbor basin is 2,050 feet wide by 
2,400 feet long, with a design depth of 35 feet. The entrance channel is 660 feet wide 
and 40 feet deep. The harbor is protected by breakwaters on the east and west sides. 
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The commercial harbor’s facilities are located within an urbanized, industrial setting 
approximately one mile west of Kahului Airport (refer to Figure 1-1). A power plant, 
petroleum storage facilities, and commercial businesses border the harbor to the east. 
Kanahā Pond Wildlife Sanctuary, a conservation area, is approximately 0.5 mile east 
of the harbor. Land south of the harbor along Ka‘ahumanu Avenue is primarily 
commercial, including three shopping centers and two hotels. Recreational areas to the 
south include canoe hale (boathouses) and beaches. An oceanfront roadway runs to 
the west of the harbor. Civic, commercial, and residential areas are inland of the 
roadway, west of the West Breakwater.  

Physical Setting 

The subject property consists of Tax Map Keys (TMKs) 3-7-1: parcels 21 and 22; 3-7-
8: parcels 1, 2, 3, 4, 6, 28, and 29; and 3-7-10: parcels 1, 2, 3, 6, 13, 15, 17, 18, 22, 25, 
26, 27, 32, 33, 34, 36, 37, and 38. It is located in Kahului in the district of Wailuku, on 
the north side of the island of Maui. The 2030 Master Plan project area, as shown on 
Figure 1-1, comprises: 

• East Breakwater, 

• Pier 1 (with Berths 1A, 1B, 1C), 

• Pier 2 (with Berths 2A, 2B, and 2C), 

• Pier 3 with associated terminals and storage areas (the east side), 

• West Breakwater (and its associated coral stockpile area), and 

• Land bounded by Ka‘ahumanu Avenue and the shoreline between Pu‘unēnē 
Avenue and Hobron Avenue. This land includes two parcels (TMK 3-7-10: 
parcels 1 and 36) acquired by DOT Harbors in December 2007 from 
Alexander and Baldwin Properties (A&B Properties). An Environmental 
Assessment (EA) for the acquisition was prepared in 2006. A third parcel in 
this area, TMK 3-7-8: parcel 5, is privately owned and not part of the analysis 
for this EIS. 

 1-3  



Pacific OceanKahului
Harbor

Kapalua

Lahaina

Kihei Ha–naMa–‘alaea
Harbor

Wailuku
Kahului

Kahului 
Airport

Island of Maui

NORTH

Figure 1-1
PROJECT LOCATION

Kahului Commercial Harbor 2030 Master Plan
Draft Environmental Impact Statement

December 2007

0  750 1500

SCALE IN FEET

©
2007 Belt Collins H

aw
aii Ltd.  2006.70.0401/005-1d712.10.07 9

PROJECT 
AREA

Power Plant

DLNR Recreational 
Boat Ramp

W
es

t B
re

ak

water
East Breakwater

Pier 1

Pier 2

Pi
er

 3

H
obron Ave.

Amala Pl.

W
harf St.

2nd St.

Kahului Beach Rd.

Ka‘ahumanu   Ave.

S. Pu‘une –ne – Ave.

Source: U.S. Geological Survey. October 2004. Digital Raster Graphic. 
Project area boundary determined from Tax Map Key (First 
American Real Estate Solutions. 2006. Realty Atlas, Hawaii. 
Counties of Maui and Kalawao. Zones 3 thru 6.)

A
la

 Lu
ina St. 



KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN   CHAPTER 1 
DRAFT ENVIRONMENTAL IMPACT STATEMENT  PURPOSE AND NEED 

The total area of the subject property is approximately 448 acres, of which 374 acres 
are the submerged lands of the harbor. This area includes the West Breakwater but 
excludes the recently acquired parcels—TMK 3-7-10: parcels 1 and 36, which occupy 
3.96 acres. The Master Plan calls for redevelopment of these two parcels. Water 
depths within the harbor are up to 35 feet (in the turning basin). 
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The east side of the harbor encompasses about 53 acres of improved land. It currently 
serves as the operational portion of the harbor and includes parcels leased to industrial 
and commercial users. The West Breakwater and its associated coral stockpile area 
comprise approximately 21 acres of undeveloped land. The State Department of Land 
and Natural Resources (DLNR) manages a recreational boat launch on the West 
Breakwater area. Under Executive Order (EO) 3064, the West Breakwater area was 
previously under the control of the County of Maui. In September 2006, the Board of 
Land and Natural Resources approved cancellation of the EO with ownership of 
approximately 17.3 acres reverting to DOT.1 The cancellation allows the remaining 
approximately 3.6 acres to be set aside for the DLNR Division of Boating and Ocean 
Recreation’s (DOBOR) expansion of the existing boat ramp and/or a future haul out 
facility. This DLNR recreational facility is outside the 2030 Master Plan scope. 

1.3 PURPOSE AND OBJECTIVES OF THE 2030 MASTER 
PLAN 

DOT Harbors has developed plans for Kahului Commercial Harbor in furtherance of 
its mission “to provide a safe, efficient, accessible, and inter-modal transportation 
system that ensures the mobility of people and goods, and enhances and/or preserves 
economic prosperity and the quality of life.” Such plans incorporate both long- and 
short-term objectives and are updated on a regular basis. 

Previous Master Planning Efforts 

Completed in September 2000, the Kahului Commercial Harbor 2025 Master Plan2 
(2025 Master Plan) was developed through a planning effort that brought together 
commercial harbor users, other stakeholders of Kahului Commercial Harbor, and 
government agencies. That effort had the following objectives: 

 
1  State of Hawai‘i, Department of Land and Natural Resources, Board of Land and Natural Resources. September 22, 

2006. Minutes for the Meeting of the Board of Land and Natural Resources. 
2  State of Hawai‘i, Department of Transportation, Harbors Division. September 2000. Kahului Commercial Harbor 2025 

Master Plan. Final. 
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1. Plan the proper development of Kahului Commercial Harbor, thereby 
facilitating maritime shipments of the essential commodities required by 
Maui’s citizenry. 
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2. Optimize the utilization of land and water resources committed to marine 
cargo and passenger operations in an economically responsible manner. 

3. Provide terminals, other harbor resources, and access to these facilities in 
locations within Kahului Bay and other locations in a manner that best relates 
to and serves Maui in an efficient, safe, and secure manner. 

4. Minimize the impact on environmental quality and recreational opportunities 
contiguous with Maui’s port facilities. 

2030 Master Planning Efforts 

In 2006, three stakeholder meetings were held for the planning of the 2030 Master 
Plan. Participants organized as the Maui Harbor Users Group (MHUG) were asked to 
specify and prioritize objectives for the 2030 Master Plan. MHUG participants 
included commercial and recreational harbor users, public agency staff, and represen-
tatives of local economic development organizations. A list of participants is provided 
in Appendix A.. 

While all involved sought to accommodate the mix of commercial and recreational 
uses at Kahului Commercial Harbor, they agreed to give commercial cargo first 
priority in planning for Kahului Commercial Harbor. They recognized that both 
immediate problems and long-term demand deserved close attention. Several partici-
pants stressed that a 2030 Master Plan must lead to immediate action; it must not be so 
ambitious that no improvements can be made in the next few years. Participants 
further agreed that some of their objectives were in conflict with other objectives. 
Similarly, expansion or intensification of some activities could limit others’ use of the 
harbor. Chapter 4, Section 4.2.3, provides further details of the MHUG’s objectives 
and work products. 

Discussion of a second harbor for commercial or recreational use arose in recognition 
that demand for space is likely to grow for both of these uses. A summary of previous 
evaluations of the potential for second harbor development is provided in Section 
4.6.2. 

Based in large part on stakeholder input, DOT Harbors has identified the following 
primary objectives for the 2030 Master Plan: 

1. Provide space and facilities to meet current and anticipated future demand 
associated with movement of cargo to and from Maui, while encouraging 
efficient, space-saving operations.  
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2. Implement in the near future steps to decrease congestion within the harbor.  1 
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3. Make space for operations of an inter-island ferry and cruise ships within the 
harbor. (In response to MHUG concerns, cruise ships would be limited to no 
more than one dedicated berth at Kahului Commercial Harbor, but use of 
other berths for cruise ships would be possible, based on availability.) 

4. Continue to respect recreational uses in the Kahului Commercial Harbor area. 

Secondary objectives include: 

1. Where possible, separate cargo and passenger operations for reasons of safety, 
efficiency, and visitor satisfaction with Maui. 

2. Develop facilities that can accommodate multiple uses in the event that 
vessels and demand change in the years to come. 

The objectives of the current planning effort differ from earlier planning objectives in 
two major ways: (1) explicitly prioritizing cargo over other commercial operations, 
and (2) insisting on near-term results as well as long-term ends.  

1.4 NEED FOR ACTION 

Six critical factors have created a need to update the 2025 Master Plan: (1) population 
and economic growth fueling demand for more imports; (2) berthing shortages in the 
harbor; (3) inadequate land space for current and future storage areas; (4) growth of 
passenger operations; (5) larger ships; and (6) emergence of new cargoes requiring 
changes in handling facilities and equipment. These six factors are summarized below. 

POPULATION AND ECONOMIC GROWTH. Maui has seen continuing growth in 
residents, visitors, and income resulting in more demand from more people for more 
goods and services. The population is expected to grow at about 1.5 percent annually 
through 2030, to 155 percent of the population counted in the 2000 Census. With 
incomes and output continuing to grow, both imports and exports through Kahului 
Commercial Harbor are likely to increase. 

BERTHING SPACE. Demand for berth space at Kahului Commercial Harbor has been 
rising. Two studies have been conducted to analyze berth occupancy. According to a 
2005 Hawaii Harbor Users Group study,3 Kahului Commercial Harbor operates at an 
average of 59 percent occupancy (77 percent daytime, 40 percent nighttime). Another 

 
3  Mercator Transport Group. December 2005. Hawaii Harbor Users Group Report on Port Facilities and Development 

Priorities. 
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study conducted by DOT Harbors in 2006, using different assumptions, also 
determined the berth occupancy to be high and increasing.
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4 The high berthing 
occupancy rate creates inefficiencies and scheduling problems, whereby vessels may 
need to move on and off berths to accommodate others. This situation also affects 
berthing schedules at other ports in the state. For example, a barge that unloads behind 
schedule at Kahului Commercial Harbor could affect scheduling at its next call at 
Kawaihae Commercial Harbor on the island of Hawai‘i.5 Operators may also need to 
load and unload at times when labor rates are higher (e.g., at night), which could affect 
prices of the goods to consumers. Demand for landside cargo storage space would also 
increase as an impact of high occupancy rates. In addition, as discussed below, new 
larger vessels will require more berth space and possibly landside storage, as larger 
ships and barges can carry more containers. 

STORAGE SPACE. A major factor for cargo handling capacity is having enough land 
space available to store and process containers, other cargo, and vehicles. Projected 
increases in cargo volume combined with the upgrading of fleets with larger vessels 
contribute to the need for more storage space. Additional space is also required for 
cargo handling equipment, refrigerated container storage, container sorting areas, and 
vehicle circulation routes in and out of the port. 

PASSENGER OPERATIONS. Kahului Commercial Harbor has experienced a steady 
increase in cruise ship passengers, with a growth rate of 23 percent between 2000 and 
2005. Between 2005 and 2030, cruise ship passenger volume at Kahului Commercial 
Harbor is projected to increase at an annual growth rate ranging from 2.3 to 3.6 
percent. The difference between the low and high estimates is attributable to the 
forecasting assumptions used—for example, considering variations due to industry 
trends in the worldwide and regional cruise markets, customer demand, as well as 
expected increases in vessel size. Chapter 3 provides further details regarding cruise 
ship passenger projections. 

In December 2007, the Hawaii Superferry (HSF) began regular inter-island operations 
between Honolulu and Kahului Harbors. HSF plans to introduce another vessel for 
service between Honolulu and Kahului Harbors in 2009. 

An increase in the number of cruise and ferry passengers visiting Kahului Commercial 
Harbor would create additional demands on the infrastructure of the port. These could 
include the need for new piers to handle increase in cruise ship berthing, additional 
buildings for passenger comfort, new staging and parking areas, utility upgrades, and 
demands resulting from decreased available cargo storage space (e.g., creating fenced-
off areas for passenger safety and port security). 

 
4  State of Hawai‘i, Department of Transportation, Harbors Division, Maui District. 2006. Unpublished study conducted 

by the Maui District office to determine the berthing occupancy rate at Kahului Commercial Harbor. 
5  Other sources for delays may include inclement weather and ship maintenance enroute to a port. 
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LARGER CARGO AND CRUISE SHIPS. Economies of scale and 
advances in shipbuilding technology have directed a trend in 
the building of larger container and passenger ships. The 
largest container ship currently in service, the Emma Mærsk, 
is approximately 1,300 feet long, can be operated by a 
minimal crew of 13, and holds up to 11,000 TEU.
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6 For 
comparison, one of Matson Navigation’s newer ships, the MV 
Maunawili, has a capacity of 2,600 TEU. A larger container 
ship can create such additional demands on a port as: 

TEU, or twenty-foot 
equivalent unit, is a 
common measurement 
for a cargo container 8 
feet high by 8 feet wide 
by 20 feet long. One 20-
foot container equals 1 
TEU. One 40-foot 
container equals 2 TEU. 

• Longer berthing time (more containers to load and/or unload); 

• Need for more landside storage space to accommodate additional cargo and, 
potentially, more cargo handling equipment; 

• Need to upgrade/purchase/install cargo handling equipment to process more 
cargo; 

• Need to upgrade pier structures to accommodate the greater load of a berthed 
larger vessel, more containers, cargo, and handling equipment; 

• More labor to handle additional cargo; and 

• Need to dredge the harbor to accommodate vessels with deeper drafts and/or 
larger turning basin requirements. 

The modern cruise vessel has grown along with its industry. 
With larger ships, cruise ship ports-of-call may change to 
meet the challenges presented by the next generation of 
vessels. Port enhancements could include pier extensions, 
new piers, additional landside facilities for passenger comfort 
(covered waiting areas, parking, shuttles, infrastructure 
upgrades), and dredging. Currently, the Pride of Hawaii7 is 
the largest cruise ship that regularly calls at Kahului 
Commercial Harbor. It has a length overall (LOA) of 965 feet, 
vessel draft of 27 feet, and passenger capacity (lower berths) 
of 2,466. 

Lower berth refers to 
the average number of 
guest beds on a cruise 
ship. This is calculated 
by multiplying the 
number of guest cabins 
by two beds per cabin. 

NEW CARGOES. State law requires the use of biofuels and a 
steady increase over time in the use of such fuels. This has 
encouraged companies to invest in this emerging industry. As alternative fuels cannot 

The actual number of 
beds may vary per cabin 
because it is possible 
that cabins could have 
more or fewer than two 
beds. 

 
6  The Emma Mærsk’s typical cargo capacity is between 13,500 and 14,500 TEU. The difference is due to the way the 

Mærsk Company calculates capacity by using the number of 20-foot containers with a weight of 14 tons. The standard 
TEU measurement is independent of the weight of the container. 

7  The Pride of Hawaii is scheduled to leave the Hawai‘i service in 2008. 
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share transmission pipelines with petroleum products, importation of biofuel feedstock 
or new fuels, or export of biofuels, would require additional infrastructure. 
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1.5 SCOPE OF MASTER PLAN AND EIS 

The EIS evaluates the potential impacts of the Proposed Action and reasonable 
alternatives presented in the 2030 Master Plan, including no action, as required by 
NEPA and Chapter 343. As part of the analysis for the 2030 Master Plan, estimates 
were made of additional land areas needed to support future commercial harbor 
activity. In this document, the two former A&B parcels (TMK 3-7-10: parcels 1 and 
36) are also included in the analysis. These parcels were acquired by DOT Harbors in 
December 2007. An EA evaluating impacts of the property acquisition was completed 
in 2006. Future land acquisitions, whether near the existing harbor or off-site, will 
need to be identified, negotiated, and subjected to a separate environmental review. 

Related documents cover actions that are part of the context for the Master Plan and 
EIS. First, improvements proposed in the 2025 Master Plan and evaluated in the 
November 2005 Final Environmental Assessment and Finding of No Significant 
Impact 2025 Master Plan Improvements Kahului Commercial Harbor (2025 Master 
Plan EA)8 are excluded from the analysis. The following projects were identified as 
existing, planned, or incorporated into the aforementioned EA: 

• Sewer line and comfort station improvements. 

• Pier 1D extension. 

• Pier 1 water line. 

• Pier 3 expansion and Pier 4 construction, including dredging. 

• Pu‘unēnē Cargo Yard and access bridge. 

These projects are considered part of the existing conditions for the purpose of the EIS 
evaluation and are included in the No Action alternative (refer to Chapter 4). In 
August 2007, a revised traffic analysis9 for the 2025 Master Plan EA was started. It is 
expected to be completed in 2008. 

Next, HSF began regular operations in December 2007 under conditions specified by 
the Hawai‘i State Legislature and the Governor. Act 2, passed in Special Session of the 
Hawai‘i Legislature and signed by Governor Lingle on November 4, 2007, mandates 

 
8  State of Hawai‘i, Department of Transportation, Harbors Division. November 2005. Final Environmental Assessment 

and Finding of No Significant Impact 2025, Master Plan Improvements, Kahului Commercial Harbor. Job H.C. 3334. 
9  In July 2007, Judge Joel August of the Third Circuit Court ruled that the 2025 Master Plan EA was acceptable except 

that the traffic analysis portion was found deficient. The traffic analysis is being expanded in a supplemental EA. 
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the preparation of an EIS “regarding commercial harbor improvements undertaken to 
accommodate a large capacity ferry vessel company and its operations.” That EIS will 
evaluate impacts of the barge located at the end of Pier 2 and other facilities and 
arrangements that have been put in place for HSF operations. It will further deal with 
impacts of HSF operations, both on Maui and elsewhere. 
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In light of these circumstances, facilities, operations and impacts associated with a 
single “large passenger vessel” are germane to this EIS only as part of the current and 
future context in which impacts are assessed. The current operations of Alakai, the 
first HSF ship, are considered existing conditions for the purposes of the analysis in 
this document; its impacts are being evaluated under separate study.  

1.6 PUBLIC INVOLVEMENT PROCESS 

Both NEPA and HRS 343 require that potential impacts and issues be disclosed to 
affected agencies and the public. The implementing rules specify public notification 
and review periods during EIS preparation. Public involvement starts with scoping 
and continues though mandated review and comment periods for the EIS document. 

The objectives of the scoping phase established in federal regulations are as follows: 

• Identify the actions and alternatives and refine the list of alternatives to be 
focused on in the EIS. 

• Determine the scope of issues to be addressed. 

• Identify significant issues related to the proposed action. 

• Invite participation by the public. 

• Eliminate from detailed study matters not significant or covered by prior 
reviews. 

• Indicate related environmental assessments being prepared that are not part of 
the EIS. 

• Define the EIS schedule and project decisions. 

In addition, Chapter 343 requires: 

• Identification of agencies, citizen groups, and individuals consulted during the 
EIS process. 
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• Public notification published in a periodic bulletin (the State Office of 
Environmental Quality Control [OEQC] publishes The Environmental Notice 
twice a month). 
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The following activities were carried out to meet the above objectives: 

• MARAD published a public scoping meeting announcement and Notice of 
Intent (NOI) to prepare an EIS. The announcement was published in the 
Federal Register, Volume 71, No. 3 (71 FR 3) on November 2, 2006.10 
(Appendix B). Publication in the Federal Register initiated the 30-day public 
comment period required by Council on Environmental Quality (CEQ) 
regulations. 

• DOT Harbors and MARAD held a public scoping meeting on January 10, 
2007, at Kahului Elementary School. The purpose of the meeting was to 
receive comments on issues and concerns in order to provide focus to the EIS. 

• DOT Harbors published an EIS preparation notice (EISPN) in OEQC’s March 
8, 2007, edition of The Environmental Notice. Copies of the EISPN were sent 
to 170 potentially interested parties. This initiated the 30-day public comment 
period required by Chapter 343. 

A complete list of the comments received at the November scoping meeting is 
included in Appendix B and the comment letters received during the EISPN comment 
period are provided in Appendix F. Table 1-1 summarizes potential impacts disclosed 
in this EIS. 

 

 
10  71 FR 3. November 3, 2006. Maritime Administration Intent to Prepare and Environmental Impact Statement (EIS). 

pp 64756–64757. 
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1.7 SUMMARY OF POTENTIAL IMPACTS AND MITIGATION 1 

2 

3 

Table 1-1 summarizes potential impacts disclosed in this EIS. 

Table 1-1.  Summary of Impacts by Resource Area 

Proposed Action (Alternative A) Alternative B No Action Alternative Impacts to 
Resource 

Areas Direct  Indirect  SI?* Direct  Indirect  SI? Direct  Indirect  SI? 
Air Quality  Short-term fugitive dust 

and emissions from 
construction equipment 

Increased emissions 
from additional vessel 
calls  

No Short-term fugitive dust 
and emissions from 
construction equipment 

Increased emissions 
from additional vessel 
calls  

No None Increased 
emissions from 
additional vessel 
calls  

No 

Physical 
Oceanography 

Potential changes to 
long shore currents 
from breakwater 
construction 

None No Potential changes to 
long shore currents from 
breakwater construction 

Potential contributions 
to changes in shoreline 
erosion patterns 

No None None No 

Marine Biota Loss of coral habitat 
through dredging, filling; 
temporary increase in 
sedimentation in area of 
dredging 

Additional habitat for 
coral growth from 
breakwaters; 
potential for 
sedimentation 

Yes/
mitig 

Loss of coral habitat 
through dredging, filling;  
potential for 
sedimentation in area of 
dredging 

Additional habitat for 
coral growth from 
breakwaters 
(beneficial) 

Yes/ 
mitig 

None None No 

Terrestrial Flora 
and Fauna 

Minor grubbing or 
clearing of vegetation 
on WBW; grubbing/ 
clearing at dredged 
material upland disposal 
site 

None No Minor grubbing or 
clearing of vegetation on 
WBW; grubbing/ clearing 
at dredged material 
upland disposal site 

None No None None No 

Sensitive 
Environments 

 Loss of beach area, 
increase in winter wave 
impact 

None  No  Loss of beach area, 
increase in winter wave 
impact 

None  No None None No 

Geology, 
Topography, and 
Soils 

Minor grading on WBW None No Minor grading on WBW None No None None No 

Groundwater and 
Surface Water 

Temporary turbidity in 
area of dredging 

None No Temporary turbidity in 
area of dredging 

None No None None No 

 1-13  



ER 1  KAHULUI COMMERCIAL HARBOR 2030 MASTER P
 AND NEED  DRAFT ENVIRONMENTAL IMPACT STATEM

LAN 
ENT 

 1-14  

Proposed Action (Alternative A) Alternative B No Action Alternative Impacts to 
Resource 

Areas Direct  Indirect  SI?* Direct  Indirect  SI? Direct  Indirect  SI? 
Socio-economics Ease harbor 

congestion, additional 
jobs (beneficial) 

Accommodate 
anticipated future 
harbor demand 
(beneficial) 

No Ease harbor congestion, 
additional jobs 
(beneficial) 

Accommodate 
anticipated future 
harbor demand 
(beneficial) 

No Increased 
transportation 
costs/ time, 
impacts on 
emergency 
response 

Slower potential 
economic 
growth 

Yes 

Traffic Additional 5 to 15 
percent contribution to 
projected 2030 traffic 
conditions 

None No Additional 3 to 10 
percent contribution to 
projected 2030 traffic 
conditions 

None No Unacceptable 
LOS in 2030 

None Yes 

Public Services 
and Infrastructure 

New infrastructure at 
WBW 

None No New infrastructure at 
WBW 

None No None None No 

Noise Short-term, temporary 
construction noise 

None No Short-term, temporary 
construction noise 

None No Short-term, 
temporary 
construction 
noise from 
already 
programmed 
projects 

None No 

Archaeology None None No None None No None None No 
Cultural and 
Historic 
Resources 

None None No None None No None None No 

Visual and 
Aesthetic 
Resources 

None None No None None No None None No 

Recreational 
Resources 

Shoreline use, surf sites 
eliminated 

None Yes Shoreline use, surf sites 
eliminated, canoe 
regatta disrupted 

None Yes None None No 

Notes: SI? =Significant Impact; Yes/Mitig = significant but can be mitigated to less than significant; WBW = West Breakwater Harbor Development 
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1.8 LAWS, EXECUTIVE ORDERS, GOVERNMENT 
PERMITS AND APPROVALS 
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This EIS satisfies the requirements of NEPA, HRS Chapter 343, and the Department 
of Transportation Act of 1966 (Section 4[f]) and their implementing regulations. In 
addition, several additional federal and state laws, EOs, permits and consultations 
identified during the scoping/preconsultation process and development of this 
document that must be considered during this EIS are identified in this section. This is 
not intended to be an exhaustive listing of permits and approvals. 

1.8.1 National Environmental Policy Act 
This EIS was prepared in compliance with NEPA (42 United States Code 
[USC] §4321, et seq.) as implemented by the CEQ regulations (40 Code of Federal 
Regulations [CFR] Parts 1500–1508). This EIS discloses the potential impacts of the 
Proposed Action and reasonable alternatives and identifies possible mitigation 
measures for impacts determined to be significant.  

1.8.2 Hawai‘i Revised Statutes Chapter 343 
HRS Chapter 343, Hawai‘i’s environmental impact statement law, was patterned after 
NEPA, and requires the preparation of environmental assessments or environmental 
impact statements for projects using state land or funds.  

1.8.3 U.S. Department of Transportation Act (Section 4[f]) 
The USDOT Act of 1966 (49 USC §303, referred to as Section 4[f]), is applicable 
because of the possible use of MARAD funding. Section 4(f) requires evaluation of 
federal transportation projects that use public parks or recreation areas or historic sites. 
It provides for USDOT policy on lands, wildlife and waterfowl refuges, and historic 
sites. USDOT must consider avoidance, minimization, and mitigation or enhancement 
measures for impacts of a transportation project on these resources.  

1.8.4 National Historic Preservation Act 
The National Historic Preservation Act (NHPA) of 1966, as amended (16 USC §470), 
recognizes the nation’s historic heritage and establishes a national policy for the 
preservation of historic properties as well as the National Register of Historic Places 
(NRHP). Section 106 of the NHPA requires federal agencies to take into account the 
effects of federal undertakings on historic properties, and affords the Advisory Council 
on Historic Preservation (ACHP) a reasonable opportunity to comment on such 
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undertakings. The Section 106 process, as defined in 36 CFR §800, provides for the 
identification and evaluation of historic properties for determining the effects of 
undertakings on such properties, and for developing ways to resolve adverse effects in 
consultation with consulting parties. 
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1.8.5 HRS Chapter 6E, Historic Preservation 
HRS Chapter 6E-8 states that “[b]efore any agency or officer of the state or its 
political subdivisions commences any  project which may affect historic property, 
aviation artifact, or a burial site, the agency or officer shall advise the department 
[Department of Land and Natural Resources, State Historic Preservation Division] and 
allow the department an opportunity for review of the effect of the proposed project on 
historic properties, aviation artifacts, or burial sites … especially those listed on the 
Hawaii register of historic places. The proposed project shall not be commenced, or in 
the event it has already begun, continued, until the department shall have given its 
written concurrence.” The State Historic Preservation Division is provided an oppor-
tunity to review and comment on the Draft EIS for this Master Plan. 

1.8.6 Coastal Zone Management Act 
The purpose of the Coastal Zone Management Act (CZMA) of 1972 
(16 USC §1451 et seq.) is to encourage coastal states to manage and conserve coastal 
areas as a unique, irreplaceable resource. To the maximum extent practicable, federal 
actions affecting land/water use or coastal zone natural resources must be consistent 
with the enforceable policies of an approved state coastal zone management program. 
The CZMA requires a consistency determination from the Department of Business, 
Economic Development and Tourism (DBEDT) for actions within the coastal zone, as 
defined by HRS §205A-1. Coastal zone management (CZM) consistency deter-
minations are not required for actions on federal property that would not have 
reasonably foreseeable direct or indirect effects on any use of or resource in the 
coastal zone. 

1.8.7 Endangered Species Act 
The Federal Endangered Species Act (ESA) of 1973 (16 USC §1531 et seq.) esta-
blishes a process for identifying and listing threatened and endangered species. It 
requires federal agencies to carry out programs for the conservation of federally listed 
endangered and threatened plants and wildlife and designated critical habitats for such 
species, and prohibits actions by federal agencies that would likely jeopardize the 
continued existence of those species or result in the destruction or adverse modifi-
cation of designated critical habitat. Section 7 of the ESA requires consultations with 
federal wildlife management agencies on actions that may affect listed species or 
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designated critical habitat. Section 9 of the ESA prohibits the “taking” (through harm 
or harassment) of endangered species without an agency-issued permit.  
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1.8.8 Clean Water Act 
The Clean Water Act (CWA) of 1977, as amended (33 USC §1251 et seq.), is the 
major federal legislation concerning improvement of the nation’s water resources. The 
CWA amended the Federal Water Pollution Control Act and requires federal agency 
consistency with state nonpoint source pollution abatement plans. Amended in 1987, 
the CWA strengthens enforcement mechanisms and regulations for stormwater runoff, 
providing for the development of industrial and municipal wastewater treatment 
standard, and a permitting system to control wastewater discharges to surface waters.  

CWA SECTION 402. Discharges of point sources of pollutants into surface waters of 
the U.S. are controlled under the National Pollutant Discharge Elimination System 
(NPDES) program, pursuant to section 402 of the CWA. Pursuant to the CWA and 
amendments, states may be authorized to administer permit programs. The Hawai‘i 
Department of Health (DOH), Clean Water Branch, under Hawai‘i Administrative 
Rules (HAR) 11-55, administers the NPDES program in Hawai‘i. Requirements for 
NPDES permit coverage are triggered for construction activities of one acre or greater, 
and industrial activities which fall under applicable North American Industrial 
Classification System (NAICS) codes.  

CWA SECTION 401 AND 404. CWA Section 404 defines requirements for discharges in 
navigable waters of the U.S. and sets limits on the discharge of dredged or fill material 
into navigable waters. Permit approval is through the U.S. Army Corps of Engineers 
(USACE). Dredging activities trigger the need for a Section 404 permit. For projects 
which require a Section 404 permit, a Section 401 Water Quality Certification (WQC) 
is also required. The WQC application is submitted to the Hawai‘i DOH. If USACE 
determines that a Clean Water Act Section 404 Individual Permit is required for 
dredging or pier or breakwater construction, only the Least Environmentally 
Damaging Practicable Alternative (LEDPA) would be permitted pursuant to the 
404(b)(1) Guidelines (40 CFR Part 230).  

1.8.9 Clean Air Act 
The Clean Air Act (CAA) and amendments (42 USC §7401 et seq.) comprise the 
comprehensive federal law that regulates air emissions from area, stationary, and 
mobile sources. This law authorizes the U.S. Environmental Protection Agency (EPA) 
to establish National Ambient Air Quality Standards (NAAQS) to protect public 
health and the environment. Pursuant to the CAA and amendments, state-operated 
permit programs serve to control emissions. In Hawai‘i, the state operating permit 
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program is implemented by the DOH, and emissions of regulated air pollutants within 
the state may be subject to permitting as required under HAR 11-60.1.  
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1.8.10 Marine Mammal Protection Act 
The Marine Mammal Protection Act (MMPA) of 1972 (16 USC §31), as amended, 
prohibits (with exceptions) the taking (i.e., harassment, hunting, capture or killing, or 
attempting to harass, hunt, capture or kill) of marine mammals in waters of the U.S. 
The implementing regulations at 50 CFR 216 identify definitions, prohibitions, 
exceptions, permit restrictions, and conditions associated with the MMPA.  

1.8.11 Magnuson-Stevens Fishery Conservation and Management 
Act 
The Magnuson-Stevens Fishery Conservation and Management Act (16 USC §1801 et 
al.), as amended (Public Law 94-265), provides for the protection and management of 
fisheries. Specifically, the Act requires that fishery management plans identify as 
essential fish habitat (EFH) those areas that are necessary to fish for their basic life 
functions. EFH is defined as “...those waters and substrate necessary to fish for 
spawning, breeding, feeding, or growth to maturity.” 

The Magnuson-Stevens Act requires the National oceanic and Atmospheric 
Administration (NOAA) National Marine Fisheries Service (NMFS) and regional 
fishery management councils to minimize, to the extent practicable, adverse effects to 
EFH caused by fishing activities. The Act also requires federal agencies to consult 
with NMFS about actions that could damage EFH. EFH can consist of both the water 
column and the underlying surface (e.g., seafloor) of a particular area. Areas 
designated as EFH contain habitat essential to the long-term survival and health of the 
nation’s fisheries. 

1.8.12 Fish and Wildlife Coordination Act 
The Fish and Wildlife Coordination Act (FWCA), as amended (16 USC §661 et seq.), 
provides the U.S Fish and Wildlife Service (USFWS) the authority to evaluate impacts 
to fish and wildlife resources from development projects and requires federal agencies 
implementing development projects to consult with the USFWS and appropriate 
resource management agencies regarding impacts and development of mitigation 
measures.  
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1.8.13 Migratory Bird Treaty Act 1 
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The Migratory Bird Treaty Act of 1918, as amended (16 USC §703 et seq.), 
establishes protections for migratory birds and prohibitions including those related to 
activities which “pursue, hunt, take, capture, kill, attempt to take, capture or kill, 
possess, offer for sale, sell, offer to purchase, purchase, deliver for shipment, ship, 
cause to be shipped, deliver for transportation, transport, cause to be transported, carry, 
or cause to be carried by any means whatever, receive for shipment, transportation or 
carriage, or export…” unless permitted by regulations. 

1.8.14 Rivers and Harbors Act, Section 10 
The Rivers and Harbors Act of 1899, Section 10, requires a USACE permit for 
activities which obstruct or alter navigable waters of the U.S. or modify the course, 
location, condition, or capacity of a port, harbor, refuge, or enclosure within the limits 
of a breakwater or of the channel of navigable waters.  

1.8.15 Compliance with Executive Orders 

1.8.15.1 EO 12898, Environmental Justice in Minority Populations and Low 
Income Populations 

EO 12898 (11 February 1994) requires federal agencies to identify and address the 
potential for disproportionately high and adverse human health or environmental 
effects of their actions on minority and low-income populations. Section 6.9 of this 
EIS describes how the alternatives address environmental justice. 

1.8.15.2 EO 13045, Protection of Children from Environmental Health Risks and 
Safety Risks 

EO 13045 (21 April 1997) requires federal agencies to identify and assess environ-
mental health and safety risks that may disproportionately affect children. As part of 
the socio-economic evaluation of the alternatives, Section 6.9 of this EIS describes 
potential health and safety risks. 

1.8.15.3 EO 13089 Protection of Coral Reefs 

EO 13089 (11 June 1998) requires federal agencies whose actions may affect U.S. 
coral reefs to identify the actions, protect and enhance the conditions of such 
ecosystems, and ensure to the extent permitted by law that actions authorized, funded, 
or carried out would not degrade the conditions of such ecosystems. Section 6.4 
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identifies coral reef impacts from the alternatives and discusses potential mitigation 
measures to be considered in protection of coral reefs to comply with this EO. 

1 
2 

3 

4 
5 
6 
7 
8 

9 

10 
11 
12 
13 
14 
15 
16 

17 

18 
19 
20 

21 
22 
23 
24 

25 
26 

27 
28 

29 

30 
31 

1.8.15.4 EO 13112 Invasive Species 

EO 13112 (10 January 2001) requires federal agencies whose actions may affect the 
status of invasive species to identify those actions and not authorize, fund, or carry out 
actions that the agency believes would cause or promote the introduction or spread of 
invasive species. Sections 2.3 and 6.4 identify management measures in place to 
prevent or minimize the impacts from the alternatives on invasive species. 

1.8.15.5 EO 11988 Floodplain Management 

EO 11988 (24 May 1977) establishes a multi-step review process that seeks to avoid, 
to the maximum extent possible, long- and short-term adverse impacts associated with 
the occupancy and modifications of structures located in floodplains, wherever there is 
a practicable alternative. Each agency is required to evaluate the potential effects of 
any actions it may take in a floodplain to ensure that its planning and budget requests 
reflect consideration of flood hazards and floodplain management. The EO requires 
federal agencies to: 

• Determine whether the proposed action will occur in a floodplain; 

• Consider alternatives to avoid adverse effects and incompatible development 
in the floodplains if an agency has determined to or proposes to conduct, 
support, or allow an action to be located in a floodplain; 

• Design or modify its action to minimize potential harm and prepare and 
circulate a notice containing an explanation of why the action is proposed to 
be located in the floodplain if the head of the agency finds that the only 
practicable alternative requires siting in a floodplain; and 

• Provide opportunities for early public review of any plans or proposals for 
actions in floodplains. 

Section 6.6 describes measures for complying with development standards for 
construction in the flood plain. 

1.8.16 List of Required Environmental Permits and Consultations 
Government consultations and permits that may be required under the Proposed 
Action and alternatives and identified during development of this document include: 
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• ESA Section 7 consultation (USFWS, NMFS), 

• CZM consistency determination (DBEDT),  

• NHPA Section 106 consultation (SHPD), 

• FWCA consultation (USFWS), 

• CWA Section 404 permit (USACE, HDOH),  

• CWA Section 401 WQC (HDOH, USEPA), 

• Rivers and Harbors Act, Section 10 permit (USACE), and 

• NPDES permit for construction activities (HDOH). 

Section 6.16 of this EIS presents the evaluation of impacts under USDOT Act Section 
4(f). Correspondence provided in Appendix F identifies the steps being undertaken as 
part of an ESA Section 7 consultation. CZM consistency determination will be 
required when specific federal funding sources are identified., and NHPA Section 106 
consultation will be conducted prior to finalizing the EIS. Permits will be obtained 
prior to specific applicable project activities. According to the Hawai‘i CZM program, 
CZM federal consistency review is to be conducted after specific funding sources 
have been identified.11

 
11  Personal communication. Mr. John Nakagawa, Hawai‘i CZM Program and Belt Collins Hawaii. September 27, 2007. 
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2.1 EXISTING HARBOR FACILITIES 

Kahului Commercial Harbor consists of two distinct operational areas: the east side 
serves as the main commercial operational area, while the west side’s importance for 
commercial use is only as a breakwater, helping to protect the harbor from swells. 
Commercial operations are currently limited to approximately 50 acres on the east 
side of the harbor, where there are three major berthing facilities (Piers 1, 2, and 3) 
with storage areas, warehouses, harbor offices, and tenant buildings (Figure 2-1). 

Pier 1 was constructed in stages in 1921, 1928, and 1955, 
and was extended (Pier 1C) another 300 feet in 2003.1 A 
single mooring dolphin (see sidebar) and catwalk improve-
ment were added to Pier 1C and completed in 2005.2 This 
dolphin system provides an additional bollard located 225 
feet off from Pier 1C and is used to secure large vessels 
that extend beyond Pier 1C. Pier 1 itself consists of a 
reinforced concrete deck partially supported on concrete 
piles and partially supported on fill, with an apron width of 
31 feet. The design load of Pier 1 is 500 pounds per square 
foot (psf). The total berthing space of the pier is 1,658 feet, 
and the mooring dolphin is located 225 feet off its seaward 
end. The nominal water depth at Pier 1 is 35 feet. Behind the pier is a shed approxi-
mately 374 feet long by 132 feet wide with a footprint of 1.1 acres. The shed is used 
as a passenger terminal and for equipment storage. Pier 1 includes approximately 
17.6 acres of paved areas for cargo operations, circulation, and parking. Additional 
facilities on Pier 1 include transmission pipelines for gasoline, kerosene, diesel, fuel 
oil, and molasses, and a conveyor for sugar. In July 2007, the overseas container 
operator completed the installation of a 150-foot-tall mobile crane. 

mooring dolphin: an 
isolated cluster of piles 
used as support of 
mooring devices such 
as a bollard. 

nominal water depth: 
a rounded average of 
how deep the water is 
for a given area. 

 
1  The 300-foot extension to Pier 1C was originally intended to allow multiple cruise ships to berth simultaneously. 

Design for the extension began in 2000. State of Hawai‘i, Department of Transportation. 2003. Report to the Governor 
2003. 

2  Funding for the dolphin was provided by the Matson Navigation Company under Hawai‘i Revised Statutes (HRS) 
Section 266-19.5 Private Financing of Harbor Improvements. An Environmental Assessment (EA) for the mooring 
dolphin was completed in 2004. 
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Pier 2 was constructed in stages in 1926, 1928, and 1963. The length along the 
northeast face of Pier 2 is 894 feet, and the width along the northwest face is 290 
feet, for a total available berthing space of 1,184 feet. The southwest side of Pier 2 is 
not used for berthing vessels. A portion of the pier (42 percent) consists of a 
reinforced concrete deck supported on concrete piles, and the remainder of the pier 
(58 percent) is on fill. The original design load of Pier 2 was 500 psf. However, a 
300-foot portion of the pier was strengthened to 1,000 psf to support heavy-lift cargo 
operations. The nominal water depth along the pier varies from 27 to 32 feet. 
Various sheds were constructed on Pier 2 in 1927, 1970, and 1973, but all have since 
been demolished. Backlands for Piers 2 and 3 are combined and total about 20.9 
acres of paved surface for cargo operations, ferry operations, circulation, and cement 
storage. Additional facilities on Pier 2 include transmission pipelines for cement and 
propane. Cement is stored in privately owned silos located landside near the corner 
of Piers 2 and 3. 
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Pier 3 is situated between and perpendicular to Piers 1 and 2. Constructed in 1979, it 
consists of a reinforced concrete deck supported partially on concrete piles and 
partially on fill, with an apron width that varies from 36 feet to 44 feet. The pier is 
500 feet long and has a design load of 1,000 psf. The nominal water depth at Pier 3 
is only 18 feet, which limits its ability to berth larger or fully-loaded vessels. 
Additional facilities on Pier 3 include transmission pipelines for gasoline, jet fuel, 
fuel oil, and ethanol. 

Tugboats ranging in length from 80 feet to 135 feet frequent Kahului Commercial 
Harbor. Tugboats operating on daily runs generally berth at available locations on 
Piers 1, 2, or 3. Two assist tugs stationed at the harbor generally moor at the tugboat 
pier located adjacent to Pier 3. 

Other facilities in the harbor include the administration area (2.1 acres), an auto 
storage yard (3.9 acres), privately owned vehicle (POV) parking (0.4 acres), and 
other unspecified areas (0.6 acres). Supporting facilities at the port, adjacent to 
facilities owned by the State of Hawai‘i, Department of Transportation (DOT), 
Harbors Division (DOT Harbors), include storage tanks for fuel, cement, and 
molasses, as well as sugar processing and storage warehouses. 

The major streets in the vicinity of the harbor are Ka‘ahumanu Avenue, Pu‘unēnē 
Avenue, Hobron Avenue, and Hāna Highway. Other surface streets include Wharf 
Street and Ala Luina Street.3 Hāna Highway and Ka‘ahumanu Avenue function as 
the major roadways in the area, serving both regional and local vehicular traffic. 

 
 

3  Ala Luina Street is a limited-access roadway within the harbor. Since February 2007, it has been closed to general 
traffic. 
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In July 2006, DOT Harbors completed an Environmental Assessment (EA) for 
acquiring two parcels from Alexander and Baldwin Properties (A&B Properties). 
Acquisition was finalized in December 2007. These properties are described as Tax 
Map Key (TMK) 3-7-10: Parcels 1 and 36. Parcel 1 is approximately 1.8 acres, and 
Parcel 36 is approximately 2.16 acres, totaling 3.96 acres. Parcel 36 has three 
detached single-story retail/office structures. The structure facing Ka‘ahumanu 
Avenue is the Kahului Railroad Building. The other two structures are wings 
extending seawards behind it. Parcel 1 has a two-story retail/office structure 
commonly known as the “Old Kahului Store.” 

Navigation Improvements 

Kahului Commercial Harbor is a man-made port, 
dredged from naturally occurring Kahului Bay. The 
harbor has a long history of development, including 
construction of breakwaters and harbor dredging 
dating back to the early 1900s. The harbor basin has 
been widened and deepened at various times to reduce 
navigational hazards due to increased traffic within 
the harbor and to accommodate larger vessels. 
Presently, the harbor basin is 2,050 feet wide by 2,400 
feet long and has a project depth of 35 feet. The 
harbor is protected by two large breakwaters with an 
opening to the north. The entrance channel between 
the breakwaters is 660 feet wide and 40 feet deep 
(Figure 2-2). The breakwaters are armored with 
concrete tetrapods weighing up to 35 tons on the trunk and 50 tons on the head. 

tetrapod: a bank 
protection element, 
precast of concrete, 
consisting of four legs 
joined at a central 
block, each leg making 
an angle of 109.5 
degrees with the other 
three, like rays from the 
center of a tetrahedron 
to the center of each 
face. 4

 
4  International Erosion Control Association Resource website. 2007. 

www.ieca.org/Resources/Reference/DefinitionsTZ.asp. Accessed September 14, 2007. 
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2.2 EXISTING HARBOR OPERATIONS 1 

2 
3 
4 
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Table 2-1 summarizes the cargo and passenger throughput5 for fiscal year 2005 
(FY05). Cargo categories are explained in Section 2.2.1. Cargo and passenger 
throughput is further analyzed in Chapter 3. 

Table 2-1.  Summary of FY05 Cargo and Passenger Throughput 

Category Cargo Units Import Export Total 

Containers  TEU 71,360 55,240 126,600 
Vehicles  tons 96,645 60,314 156,959 
Break-Bulk Lumber tons 6,473 411 6,884 
 Produce tons 12,752 7,405 20,157 
 Livestock tons 137 69 206 
 Other Break-Bulk tons 195,928 64,886 260,814 
 TOTAL Break-Bulk tons   288,061 
Dry-Bulk Sugar tons  190,192 190,192 
 Cement tons 57,570  57,570 
 Scrap Metal tons  6,525 6,525 
 Sand/Gravel tons 5,862 377,218 383,080 
 Coal tons 69,130  69,130 
 TOTAL Dry-Bulk tons   706,497 
Liquid-Bulk Jet Fuel tons 200,445  200,445 
 Gasoline tons 252,349  252,349 
 Diesel tons 288,211 676 288,887 
 Liquefied Petroleum Gas 

(LPG) 
tons 15,403 420 15,823 

 Fuel Oil tons 95,291  95,291 
  Total Petroleum tons 851,699 1,096 852,795 
 Molasses tons  70,189 70,189 
 Chemicals tons 3,948  3,948 
 TOTAL Liquid-Bulk tons   926,932 
Cruise 
Passengers 

 each   147,450 

TEU = Twenty-foot equivalent unit. 6 
7 

                                                

 

 
5  Throughput is defined as the amount of cargo, vehicles, and passengers that is handled/processed by commercial harbor 

operations. 
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Efficient handling of cargo involves close coordination between berthing activities 
and landside support facilities. Landside facility needs include sufficient space for 
loading and unloading at the pier, adequate backland storage space (open storage), 
internal roadways/aisles for circulation, and specialized facilities depending on the 
specific cargo being handled or stored, such as reefer plugs, conveyors, transmission 
pipelines, silos, or storage tanks. Figure 2-3 shows an overview of the current cargo 
and other operations at Kahului Commercial Harbor. 

2.2.1.1 Cargo Containers 

In general, overseas containers (i.e., containers that 
originate from outside Hawai‘i) are handled at Pier 1 
and inter-island containers are handled at Pier 2. Berth 
1C is used to load and unload container barges from 
Honolulu an average of twice per week. The 
Haleakala, the primary barge, serviced Kahului with 
85 calls in FY06,6 and the Mauna Loa made 17 calls. 
Both barges are 350 feet in length, typically contain 
165 to 170 containers, and are offloaded by cranes 
mounted on the barge. The 826-foot-long container 
vessel Lurline made 19 calls to Kahului in FY06. The 
containers range in size from 20 feet to 45 feet, with 
more than half 40 feet long (2.0 TEU). Overall, the 
container mix consists of approximately 33 percent in 
the 20- to 24-foot range and 67 percent in the 40- to 
45-foot range, for an average of approximately 1.7 
TEU/container. 

Approximately 15 acres are available for container 
handling and storage on Pier 1. The current Pier 1 
operator prefers an all-wheeled operation, and most of 
the loaded containers are mounted on chassis. 
However, many of the empty containers 
(approximately 70 percent) are grounded and stacked 
up to four high for greater storage density. Yard equipment includes one top pick and 
seven yard hustlers. There are also 32 reefer plugs in the yard and 35 additional 
reefer outlets served by diesel generators. 

chassis: wheeled 
frame for a container. 

grounded 
(containers): storing 
containers without 
chassis, directly on the 
ground. 

top pick: vehicle used 
to lift and set 
containers. 

yard hustler: a small 
utility truck used to 
move containers within 
a cargo terminal. 

reefer: a temperature 
controlled (refrigerated) 
container. 

reefer plug: electrical 
power outlet for 
reefers. 

 
6  Fiscal year for DOT Harbors is from July 1 through June 30. 
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Berth 2A is used to load and unload containers from barges up to six times per week. 
The terminal operator employs a number of different barges. The Kukahi is the 
primary barge with 148 calls in FY06, and the Timberjack made 57 calls in FY06. 
Typical barge loads consist of 170 containers, with 80 in the 40-foot range and 90 in 
the 20-foot range, for an average of 1.5 TEU/container. Reefers account for approxi-
mately 25 percent of the total container count.
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7

A combined storage area serves both Piers 2 and 3. The total area is approximately 
15.3 acres with sufficient space for 153 chassis parking spots, 112 grounded 20-foot 
containers, and 92 grounded 40-foot containers. The Pier 2/3 area includes 40 reefer 
plugs. 

The total container throughput in FY05 was 126,600 TEU, which represents an 
increase of approximately nine percent compared to FY04. Of the loaded containers, 
imports account for 81 percent of the total and exports account for 19 percent. 
Imported empty containers account for only four percent of the total empties; 
exported empties account for 96 percent. 

2.2.1.2 Vehicles 

Roll-on/roll-off (RO/RO) barges are used at Berth 1C for unloading vehicles, which 
are taken directly to a remote storage lot. The Waialeale had 44 calls in FY06, and 
the Great Land made 19 calls, for an average of 1.2 calls per week. Berth 1C is also 
used by the Jean Anne for unloading vehicles, which are also taken to a remote lot. 
The Jean Anne made 26 calls in FY06, for an average of 0.5 calls per week. Berth 
2B is also used by RO/RO barges to unload vehicles. The Pier 2/3 area contains 
storage space for 36 vehicles. 

The total throughput for vehicles in FY05 was 156,959 tons, including 95,645 tons 
imported (62 percent) and 60,314 tons exported (38 percent). 

 
7  Young Brothers, the current Pier 2 cargo operator, will be introducing four new, larger barges (the first having arrived 

in November 2007), to handle increasing cargo demand.  
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2.2.1.3 Break-Bulk 1 
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LCL shipments are 
shipments that do not 
completely fill a 
container. These 
shipments are 
typically placed on 
pallets (racks that can 
be moved by a fork 
lift) and may be 
combined with goods 
from multiple shippers 
in the same container. 

Break-bulk cargo at Kahului Commercial Harbor includes 
lumber, produce, livestock, and other unspecified cargo. 
These cargoes are distinguished from containers, RO/RO, 
and bulk cargo by the manner in which they are handled and 
stored. Break-bulk cargo is typically shipped in units, on 
pallets, or in bags, and often requires special handling or 
protection from the elements. The “other” category consists 
primarily of general merchandise. It is typically handled as 
less than container load (LCL) cargo. 

The total throughput for break-bulk cargo in FY05 was as 
follows: 

• Lumber—6,884 tons total, 6,473 tons import 

• Produce—20,157 tons total, 12,752 tons import 

• Livestock—206 tons total, 137 tons import 

• Other—260,814 tons total, 195,928 tons import 

2.2.1.4 Dry-Bulk 

Dry-bulk cargo includes sugar, cement, scrap metal, sand, and coal. Sugar is loaded 
at Berth 1A due to the location of the ship loader system. A total of 190,192 tons of 
sugar were exported in FY05. 

Cement is handled at Berth 2A and is loaded into silos in the Pier 2/3 yard area. The 
Punapau made 49 calls in FY06, for an average of nearly once per week. The total 
quantity of cement imported in FY05 was 57,570 tons. 

Scrap metal is exported primarily at Berth 3B and occasionally at Berth 1C. The 
Nohi made six calls in FY06 for an average of one every other month. The total 
amount exported in FY05 was 6,525 tons. 

Sand and gravel are exported primarily at Berth 3B, with Berth 1C being an 
alternate berth. The material is trucked in and loaded out by barge, so there is no on-
site storage required. The Ka‘ala made 92 calls in FY06 or approximately 1.8 calls 
per week. The total quantity exported in FY05 was 377,218 tons. DOT records also 
indicate that a total of 5,862 tons of sand were imported in FY05. The imported sand 
(premium sand) is used primarily for golf courses. 
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Coal is imported at Berth 1C and is taken off-site, therefore requiring no on-site 
storage. The total quantity of coal imported in FY05 was 69,130 tons. 
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2.2.1.5 Liquid-Bulk 

Liquid-bulk cargo includes jet fuel, gasoline, diesel, fuel oil, ethanol, liquefied 
petroleum gas (LPG), chemicals, and molasses. With the exception of molasses, 
liquid-bulk products are exclusively imports. Berth 1C is the only location for 
loading molasses, and a total of 70,189 tons were exported in FY05. LPG is 
unloaded at Berth 2A, which has a propane hatch. A total of 15,403 tons were 
imported in FY05. The remaining liquid-bulk operations are serviced at Berth 3B or 
Berth 1A. The total import quantities for FY05 were: 

• Jet fuel—200,445 tons 

• Gasoline—252,349 tons 

• Diesel—288,211 tons 

• Fuel Oil—95,291 tons 

• Chemicals—3,948 tons 

2.2.2 Passenger Operations 

2.2.2.1 Cruise Ships 

Cruise vessels currently berth at Berth 1A/1B. Approximately 50 percent of the 
existing Pier 1 shed is used for processing passengers, and the parking lot 
immediately east of the shed is used for buses, taxis, and rental cars. This area 
encompasses approximately 1.1 acres. In FY05, there were 24 foreign and 51 
domestic cruise ship calls, for a total of 75 calls, and a total of 147,450 passengers, 
or approximately 1,966 passengers per cruise ship. 

Call durations vary. Norwegian Cruise Line (NCL) America cruises, which begin 
and end in Hawai‘i, typically arrive in the morning, stay overnight, and leave the 
next evening. Ships from other cruise lines, which typically include Hawai‘i cruises 
on the way to or from cruising in Alaska, usually stay for a day. 

2.2.2.2 Inter-Island Ferry 

Regular ferry operations subject to Act 2 commenced in December 2007 at the end 
of Pier 2 (Berths 2B and 2C). Dedicated facilities are provided for access, parking, 

 2-14  



KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN  CHAPTER 2 
DRAFT ENVIRONMENTAL IMPACT STATEMENT  EXISTING COMMERCIAL HARBOR FACILITIES AND OPERATIONS 

and queuing of passengers and vehicles on the pier and areas fronting Ka‘ahumanu 
Avenue. An enlarged view of the ferry terminal at Pier 2 is shown in 
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Figure 2-4. 
Ferry operations at Pier 2 happen once per day, seven days per week—the vessel 
arrives from Honolulu Harbor, then returns to Honolulu Harbor.8 Ferry operations 
are expected to increase to two visits per day starting in 2009 with the addition of a 
second ferry ship. 

2.2.3 Summary of Pier Operations and Utilization 
The following are descriptions of operations at each pier. In general, berthing within 
the State’s commercial harbors is not permanently assigned. Vessels requesting to 
use the port are assigned berth space according to the availability of berths and 
required shoreside facilities. The following identifies primary cargoes generally 
assigned to each pier. 

2.2.3.1 Pier 1 

Pier 1 is a multi-use pier with three berths designated as 1A, 1B, and 1C. Pier 1 is 
the main pier used by large container vessels and cruise ships and can accommodate 
two large ships simultaneously. 

Table 2-2 summarizes the cargo types, uses, and storage locations for Pier 1. 

Table 2-2.  Pier 1 Operations 

Berth Cargo Type/Use 
Storage 
Location Remarks 

1A Fuel Offsite See Note 1 
1A/1B Sugar Export Conveyor from off-site warehouse 
 Cruise passengers Terminal  
1C Containers Yard  
 Autos/RO/RO Auto lot  
 Sand/Gravel Export Berth 3B is primary location 
 Coal Offsite Berth 1C is primary and only discharge berth 
 Livestock Yard  
 Molasses Export  
 Scrap Metal Export  
 OL/OW Yard Over length/over width 

Note 1: Berth 1A is used by double-hulled, fully-loaded fuel barges. While Berth 3B is the 
primary fuel berth, its use is limited by a water depth of 18 feet. 

19 
20 

                                                 
8  Hawaii Superferry. 2007. Routes and Schedules. www.hawaiisuperferry.com/main/faresroute/rtssched/default.aspx. 

Accessed November 6, 2007. The schedule is subject to approval by the Public Utilities Commission. 
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2.2.3.2 Pier 2 1 
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Pier 2 has three berths designated as 2A, 2B, and 2C. Berth 2A, the nearshore berth, 
is used for inter-island containers, RO/RO, LCL cargo, propane, cement, and 
livestock transport operations. Inter-island ferry vessels utilize Berth 2B, with 
occasional use by tugs or other vessels awaiting berths when not occupied by the 
ferry. Berth 2C is for inter-island ferry operations only, since the ramp barge used to 
access the ferry is moored there.  

Table 2-3 summarizes the cargo types/uses and storage locations for Pier 2. 

Table 2-3.  Pier 2 Operations 

Berth Cargo Type Storage Location Remarks 

2A Containers, RO/RO, LCL Yard  
 LPG (propane) Offsite  
 Cement Yard (silos) To be relocated 
 Livestock Yard  
2B Containers, RO/RO, LCL Yard  
 Inter-Island Ferry Yard See Note 1 
 Lay Berth Not applicable Various barges awaiting berths 
 General Berthing Not applicable Assist tugs, barge tugs 
2C Inter-island Ferry Ramp Barge Terminal See Notes 1 and 2 
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Note 1: Berth 2B is designated for inter-island ferry berthing. Barges may be restricted from 
all use. Tugs will be restricted to periods when not occupied by the ferry. 

Note 2: Berth 2C is designated for inter-island ferry use exclusively. 
 

2.2.3.3 Pier 3 

Adjacent and perpendicular to Pier 2, Pier 3 is 500 feet long. The water depth at Pier 
3 is only 18 feet, which limits the type of vessels using this pier. Pier 3 has only one 
berth, designated as berth 3B. Berth 3A is not used since it intersects with Berth 2A, 
which is the predominant berth. Berth 3B is used for unloading fuel, ethanol, 
containers, RO/RO, and exporting sand, gravel, and scrap metal. 

Table 2-4 summarizes the cargo types and storage locations for Pier 3. 

 2-17  



CHAPTER 2  KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN 
EXISTING COMMERCIAL HARBOR FACILITIES AND OPERATIONS  DRAFT ENVIRONMENTAL IMPACT STATEMENT 

Table 2-4.  Pier 3 Operations 1 

Berth Cargo Type 
Storage 
Location Remarks 

3B Liquid-Bulk Offsite Pumped to offsite location 
  Jet Fuel   
  Gasoline   
  Fuel Oil   
 Dry-Bulk   
  Scrap Metal Export  
  Lumber Yard  
  Produce Yard  
  Sand/Gravel Export Trucked in, load to barge 
  Other Bulk and Break-Bulk Varies  
 Containers/RO/RO/LCL Yard Alternate location 
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2.2.4 Pier Utilization 
For FY05 and FY06, a study was completed by DOT Harbors Maui District to 
evaluate utilization of Piers 1, 2, and 3.9 Based on detailed berthing records, this 
study noted the length of vessels and number of hours that each vessel was at berth, 
to arrive at a total number of berth-foot-hours used for each pier. This total was 
divided by the total length of the pier and total hours per year to determine the 
overall pier utilization. A summary of the results is shown in Table 2-5. 

Table 2-5.  Pier Utilization Summary (per year) 

 Pier 1 Pier 2 Pier 3 Total 
FY05 35% 34% 39% 35% 
FY06 47% 44% 49% 46% 
Difference (FY06-FY05) 12% 10% 10% 11% 
Percentage Increase over FY05 34% 29% 26% 31% 

Note: FY06 is from July 2005 to June 2006. 12 
13 
14 

                                                

 
 

 
9  State of Hawai‘i, Department of Transportation, Harbors Division, Maui District. 2006. Unpublished study conducted 

by the Maui District office to analyze the berthing occupancy rate at Kahului Commercial Harbor. 
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In order to achieve 100 percent utilization, all piers would need to serve the largest 
vessels they could 24 hours a day. The calculated rates are clearly high for a harbor 
that normally operates during daylight hours only. 
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For a similar comparison, the Hawai‘i Harbor Users Group’s report10 determined 
that Pier 1 (Berths 1A and 1B) had a berthing occupancy rate of 52 percent 
(approximately 12.5 hours per day) over a two-week sampling period. One result of 
a high occupancy rate is that scheduling berths for ships becomes more difficult and 
introduces inefficiencies. For example, incoming ships may have to wait for an 
available berth, additional time and labor may be needed to load and unload a 
vessel, already-berthed ships may have to leave the berth to make room for a higher-
priority cargo, or the berthing space assigned may not be the most appropriate or 
efficient to handle the ship’s cargo. 

2.3 EXISTING MANAGEMENT MEASURES 

Standard management practices are in place for DOT Harbors’ properties which may 
be affected by the activities proposed as part of the Kahului Commercial Harbor 
2030 Master Plan (2030 Master Plan). These management practices, which may be 
based on federal, state, or local laws, or on DOT Harbors’ policies, place constraints 
on activities for the purpose of protecting the natural environment, public safety, or 
other resources.  

2.3.1 In-water Construction Management Constraints 
There are several possible methods that may be considered for dredging activities 
proposed under the 2030 Master Plan alternatives; these are described further in 
Chapter 4. For each dredging method, management measures will be implemented 
as part of the activity to minimize potential impacts on the environment. 
Management measures for noise and air quality would be similar to those for on-
shore construction and are discussed in Section 2.3.2 below. Measures specific to in-
water work would include but not be limited to:  

WATER QUALITY. Dredge and fill (breakwater construction) activities contribute to 
resuspension of bottom sediments. Sediments suspended in the water column and 
associated turbidity (opaqueness of the water) are considered water quality 
pollutants. In addition, metals, nutrients, and other pollutants which may be present 
in bottom sediments could be introduced to the water column. Best Management 

 
10  Mercator Transport Group. December 2005. Hawaii Harbor Users Group Report on Port Facilities and Development 

Priorities. The methodology of the two studies differed slightly, so the difference between the rates cited in the two 
studies point to differences in approach, rather than in utilization levels.  
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Practices (BMPs), such as installation of silt curtains, will be implemented to 
contain the suspended material in the immediate area of dredge and fill activities 
until sediments re-settle. Federal and State permits required for work in waters of the 
United States and State waters require that BMPs be designed and programmed to 
the satisfaction of the regulatory agencies. 
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2.3.2 On-shore Construction Management Constraints 
On-shore construction management constraints include BMPs to control erosion, 
runoff, traffic congestion, noise, dust, emissions, and release of hazardous 
substances. Management constraints would be implemented as part of the proposed 
action to avoid or minimize potential impacts on the environment during 
construction. Measures would include but not be limited to: 

EROSION/RUNOFF. Construction activities may contribute to discharge of eroded 
soil particles, petroleum, and other pollutants which have the potential to affect 
surface water quality. BMPs such as structural controls (i.e., installation of silt fence) 
and engineering controls (i.e., construction phasing) are currently implemented to 
comply with federal (Clean Water Act [CWA] Section 402 National Pollutant 
Discharge Elimination System [NPDES]) and State (Hawai‘i Revised Statutes 
[HRS] Chapter 342D, Water Pollution Control; Title 11 Chapter 54 of the Hawai‘i 
Administrative Rules [HAR], Water Quality Standards; HAR 11-55 NPDES General 
Permits) regulations addressing stormwater runoff. 

Surface runoff from placement of dredged material would be addressed either 
through engineering controls to contain potential runoff or through dewatering 
BMPs and compliance with NPDES requirements. If space is not available within 
the harbor property for dewatering and drying, DOT may haul dredged material to 
an off-site dewatering area. Hauling trucks would be lined to minimize spillage of 
dredged material and excess water. Sediment unloaded from the trucks would be 
spread onto bermed dewatering cells to allow percolation and evaporation. A 
dewatering site would be chosen to minimize impacts on groundwater resources. 
The bermed cells would be designed with sufficient freeboard to contain a 25-year, 
24-hour storm event plus one foot to prevent surface discharge from the site.  

TRAFFIC. Measures to minimize construction-related traffic impacts may include 
following a traffic management plan that limits certain activities to non-peak hours 
and provides for traffic control measures when needed to assure safety and minimize 
congestion. 

NOISE. Noise-generating activities include large truck movements, heavy equipment 
operations, ship loading and unloading using cranes, lifts, and other mechanical 
equipment, and ship and tugboat engines. Management constraints exist to comply 
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with both federal and State noise guidelines. Federal guidance dealing with noise 
control can be found in the Code of Federal Regulations (CFR) Title 23 Highways, 
Title 40 Part 204 Noise Emission Standards for Construction Equipment, and Title 
42 Chapter 65 Noise Control. State regulations are in HAR 11-46 Community Noise 
Control and are under the jurisdiction of the Hawai‘i Department of Health Noise 
Radiation and Indoor Air Quality Branch Noise Section. These regulations define 
maximum permissible sound levels and are intended to control and/or abate noise 
pollution from construction equipment. Measures to minimize noise impacts may 
include: 
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• limiting work to daytime hours,  

• reducing truck/equipment idling when not in use,  

• using manually adjustable or self-adjusting backup alarms, and  

• fitting generators and equipment with manufacturer-approved exhaust 
mufflers. 

Based on evaluating federal and State standards for Activity Category C,11 state 
standards are the more stringent and will be used as the basis of evaluation for this 
EIS. 

AIR QUALITY (FUGITIVE DUST/EMISSIONS). The U.S. Environmental Protection 
Agency’s (EPA) transportation conformity rule requires that federal transportation 
agencies demonstrate conformity with Clean Air Act air quality goals. 
Transportation conformity is a way to ensure that federal funding and approval are 
given to those transportation activities that are consistent with air quality goals. It 
ensures that these transportation activities do not worsen air quality or interfere with 
the purpose of a state implementation plan, which is to meet the National Ambient 
Air Quality Standards (NAAQS). Meeting the NAAQS often requires emissions 
reductions from mobile sources.12 The conformity rule applies in nonattainment and 
maintenance areas for transportation-related criteria pollutants for which the area is 
designated nonattainment or has a maintenance plan. As the state of Hawai‘i is in 
attainment of NAAQS, conformity determinations do not apply. However, there are 
several measures that can be taken to minimize construction-related air quality 
impacts. These may include: 

• minimization of the amount of dust-generating materials and activities; 

 
11  Activity Category C is a type of land use or activity which may be affected by noise from construction. Federal Code of 

Regulations Title 23 Part 771 Procedures for Abatement of Highway Traffic Noise and Construction Noise. 
12 Federal Highways Administration website. 

www.fhwa.dot.gov/environment/conformity/ref_guid/sectiona.htm#whatconf. Accessed November 21, 2007. 
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• centralization of material transfer points and onsite vehicle traffic routes; 1 
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• location of potentially dusty equipment in areas of the least impact; 

• provision of adequate water for dust control from the start of construction; 

• implementation of dust control at shoulders, project entrances, and access 
roads; 

• provision of dust control after hours, on weekends, and prior to daily 
construction activities; 

• use of a frequent watering program on bare-dirt surfaces; 

• limitation of the disturbance area at any given time; 

• application of chemical soil stabilizers or mulching; 

• construction of wind screens; 

• covering of open-bodied trucks when transporting dirt or dust-producing 
material; 

• cleaning of vehicle tires prior to exiting the site; and/or 

• stabilization of the site through paving or landscaping where appropriate as 
early as possible. 

HAZARDOUS MATERIALS. Hazardous materials may be used in construction and 
operation of harbor facilities. The potential for release of hazardous substances into 
the environment will be minimized by: 

• where possible, minimizing the use of hazardous materials or substituting 
equivalent non-hazardous materials; 

• using hazardous materials according to labeled instructions; 

• storing hazardous materials in appropriate labeled containers, inspected 
periodically;  

• keeping hazardous materials in appropriate containment areas, where they 
will not be exposed to storm water or other incompatible materials; 

• keeping appropriate spill control and clean-up materials on site; and 

• training employees in the proper use and handling of materials. 
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2.3.3 Security/Access Management Constraints 1 
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Security and access management constraints include procedures developed and 
implemented by DOT Harbors, U.S. Coast Guard (USCG), and the Department of 
Homeland Security (DHS) to limit access to harbor facilities from land and sea to 
authorized persons only. CFR Title 33 Navigation and Navigable Waters contains 
regulations for protection and security of vessels, harbors, and waterfront facilities. 
Section 165.140813 establishes a moving security zone that extends 100 yards (300 
feet) in all directions from each large passenger vessel. This moving security zone is 
activated when the vessel is within three nautical miles of Kahului Commercial 
Harbor and remains in effect while the vessel  is transiting, anchored, position-
keeping, or moored in Kahului Commercial Harbor. In addition to Title 33, USCG 
also provides regulations for navigating on inland waters in their guidance for 
Prevention of Collisions at Sea.14

In addition to establishing security zones, USCG has developed a system of 
Maritime Security (MARSEC) levels15 that corresponds to DHS’s Homeland 
Security Advisory System (HSAS). MARSEC levels “advise the maritime 
community and the public of the level of risk to the maritime elements of the 
national transportation system.” MARSEC Level 1, the minimum security level that 
is maintained at all times, corresponds to HSAS Threat Conditions Green, Blue or 
Yellow. MARSEC Level 2 involves heightened security under conditions of 
additional risk of a transportation security incident. This level corresponds to Threat 
Condition Orange. MARSEC Level 3 involves even greater security restrictions for 
a limited period when a security incident is imminent or has occurred. It corresponds 
to Threat Condition Red. 

On November 27, 2007, USCG announced a temporary fixed security zone for visits 
of the Hawaii Superferry (HSF) vessel Alakai to Kahului Commercial Harbor. The 
fixed security zone becomes active one hour before the Alakai’s arrival until ten 
minutes after its departure.16 During that period, no person or vessel may enter or 
remain in the fixed security zone without the express permission of the Captain of 
the Port, Honolulu. The security zone covers all of the waters of Kahului 
Commercial Harbor except the area between Hoaloha Beach Park and buoys 10, 11, 
and 12, approximately 750 feet from shore. While that zone is in effect, recreational 
activities such as surfing, paddling, and small boat voyages are prohibited in the 
above described area. This security zone is in effect from December 1, 2007 through 

 
13  Code of Federal Regulations. Title 33 §165.1408, Revised July 1, 2006. Security Zones; Maui, HI. 
14  U.S. Department of Transportation and U.S. Coast Guard. October 1995. Navigation Rules International—Inland. This 

manual contains the International Regulations for Prevention of Collisions at Sea, 1972 (72 COLREGS) and the inland 
Navigation Rules. 

15  Code of Federal Regulations. Title 33, §101.200. MARSEC Levels. 
16  Federal Register. November 28, 2007. “Security Zone; Kahului Harbor, Maui, HI.” Volume 72, Number 228. 
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January 31, 2008. A USCG spokesman has indicated that the security zone could be 
made smaller if there is no clear threat to safety and security.
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17

The temporary security zone for the Alakai was created in response to protests  
during the first visits of the Alakai in September 2007 to Nāwiliwili Commercial 
Harbor, Kaua‘i. 

Analysis of the potential impacts of the master plan improvements is based on the 
assumption that MARSEC Level 1 is in effect without any special security zones 
established by USCG, so both commercial and recreational activities can proceed 
normally. Under greater security restrictions, recreational activities could be 
excluded from Kahului Commercial Harbor, whether for hours, as specified in the 
November 27, 2007 announcement, or longer periods. 

2.3.4 Invasive Species Transshipment Management Constraints 
Harbors and port facilities have the potential to introduce both terrestrial and aquatic 
invasive species to Hawai‘i’s environment. Large overseas vessels, barges, and 
passenger vessels in Kahului Commercial Harbor have the potential to bring 
potentially harmful terrestrial and aquatic alien plant, animal, and microorganism 
species to the island of Maui and the state of Hawai‘i through introduction of cargo 
and passengers from outside of the island and state. Harmful alien pest species, or 
“invasive” species, are defined by the National Invasive Species Information Center 
(NISIC)18 as species that are: (1) nonindigenous to the ecosystem under consider-
ation, and (2) whose introduction causes or is likely to cause economic or environ-
mental harm and/or harm to human health.19 These species may threaten the local 
economy and natural environment by damaging native forests, competing with and 
causing the extinction of native flora and fauna, carrying diseases that may affect 
native species, agricultural crops and humans, and interrupting the shipment of local 
produce. 

Primary mechanisms of potential invasive species introductions into Hawai‘i’s 
environment include international and domestic shipping and passenger vessels, 
recreational boating, fisheries activities, aquaculture, and the water garden and 
aquarium industries. Research and stocking activities have also historically been 
mechanisms for invasive species introductions. Introduction and dispersal pathways 
of terrestrial invasive species can include unintentional transport and escape of 

 
17  Lieutenant John Titchen, quoted in C. Hamilton, “Harbor Shutdown an Interim Measure.” Maui News, November 29, 

2007, available at www.mauinews.com/news/2007/11/29/03hars1129.html 
18  The NISIC was established in 2005 at the National Agricultural Library to meet the information needs of users 

including the National Invasive Species Council. www.invasivespeciesinfo.gov/about.shtml. Accessed September 14, 
2007. Executive Order 13112 was signed on February 3, 1999, establishing the National Invasive Species Council.  

19  NISIC website. www.invasivespeciesinfo.gov/whatis.shtml. Accessed September 14, 2007. 
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organisms in cargo; unauthorized, intentional release of organisms; or accidental 
release of target organisms from growing facilities.  
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Invasive marine species can include types of marine algae, 
marine fish, and marine invertebrates. A discussion of 
existing marine invasive species relevant to Kahului 
Commercial Harbor is included in Section 5.4.3. Examples 
of primary introduction and dispersal pathways of marine 
invasive species are listed below. 

Commercial Ships, Passenger Vessels, Fishing 
Boats, Recreational Boating 

• Release of organisms in ballast water and 
sediments 

water garden: 
landscape features 
such as aquatic 
gardens, backyard 
ponds and garden 
ponds 

fouling organisms: 
aquatic organisms 
with a sessile adult 
stage that attach to 
and foul underwater 
structures of ships 

seachest: small 
underwater compart-
ment within the shell 
plating through which 
sea water is drawn in 
or discharged; the sea 
water may be used for 
cooling the machinery 
systems. 

• Fouling organisms on vessel hulls, seachests, pipe 
systems, and other structures 

• Live holding and bait wells 

• Fisheries gear and debris (fouling organisms on 
nets and floats) 

Aquaculture, Aquarium, Water Garden, and Other 
Industries 

• Accidental release of target organisms from culture 
or grow-out facilities 

• Accidental release of non-target organisms such as epiphytic or pathogenic 
organisms 

• Unauthorized, intentional release of organisms 

Private Sector 

• Live seafood shipments 

• Aquarium release 

• Release for cultural practices 

• Illegal or accidental imports in cargo, on passenger vessels, through the 
mail, or on private aircraft and vessels 
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Marine Debris 1 
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• Fouling organisms on abandoned nets and floats. 

Marine invasive species introduction mechanisms which may be associated with 
Kahului Commercial Harbor operation include the presence of organisms in 
transported cargo, the release of organisms during ballast water discharges, or 
attachment of fouling organisms to ship hulls or other structures. 

Cargo 

Currently, the prevention of the introduction of alien species to Maui via transported 
cargo is under the jurisdiction of the Hawai‘i State Department of Agriculture 
(DOA), State Department of Land and Natural Resources (DLNR) Division of 
Aquatic Resources (DAR), U.S. Department of Homeland Security (formerly U.S. 
Customs and U.S. Department of Agriculture), and the State Department of Health 
(DOH). These agencies monitor, inspect, quarantine, and certify cargo from foreign 
ports and interstate/intrastate cargo. In addition, DOT Harbors and DOT participate 
in committees, such as (but not limited to) the Coordinating Group on Alien Pest 
Species (CGAPS) and task forces to monitor and resolve the potential introduction 
of alien pest species. DOT Harbors will continue to work with agencies which have 
jurisdiction and authority to prevent and control alien pest species within 
commercial harbors. 

The DOA has designated Kahului Commercial Harbor as a limited port-of-entry for 
overseas agricultural commodities; therefore, only plants and plant products such as 
produce and cut flowers are allowed entry. Live animals (except live seafood for 
consumption) and microorganisms from foreign and domestic origins are not 
allowed entry through Kahului Commercial Harbor unless inspected by DOA in 
Honolulu prior to transport to Kahului. Pursuant to HRS Section 150A-5, any 
person transporting any agricultural commodity to Hawai‘i shall notify the DOA and 
hold the commodity at the dock, pier, wharf, airport, or air terminal where they are 
first received or discharged until inspection can be made by the Plant Quarantine 
Inspector. Because of space shortage at the piers, transportation companies have 
been requesting that inspections be done at sites other than the dock or at the dock 
but before or after regular work hours. For the maritime operations, shippers 
reimburse the state for the inspector’s cost to inspect the containers during overtime 
hours.  

Propagative (e.g., roots, root stock) agricultural commodities may not move between 
islands without DOA inspection. Non-propagative plant parts transported by inter-
island barge, such as cut flowers, fruit, vegetables, and produce, need not be 
inspected provided they are subject to random DOA inspections. HSF will allow 
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transport of plant and propagative plant parts after inspection by the DOA Plant 
Quarantine Office and if accompanied by a signed DOA certificate of inspection. 
Cut or harvested flowers, foliage, fruits, vegetable, and other non-propagative plant 
parts need not be inspected prior to being transported, but shall be subject to random 
DOA inspections at either the port of departure or port of entry.
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20  

Executive Order (EO) No. 07-10, issued pursuant to Act 2 of the 2007 Special 
Session, sets out detailed conditions affecting HSF operations until an EIS 
examining those operations has been accepted.21 It includes the following conditions 
affecting vehicles and cargo: 

• All vehicles will be screened for agricultural products, and vehicles 
containing prohibited items will not be allowed to board.  

• All vehicles will be screened for dirt or mud, and vehicles that are 
“excessively dirty” or have caked-on mud will not be permitted to board.  

• While domestic cats, dogs, pigeons and rabbits may be carried without a 
DOA certificate, domestic livestock may be carried if accompanied by a 
certificate. No pigs may be carried.  

• No rocks, soil, sand, dirt, or dead coral may be carried, except for soil in 
potted plants that have been cleared by DOA.  

• No iwi (human bones) may be carried.  

• No crustaceans may be carried. 

• Live or dead fish or live coral may be transported with a valid commercial 
marine license. Recreational fishers may transport fish. 

• No logs, trees, or tree limbs may be transported. 

Ballast Water 

Ship operators use ballast water to adjust the ship’s draft in the water. Ballast water 
is increased when ships have little or no cargo in order to ride lower in the water, 
which increases manageability and safety and allows for maximum stability and 
sailing efficiency. Ballasts may be loaded or discharged to adjust a ship’s trim 
(balance), improve maneuverability, increase propulsion efficiency, reduce hull 
stress, raise the ship to pass over shallow areas, or lower the ship to pass under 
bridges or cranes. Ballast water enters a ship via intakes below the waterline and is 

 
20  HSF Plants FAQ website. www.hawaiisuperferry.com/travel-information/faqs/baggage-carry-ons/plants/faqs.html. 

Accessed July 5, 2007. 
21  A link to the Executive Order was posted on the Governor’s website (www.hawaii.gov/gov, accessed on November 5, 

2007). The conditions noted here are identified as related to Invasive Species and Cultural and Natural Resources. 
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taken in and discharged either by pumping or gravitational flow. It may either be 
carried in dedicated tanks (segregated ballast water) or in the cargo holds 
(nonsegregated ballast water). The discharged ballast water may contain marine 
organisms and sediments taken in through the intakes which have accumulated in 
the ballast tanks. Ballast sediment, which includes particulates such as plankton and 
organic/inorganic detritus that have settled to the bottom of the tanks over time, is 
difficult to dispose of and often is removed when the vessel is in port or dry dock. 
Sediments in the ballast tanks may get stirred up when the tanks are refilled and the 
organisms in the sediment may get re-suspended and discharged when the tanks are 
emptied. Ships exchanging ballast water from areas outside of Kahului Commercial 
Harbor may introduce invasive species. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 

                                                

The DLNR-DAR is the designated lead agency for preventing the introduction of 
alien aquatic organisms and for carrying out the destruction of these organisms 
through the regulation of ballast water discharges and hull fouling organisms 
through Act 134 Sessions Law 2000, which subsequently became Chapter 187A, 
Part III, HRS, Alien Aquatic Organisms, and the State of Hawai‘i Aquatic Invasive 
Species Management Plan.22 On October 12, 2007, new regulations in HAR Title 13 
Chapter 76, Non-indigenous Aquatic Species, were drafted. The new rules are 
intended to minimize the spread of non-indigenous aquatic organisms through 
ballast water management.23  These rules identify prohibited activities such as 
failure to follow a ballast water management plan, discharge of ballast water in state 
marine waters, or failure to submit a ballast water report form, unless exempted 
under the law as described in the rules. HAR 13-76 also outlines ballast water 
exchange, discharge, and reporting requirements.  

In addition to the state rules, the USCG has developed a Mandatory Ballast Water 
Management (MBWM) program which requires all vessels equipped with ballast 
water tanks that took on ballast water less than 200 miles from any shoreline, 
entering U.S. waters from beyond the 200-mile Exclusive Economic Zone (EEZ),24 
to “employ at least one of the following ballast water management practices: 

1. Perform complete ballast water exchange in an area no less than 200 
nautical miles from any shore prior to discharging ballast water in U.S. 
waters; 

 
22  State of Hawai‘i, Department of Land and Natural Resources, Division of Aquatic Resources. September 2003. State of 

Hawai‘i Aquatic Invasive Species (AIS) Management Plan. 
23  Hawai‘i Administrative Rules. Title 13 Department of Land and Natural Resources Subtitle 4 Fisheries Part IV 

Fisheries Resource Management Chapter 76 Non-indigenous Aquatic Species.   
24  The EEZ is an area an area beyond and adjacent to the territorial sea, under which the rights and jurisdiction of the 

coastal State and the rights and freedoms of other States are governed by the relevant provisions of the United Nations 
Convention on the Law of the Sea. www.un.org/Depts/los/convention_agreements/texts/unclos/part5.htm. Accessed 
September 14, 2007. 
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2. Retain ballast water onboard the vessel; or 1 
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3. Prior to the vessel entering U.S. waters, use an alternative environmentally 
sound method of ballast water management that has been approved by the 
Coast Guard.”25 

Mid-ocean ballast water exchange is the preferred management practice currently 
being employed for the majority of vessels. This is because retention of ballast water 
onboard a vessel may impede the ability to load cargo, and according to a May 2007 
U.S. Environmental Protection Agency (EPA) fact sheet on performance verification 
of ship ballast water treatment technologies,26 it appears that on-going development 
of, and government verification of, alternative environmentally sound ballast water 
management is still in progress. Numerous technologies under development or being 
considered include the following types of treatment: 

• Mechanical treatment methods such as filtration and separation.  

• Physical treatment methods such as ozonation, deoxygenation ultra-violet 
treatment, electric pulse, and heat treatment.  

• Biological and chemical treatment methods such biocides or hydrogen 
peroxide treatment.27 

Hull Fouling 

Hull-fouling organisms, such as diatoms, algae, bacteria (micro-sessile), mollusks, 
sea squirts, sponges, sea anemones, bryozoans, tubeworms, polychaetes, and 
barnacles (macro-sessile), may live on ship hulls and may be released into receiving 
waters through natural ocean currents, vessel draft, rubbing against harbor pilings, or 
running aground. While the September 2003 State of Hawai‘i Aquatic Invasive 
Species Management Plan recognizes that “[t]he greatest number of marine 
invertebrates have probably arrived in Hawai‘i through hull fouling…”28 the 
majority of trans-oceanic vessels enter harbors on O‘ahu and may not pose as much 
of a threat on neighbor islands.  

 
25  Title 33, CFR Part 151.2035. 
26  U.S. EPA. May 2007. Fact Sheet, Performance Verification of Ship Ballast Water Treatment Technologies and 

Exchange Screening Technologies. 
27  Global Ballast Water Programme, International Maritime Organization. 26-27 March 2001. Proceedings, 1st 

International Ballast Water Treatment R&D Symposium. Ed.  Steve Raaymakers. London. 
28  State of Hawai‘i, Department of Land and Natural Resources, Division of Aquatic Resources. September 2003. State of 

Hawai‘i Aquatic Invasive Species (AIS) Management Plan. 
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The Alien Aquatic Organism Task Force (AAOTF), established by DLNR to address 
ballast water and hull fouling issues, has made recommendations to address hull 
fouling, including development of inspection protocols for use by USCG during 
vessel inspections, continuation of studies on the impact of nonnative aquatic 
organisms in Hawai‘i, and inclusion of ballast water and hull fouling issues in 
DLNR and DOA education and information programs. 
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2.3.5 Other Management Measures Affecting Vessel Operations 
Vessels operating in Hawai‘i harbors are subject to additional federal and state 
regulations on emissions into the air and water (under HRS Chapter 342D and 
regulations adopted by the Hawai‘i State DOH). Harbor conditions may be 
monitored in response to citizen complaints. Furthermore, under EO 07-10, large 
capacity ferry vessels may not discharge wastewater into the ocean, including but 
not limited to the coastal waters of the State of Hawai‘i. 
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3.1 METHODOLOGY 

Several methods and tools are available for forecasting future cargo and passenger 
volumes at Kahului Commercial Harbor. These include historical data, socio-
economic projections, anticipated changes in maritime technology, and changes in 
shippers’ reliance on the commercial harbor. Combining these tools, it is possible to 
forecast changes in demand and assess the level of flexibility that may be needed to 
respond to sudden or unanticipated changes. 

It is not practical to expect precise forecasts of long-term demand. It is useful, 
however, to develop a reasonable estimate of future demand to enable prioritization, 
scheduling, funding, and implementation of projects to meet the anticipated demand in 
a timely manner. 

3.2 CARGO AND PASSENGER THROUGHPUT 
PROJECTIONS 

Summary of Cargo Throughput Projections 

Two methods were used to forecast future cargo volumes. The first method uses 
historical cargo data; the second method uses historic and projected population growth 
to determine an annual growth rate for cargo throughput. Sections 3.2.1 and 3.2.2 
provide further details for each method, with an evaluation of the analysis in Section 
3.2.3. Table 3-1 shows a comparison of the resulting projections based on historical 
cargo data and on population growth forecasts. 
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Table 3-1.  Summary Comparison of Cargo Throughput Projections Based 
on Historical Cargo Data and Population Growth Forecasts 

1 
2 

Historical Cargo Data Population Growth 

Cargo 
Category Unit FY95 FY05 

Cargo 
Forecast 

FY30 

Annual 
Growth Rate 
FY05–FY30 

Cargo 
Forecast 

FY30 

Annual 
Growth Rate 
FY05–FY30 

Containers TEU 64,199 126,600 258,441 2.9% 223,523 2.3% 
Vehicles Tons 121,392 156,959 209,798 1.2% 227,739 1.5% 
Break-Bulk Tons 267,855 288,061 294,722 0.1% 508,599 2.3% 
Dry-Bulk Tons 532,721 706,497 665,231 −0.2% 1,247,387 2.3% 
Liquid-Bulk Tons 620,952 926,932 1,606,208 2.2% 1,344,928 1.5% 
TEU = twenty-foot equivalent unit 3 

4 
5 
6 

7 

8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 

                                                

FY = fiscal year 
 
 

Summary of Passenger Throughput Projections 

For the analysis, passengers were separated into two groups: cruise ship and inter-
island ferry passengers. For cruise ship passenger forecasts, a separate study was 
commissioned to analyze the Hawai‘i cruise market trends for Kahului (see Appendix 
C). This study looks at both historical trends and Maui’s potential capture of the 
Hawai‘i cruise market. Results from this analysis show that Kahului Commercial 
Harbor could expect between 452,000 to 613,000 cruise ship passengers by fiscal year 
2030 (FY30).1 Section 3.2.4 provides further discussion of cruise ship passenger 
forecasts. 

Since the inter-island ferry service started in December 2007, ferry passenger 
projections assume that the average vehicle and passenger demand (410 passengers, 
110 vehicles)2 will be fully met starting in FY08. A second inter-island ferry vessel 
(anticipated to begin sometime in 2009) is expected to fully meet the average demand 
in FY10. By FY30, 256,000 ferry passengers would be going through Kahului 
Commercial Harbor. Section 3.2.5 provides further discussion of ferry passenger 
forecasts. 

 
1  State of Hawai‘i, Department of Transportation, Harbors Division (DOT Harbors) fiscal year starts July 1 and ends 

June 30. 
2  Fehr & Peers/Kaku Associates, Inc. Kahului Harbor Master Plan Traffic Study – Appendix H of this EIS.  
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3.2.1 Cargo Throughput Projections Based On Historical Cargo 
Data 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

16 
17 

The annual cargo data collected between FY95 and FY05 were used to predict future 
throughput quantities for each type of cargo. The technique used to evaluate the 
existing data and predict future values is linear regression analysis, a statistical tool 
that models the relationship between variables by fitting a linear equation through the 
observed data. The model evaluates all the data, not just the beginning and end points, 
such that trends in the data can be used to predict future values. The data between 
FY95 and FY05 were analyzed and extrapolated to future years up to FY30. Table 3-2 
provides a summary of the results for each of the cargoes discussed in the following 
sections, including known throughput quantities for FY95 and FY05, and projected 
quantities for FY30. Growth rates are shown for primary cargo categories: containers, 
vehicles, break-bulk, dry-bulk, and liquid-bulk cargoes. The actual growth rates from 
FY95 to FY05 and the projected growth rates from FY05 to FY30 are shown for 
comparison purposes. 

Table 3-2.  Kahului Commercial Harbor Cargo Forecasts and Growth 
Rates (Imports and Exports) Based on Historical Data, FY95 to FY30 

      Annual Growth Rate 

Cargo 
Category Type Unit FY95 FY05 FY30 

FY95–
FY05 

FY05–
FY30 

Containers  TEU 64,199 126,600 258,441 7.0% 2.9% 
Vehicles  Tons 121,392 156,959 209,798 2.6% 1.2% 
Break-Bulk Lumber Tons 9,528 6,884 11,608   
 Produce Tons 15,244 20,157 43,599   
 Livestock Tons 434 206 223   
 Other Tons 242,649 260,814 239,292   
 Total Tons 267,855 288,061 294,722 0.7% 0.1% 
Dry-Bulk Sugar Tons 175,960 190,192 102,102   
 Cement Tons 40,303 57,570 102,114   
 Scrap Metal Tons 7,471 6,525 3,649   
 Sand/ 

Gravel 
Tons 243,809 383,080 412,221   

 Coal Tons 65,178 69,130 45,144   
 Total Tons 532,721 706,497 665,231 2.9% −0.2% 
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Table 3-2.  Kahului Commercial Harbor Cargo Forecasts and Growth 
Rates (Imports and Exports) Based on Historical Data, FY95 to FY30 

(continued) 

1 
2 
3 

      Annual Growth Rate 

Cargo 
Category Type Unit FY95 FY05 FY30 

FY95–
FY05 

FY05–
FY30 

Liquid-Bulk Total 
Petroleum* 

Tons 561,590 852,795 1,537,903   

 Molasses Tons 55,125 70,189 66,715   
 Chemicals Tons 4,237 3,948 1,590   
 Total Tons 620,952 926,932 1,606,208 4.1% 2.2% 

* Total petroleum is comprised of jet fuel, gasoline, diesel, liquefied petroleum gas (LPG), and 
fuel oil. 

4 
5 
6 
7 

8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 

gories.) 23 

Containers 24 

ntainerized cargo volumes in-25 
26 
27 
28 
29 

 
 

The results indicate that throughput of containers, vehicles, and liquid-bulk cargo will 
continue to increase through FY30, albeit at a slower rate of increase compared to 
FY95 to FY05. Break-bulk and dry-bulk cargoes will remain close to their current 
levels. 

Historical cargo data between FY95 and FY05 were provided by the State of Hawai‘i, 
Department of Transportation Harbors Division (DOT Harbors). The data were sorted 
by commodity type and direction of movement (import versus export) for analysis 
purposes. The total volume of cargo moving through Kahului Commercial Harbor 
experienced significant growth between FY95 and FY05, with total throughput of 
approximately 2.1 million tons in FY95, expanding to over 3.0 million tons in FY05. 
However, some cargoes increased more than others, and some cargoes actually 
declined during the period. 

The following provides a detailed breakdown and discussion of historical data 
throughput, between FY95 and FY05, for the major cargo categories. (Table 3-2 
provides a summary of the historical data broken out by each major cargo category. 
Appendix D provides graphs for all the cargo cate

Statewide co
creased greatly over the past decade, and 
Kahului Commercial Harbor was no exception. 
Total Kahului Commercial Harbor container 
throughput, including imports and exports, both 

Containers (TEUs)

0

26,000

Import Export

52,000

78,000

104,000

130,000

95 96 97 98 99 00 01 02 03 04 05

Total

FY
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full and empty, increased from approximately 64,200 TEU to 126,600 TEU, for an 
annualized growth rate of 7.0 percent. 

1 
2 

Vehicles 3 

oughput experienced slow but steady growth during the period, with 4 
5 
6 

Break-Bulk: Lumber, Produce, Livestock, Other Break-Bulk 7 

erable variation 8 
9 

10 

• Lumber declined from 9,528 to 6,884 tons. 11 

12 

ns. 13 

an-container loads [LCL]) 14 
15 

TOTAL BREAK-BULK. Although there was considerable variation for some of the 16 
17 
18 
19 
20 
21 
22 
23 

Dry-Bulk: Sugar, Cement, Scrap Metal, Sand and Gravel, Coal 24 

verall growth 25 
26 
27 

• Sugar exports increased slightly from 175,960 to 190,912 tons, but FY05 28 
29 
30 

• 303 to 57,570 tons. 31 

Vehicle thr
imports rising from 71,189 to 96,645 tons, and exports rising from 50,203 to 60,314 
tons, for an overall growth of 2.6 percent per year. 

Growth in break-bulk cargo volumes were mixed and showed consid
through the period, but still managed to show overall gain of 0.7 percent per year 
between FY95 and FY05. Individual break-bulk cargoes are summarized as follows: 

• Livestock decreased from 434 to 206 tons. 

• Produce increased from 15,244 to 20,157 to

• Other (uncategorized) break-bulk (primarily less-th
was consistent during the period and increased from 242,649 to 260,814 tons. 

break-bulk cargoes, when viewed as a whole, growth was relatively consistent during 
the period. Total volume increased marginally from 267,855 tons in FY95, to 288,061 
tons in FY05. After examining the data closely, it is apparent that the overall growth 
experienced at Kahului Commercial Harbor during the period was realized by cargoes 
other than break-bulk (e.g., containers). However, it is acknowledged that break-bulk 
is still a vital component of the harbor operation and needs to be accommodated in the 
future. 

Dry-bulk cargo volumes were variable during the period and showed o
of 2.9 percent per year between FY95 and FY05. The dry-bulk cargoes are 
summarized below: 

exports were down compared to the period between FY98 and FY00 when 
volumes were in the 230,000-ton range. 

Cement imports increased steadily from 40,
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• Scrap metal exports were highly variable year to year and declined overall 1 
2 

• put (primarily export) declined for several years 3 
4 
5 

• om 65,178 to 69,130 6 
7 

Factors complicating the projection of future dry-bulk demand are discussed in 8 
9 

ULK. Taken as a whole, dry-bulk cargoes experienced moderate growth 10 
11 
12 
13 
14 

Liquid-Bulk: Jet Fuel, Gasoline, Diesel, LPG, Fuel Oil 15 

95 to FY05, with an 16 
17 

18 

s. 19 

20 

21 

ns. 22 

PETROL oleum imports 23 
increased from 560,613 tons in FY95 to 24 

25 
26 
27 
28 
29 
30 

OLASSES, CHEMICALS. Liquid-bulk 31 
e the following: 32 

from 7,471 to 6,525 tons. 

Sand and gravel through
following FY97 but has increased since FY02 to a record high in FY05, and 
shows an overall increase from 243,809 to 383,080 tons. 

Coal imports have been variable and increased overall fr
tons. 

Section 3.2.3. 

TOTAL DRY-B
of 2.9 percent per year from 532,721 tons in FY95, to 706,497 tons in FY05. As with 
break-bulk, dry-bulk cargoes were not a primary driver in the growth experienced at 
Kahului Commercial Harbor between FY95 and FY05, but continue to play an 
important role in the harbor and need to be accommodated in future years. 

Liquid-bulk cargoes have shown consistent growth from FY
annualized growth rate of 4.1 percent. Individual cargoes are summarized as follows: 

• Jet fuel imports increased from 50,887 to 200,445 tons. 

• Gasoline imports increased from 174,943 to 252,349 ton

• Diesel imports increased from 197,045 to 288,211 tons. 

• LPG imports increased from 13,480 to 15,403 tons. 

• Fuel oil imports decreased from 123,586 to 95,291 to

EUM. Overall, total petr

851,699 tons in FY05, for an annual growth 
rate of 4.3 percent. The records also indicate 
some exports of petroleum products during the 
period, but these were sporadic and insig-
nificant in terms of quantities, so they are not 
reflected in the throughput quantities above. 

LIQUID-BULK OTHER THAN PETROLEUM: M
cargoes other than petroleum products includ

Petroleum (Tons)
900,000

0

150,000
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• Molasses exports increased from 55,125 tons in FY95 to 92,763 tons in FY00, 
but have decreased since then and leveled off at 70,189

1 
 tons in FY05. 2 

3 
4 

TOT  5 
a whole rom 6 
620,952 tons in FY95 to 926,932 tons in 7 

8 
9 

10 
11 
12 
13 

3.2.2  Growth 14 

Another common method of forecasting cargo and passenger volumes is to assume 15 
ui 16 
u-17 

18 
19 
20 
21 
22 
23 
24 

25 
26 

• Imports of chemicals were mixed during the period and showed a slight 
decline from 4,237 to 3,948 tons. 

AL LIQUID-BULK. Liquid-bulk cargoes as 
 have shown consistent growth f

FY05, for an annual growth rate of 4.1 
percent. As illustrated in the sections above, 
the quantities and growth experienced during 
the period are principally a result of 
petroleum imports (92 percent in FY05), with 
little impact from exports (molasses) or other no

Cargo Throughput Projections Based on Population

n-petroleum products. 

that growth in throughput will be tied to population or economic growth. For Ma
County, population can be further subdivided by residents, visitors, and de facto pop
lation. De facto population is defined as the number of persons physically present in 
an area regardless of their usual place of residence. This includes visitors present but 
excludes residents temporarily absent. The population and economic projections for 
the state and counties were developed by the State Department of Business, Economic 
Development and Tourism (DBEDT). The analysis uses at least 20 years of historical 
data with models of the state and county-level economies. Estimates from the 2030 
Series projections by DBEDT are shown in Table 3-3. 

Table 3-3.  Historic and Projected Maui County Population Growth,  
FY95 to FY30 

Year(s) 
Maui 

Residents Visitors 
De Facto 

Population 
County Output  

($ million) 
FY95 117,895 155,144  39,701 
FY00 128,968 41,934 168,540 6,535 
FY05 140,050 46,923 181,850 7,340 
FY10 151,300 51,781 197,550 8,309 
FY20 174,450 61,781 229,700 10,413 
FY30 199,550 71,370 263,500 12,958 

Total Liquid-Bulk

0

200,000

400,000

600,000

800,000

1,000,000

95 96 97 98 99 00 01 02 03 04 05

Import Export Total
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Table 3-3.  Historic and Projected Maui County Population Growth,  1 
FY95 to FY30 (continued) 2 

Year(s) 
Maui 

Residents 
De Facto County Output  

Visitors Population ($ million) 

Average Annual Growth    
FY95–FY00 1.8% 1.1%   
FY00–FY05 1.7% 2.3% 1.5% 2.4% 
FY05–FY30 1.4% 1.7% 1.5% 2.3% 

Source: State of Hawai‘i, DBEDT. 2004, Population and Economic Projections for the State of 3 
Hawaii to 2030.  4 
 5 
 6 

For each of the primary cargo categories, the applicable growth rate from Table 3-3 7 
was used to project future cargo throughput. Containers, break-bulk, and dry-bulk 8 
were assumed to follow the overall economy of Maui County, so the growth rate of 9 
2.3 percent was used for these cargoes. Vehicles and liquid-bulk were assumed to 10 
follow the de facto population; therefore, 1.5 percent was used for these projections. 11 
The projections based on population and economic growth are summarized in Table 12 
3-4. 13 

Table 3-4.  Kahului Commercial Harbor Cargo Forecasts and Growth 14 
Rates Based on Population Growth FY05 to FY30 15 

Annual 
Growth Rate 

Cargo Category Type Unit FY05 FY30 FY05–FY30 

Containers  TEU 126,600 223,523 2.3% 
Vehicles  Tons 156,959 227,739 1.5% 
Break-Bulk Lumber Tons 6,884 12,154  
 Produce Tons 20,157 35,589  
 Livestock Tons 206 364  
 Other Tons 260,814 460,492  
 Total Tons 288,061 508,599 2.3% 
Dry-Bulk Sugar Tons 190,192 335,802  
 Cement Tons 57,570 101,645  
 Scrap Metal Tons 6,525 11,521  
 Sand/Gravel Tons 383,080 676,364  
 Coal Tons 69,130 122,056  
 Total Tons 706,497 1,247,387 2.3% 
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T1 
Rates Based on P o FY30 (continued) 2 

able 3-4.  Kahului Commercial Harbor Cargo Forecasts and Growth 
opulation Growth FY05 t

Annual 
Growth Rate 

Cargo Category Type Unit FY05 FY30 FY05–FY30 

Liquid-Bulk Total P m Tons 852,795 1,237,359 etroleu  
 Molasses Tons 70,189 ,840  101  
 Chemicals Tons 3,948 ,728  5  
 Total Tons 926,932 1,344,928 1.5% 

 3 

3.2.3 4 

5 
6 
7 
8 
9 

ns for intermediate years FY10 and FY20, in addition to the FY30 projections. 10 

11 
12 

Analysis of Cargo Throughput Projections 
The projections based on historical cargo and socio-economic forecasts yield two 
distinct estimates of changes in throughput at Kahului Commercial Harbor. In this 
section, the results of the two are compared and the most appropriate forecast is 
selected for use in evaluating future facility requirements (Section 3.3). Table 3-5 
provides a summary of the growth rates used for the analysis. The table includes pro-
jectio

Table 3-5.  Best Estimate Cargo Forecasts and Growth Rates 
FY05 Through FY30 

Category Unit FY05 FY10 FY20 FY30 
Growth Rate  

Y30 
Source 
of Rate FY05–F

Co U 1ntainers TE 26,600 150,606 204,524 258,441 2.9% Table 3-2
Vehicles Tons 156,959  69,089 196,235 227,739 .5%  3-4 1 Table
Break-Bulk Tons 288,061 269,357 282,040 294,722 .1%  3-2 0 Table
Dry-Bulk Tons 706,497 568,140 616,685 665,231 .2% Table 3-2−0
Liquid-Bulk Tons 32 926,9  1,057,504 1,331,856 1,606,207 .2% Table 3-22

Table 3-2 shows cargo f sed on historic data. 13 
Table 3-4 shows cargo f s based on p on g14 
 15 
 16 

C AINER volumes at Kahului Com ial H are e  to contin  to 17 
i ease on a yearly b h FY3 ever, the rate of increase is not expected 18 
to approach the levels past d  (7.0 t). O er hand, gr wth 19 
will likely continue to ro  pop grow 2.3 percen in 20 

orecasts ba
orecast opulati rowth data. 

ONT merc arbor xpected ue
ncr asis throug 0; how

 seen in the 
ace the p

ecade  percen
u

n the oth o
 outp jected lation th rate ( t), 
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par n 1 
cargo gr lanning 2 
purposes. 3 

VE s base rgo gr d p tion gr de f  4 
grow erc ent per ear ra5 

B K-BULK cargoes g lumbe duce, ck, a imarily  6 
cargo), are expected t gligible (0.1 percen ual inc  based on cargo 7 
growth, or moderate ( rcent) incr base pul th. Si rgo 8 

 being increasingly containerized, it is unlikely that break-bulk will see much of an 9 
increase. However, LCL and other break-bulk cargoes have shown resilience over the 10 
past decade, so for planning purposes, the projection based on cargo growth (0.1 11 

12 

13 
14 
15 
16 

n 17 
increasing production of packaged sugar that would be exported in containers 18 
rath r than 19 
present levels. Successful r as a branded product could 20 
lead to completely phasing out bulk sugar operations. Also,  21 

ld p e a lan et f ar c22 

ND GR  A dy ep  th ty of in  23 
06.4 Ac ng stu d r  for odu  24 
te, bot a ‘a d se sser extent fo  25 

each re hm  s o s unt  us  26 
 basis, di o  o aui a 44,  27 

 barges containing approximately 28 
per week leaving Maui. 29 

eviously available on 30 
Maui are dwindling due to development on existing dunes, preservation of 31 
selected dunes, the available sites being mined by concrete companies, and sand 32 

33 

                    

t because it is more efficient than break-bulk operations.3 The projection based o
owth, with an annual growth rate of 2.9 percent, will be used for p

HICLE projection
e 1.2 p

d on ca owth an opula owth ( acto) indicate
th in th ent to 1.5 perc  y nge. 

REA , includin r, pro  livesto nd other (pr  LCL
o have ne t) ann reases
1.5 pe eases d on po ation grow nce ca

is

percent) will be used.

DRY-BULK cargoes include sugar, cement, scrap metal, sand, gravel, and coal, and 
represent both imports and exports. All of these cargoes have shown historical 
variations and are subject to market conditions that may have a significant impact on 
future volumes, particularly sugar and sand, which are discussed below.  

SUGAR. Hawaiian Commercial & Sugar Company (HC&S) is interested i

er than as bulk sugar. This would result in a lower volume of bulk suga
marketing of Maui Suga

ethanol production on
Maui cou rovid n on-is d mark or sug ane.  

SAND A AVEL. sand stu  was pr ared for e Coun Maui February
of 20 cordi  to the dy, san is prima ily used the pr ction of
concre h on M ui and O hu. San is also u d to a le r backfill
and b plenis ent. The tudy als quantifie  the amo of sand ed on an
annual  inclu ng appr ximately 74,000 t ns on M nd 2 000 tons
exported to O‘ahu. The sand is exported by
4,000 tons, resulting in an average of one barge 
Conclusions of the study indicate that the sand resources pr

resources needed for future beach replenishment projects. The study estimates that 

                             
hers Ltd. has announced plans to end LCL service in the next few years. Whether Young Brothers or others 
date smaller loads into containers is unknown. The projections made here reflect the cost of different ways 

3  Young Brot
will consoli
of handling cargo demand, not a policy preference or the actions of a single operator.  

4  County of Maui, Department of Public Works and Environmental Management. February 2006. Maui Inland Sand 
Resource Quantification Study. Maui, Hawaii. 

 3-10  



KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN  CHAPTER 3 
DRAFT ENVIRONMENTAL IMPACT STATEMENT  FUTURE COMMERCIAL HARBOR FACILITY REQUIREMENTS 

the available supply will only last another five to six years. Consequently, sand 
export is expected to decline. 

1 
2 

Based on the uncertainty associated with sugar exports and the future prospects for 3 
4 

n cargo growth (−0.2 percent) 5 
will be used. 6 

7 
8 
9 

10 
11 

Transportation of petroleum products is part of a systematic problem statewide, and 12 
13 
14 
15 

e ethanol, 16 
biodiesel, and their feedstocks. 17 

Eth18 
attr19 
hav20 
is d21 
dec , using a combination of 22 
local and imported feedstocks, demand for imported fuel would still decrease, but raw 23 
feed24 
Har25 

A b26 
oil f27 
oil 28 
In 29 
rou30 
be 31 
sign32 
wou33 

34 
 35 

sand and gravel, dry-bulk throughput is not likely to increase in future years. 
Therefore, for planning purposes, the projection based o

LIQUID-BULK cargoes include jet fuel, gasoline, diesel, LPG, fuel oil, ethanol, 
molasses, and chemicals. All of these cargoes, except molasses, are primarily imports. 
Petroleum products make up the overwhelming majority of these imports. With the 
exception of fuel oil, petroleum products have shown consistent growth in the past and 
are expected to continue their growth trend.  

DOT Harbors is currently undertaking a Statewide Fuel Facilities Development Plan,5 
which includes Kahului Commercial Harbor. In developing the plan, it became 
apparent that not only will the quantities of fuel continue to increase in the future, but 
also the variety of fuels will become more diverse. Specific examples includ

anol is an alcohol-based fuel that can be made from sugar cane, which makes it 
active for use in Hawai‘i. Plans to develop ethanol production facilities on Maui 
e not materialized, so there is currently no impact on the harbor. If an ethanol plant 
eveloped using local feedstocks, the demand for imported fuel to Maui would 
rease. On the other hand, if an ethanol plant is developed

stock would then be imported, resulting in new activity at Kahului Commercial 
bor.  

iodiesel production plant on Maui is planned to start operations in 2009. Vegetable 
eedstock would be imported for production of biodiesel. Ultimately, locally grown 

products could be used to produce biodiesel, but this is a long-term consideration. 
the near- to mid-term, the volume of vegetable oil feedstock would increase 
ghly as the volume of imported diesel decreases. Also, methanol would likely also 
imported as a catalyst for biodiesel production. Although there would not be a 
ificant change in volume, a dedicated transmission pipeline for feedstock products 
ld be necessary if the existing molasses pipeline at Pier 1B is not available.  

Overall, liquid-bulk throughput is expected to increase annually by 2.2 percent based 
on cargo growth and 1.5 percent based on population growth. Although the future of

                                                 
State of Hawai‘i, DOT Harbors. Unpublished. S5  tatewide Fuel Facilities Development Plan. 
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biof1 
reas olume estimate. Therefore, the growth rate based on 2 
cargo growth will be used. 3 

3.2.4 4 

ip passenger projections, a separate market study (Appendix C) was 5 
mmi ned 6 

7 
8 

9 
er volumes in the Hawai‘i region and in 10 

11 

12 

3.2.4.1 13 

for Kahului 14 
15 
16 
17 
18 
19 
20 
21 
22 

ting of in-transit passengers was not consistent on a yearly basis. However, 23 
24 
25 

26 
27 
28 
29 
30 
31 

32 
33 

was struggling, other cruise lines increased their visits to Hawai‘i. Foreign cruise ship 34 
 4,000 passengers in 35 

uels is uncertain, the growth rates are expected to be significant enough to make it 
onable to plan for the higher v

Cruise Ship Passenger Projections 
For cruise sh
co ssio to evaluate the Hawai‘i cruise market and determine throughput 
projections through FY30. The study primarily used two methods to project passenger 
throughput for Kahului Commercial Harbor: 

• Development of an unconstrained passenger forecast through market analysis 
based on historic growth of passeng
Kahului. 

• Market capture analysis for Kahului within the Hawai‘i sub-sector. 

Cruise Passenger Throughput FY95 Through FY05 

Cruise passenger records 
Commercial Harbor between FY95 and FY05 
were analyzed to determine the actual annual 
passenger throughput. Passengers from 
foreign and domestic vessels that embark or 
disembark at Kahului were counted twice for 
revenue purposes, whereas inter-island cruise 
passengers using Kahului as a port-of-call (in-
transit passengers) were only counted once. The analysis was complicated by the fact 
that repor
once the inter-island vessels were separated from the foreign vessels, a pattern of 
steady growth in passenger throughput became evident. 

Based on the analysis, passenger volumes at Kahului Commercial Harbor were 
relatively stable between FY95 and FY00, with a typical annual total of 45,000 to 
55,000 passengers (except FY96). The volumes increased steadily from 52,973 in 
2000 to 147,450 in FY05. The annual growth rate between FY95 and FY05 was 12.5 
percent; however, between FY00 and FY05, the growth rate was much higher at 22.7 
percent. 

Within that time period between FY00 and FY05, Hawai‘i witnessed in 2001 the 
closing of its only inter-island carrier, American Hawaii Cruises. While that operator 

passengers visiting Kahului Commercial Harbor increased from

Total Cruise Passengers (Passengers)

0

40,000

80,000

120,000

160,000

95 96 97 98 99 00 01 02 03 04 05

Inter-Island Ships
Foreign Ships
Total

FY
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FY01 to 114,000 passengers in FY04. In 2004, NCL America, the Hawai‘i-based 
subsidiary of Norwegian Cruise Line (NCL), entered the inter-island market and 
currently operates three U.S.-f

1 
2 

lagged ships in Hawai‘i. These are the Pride of Aloha, 3 
Pride of America, and Pride of Hawaii.6 Even though the mix of cruise ship operators 4 
and the number of Hawai‘i-based ships have varied over the past decade, demand for 5 

reasing since FY95 (see Appendix C 6 
7 

3.2.4.2 8 
9 

Acc10 
projecte11 
growth 9 percent. Using a lower growth rate of 1.7 percent results in a 12 
throughpu based on 13 
mod se industry 14 
trends, average vessel size and destination growth, and regional trends in Hawai‘i. As 15 

ditions (supply and 16 
ections. A benefit of 17 

18 
ese projections are based on historical 19 
ing dependent on the number of ships 20 

, although there were practically no 21 
00 and FY05, the growth rate did 22 

ovides a summary of FY30 throughput 23 
24 

25 
26 

Hawai‘i cruises remains and has been steadily inc
for the Hawai‘i cruise market study). 

Cruise Passenger FY30 Throughput Based on Historical Growth 
Rate 

ording to the 2007 Kahului Cruise Market Study,7 passenger throughput is 
d to reach 592,000 passengers by FY30. This result is based on an annual 
rate of 2.

t of 452,000 passengers by FY30. These growth rates are 
ifying the historical passenger growth by taking into consideration crui

the cruise industry is highly dependent on changing market con
demand), it is useful to look at both high and low ranges for proj
estimating a higher growth rate helps in the pla
would be needed in a “worst case” scenario. Th
trends in total passenger demand rather than be
homeported in Hawai‘i. As described previously
Hawai‘i-based cruise operations between FY
increase 23 percent in those years. Table 3-6 pr
based on historical growth of passengers. 

Table 3-6.  Growth Rate Analysis of Kahului Cruise Market  
Through FY30  

nning process to see what facilities 

 FY00 
Annual Growth Rate 

FY06 FY30 FY07–FY30 
   451,673 1.7% 

Passengers 52,973 263,017 517,108 2.3% 
   591,555 2.9% 

Source: Bermello Ajamil & Partners. March 2007. 2007 Kahului Cruise Market 
Study. 
 

27 
28 
29 

                                                 
7, NCL announced that the Pride of Hawaii will be transferred to NCL’s European routes in 2008. 

jamil and Partners, Inc. March 2007. 2007 Kahului Cruise Market Study. 

6  In April 200
7  Bermello A
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3.2.4.3 1 
2 

3 
4 
5 
6 

to Kahului are approximately at 85.6 percent 7 
passenger occupancy levels. For comparison, cruise ships in the Caribbean (U.S. east 8 

low 9 
ket 10 

 rate, 59 and 69 percent respectively, Kahului can expect from 525,000 to 11 
12 
13 

14 

Cruise Passenger FY30 Throughput Based on Market Capture 
Analysis 

A second method provided in the cruise market study for projecting future passenger 
throughput is based on market capture. Market capacity is limited by the overall 
potential passenger capacity of vessels sailing through Hawaiian waters. An annual 
growth rate of 2.3 percent results in a capacity of 889,000 passengers by FY30 for the 
Hawai‘i region. Cruise ships sailing 

coast) market typically sail at 97 to 104 percent occupancy. This comparatively 
rate in Hawai‘i allows for considerable growth potential. Using a low and high mar
capture
613,000 passengers by FY30. Table 3-7 shows the FY30 throughput using three 
different growth rates (low, medium, and high). 

Table 3-7.  Kahului Market Capture Analysis Through FY30 

 FY00 FY06 Market Capture Rate FY30 
   59% 524,557 

Passengers 52,973 263,017 64% 569,010 
   69% 613,464 

Source: Bermello Ajamil & Partners. March 2007. 2007 Kahului Cruise Market 
Study. 
 

Inter-island Ferry Passenger P

15 
16 
17 

3.2.5 rojections 18 

Inter-isla s a new 19 
service, cur  20 
historical data to analyze. In orde ojections through FY30, several 21 
assumptions were made: 22 

• The inter-island ferry ship will arri e at  Commerci bor once per 23 
da arri e o M. T ice will be able Sunday 24 
through Saturday (sev  days a week with 52 weeks to th r). The ferry 25 

26 

• cond inter-island ferry vessel will begin operations sometime in 2009 27 
nd call at Kahului Commercial Harbor with the same daily service schedule 28 

as the first ferry. Its expected arrival time is late night. For planning purposes, 29 
projections for this ferry assume that the average load, 110 vehicles and 410 30 

nd ferry service started regular operations in December 2007. As this i
rently operating under close government supervision, there are no

r to determine pr

v Kahului al Har
y with an val tim f 9:30 A he serv  avail

en e yea
8will carry an average load of 110 vehicles and 410 passengers.  

The se
a

                                                 
8  CH2MHill. November 2006. Traffic Study for Kahului Ferry Terminal. 
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passengers, will be met starting in FY10. (The ferry can carry a maxim
282 

um of 1 
passenger vehicles and 866 passengers.) 2 

3 

4 

• Demand for ferry traffic is treated as stable and met as of FY10.  

Table 3-8.  Inter-island FY30 Projections 

 
Category Unit FY08 FY10 FY30 

Inter-island Ferry #1 Passengers Each 149,240 149,240 149,240 
Inter-island Ferry #2 Passengers Each not applicable 149,240 149,240 
TOTAL   149,240 298,480 298,480 

 5 

3.3 PROJ6 

3.3.1 Functional equirements Model 7 

To provide a basis for planning and progra ming of future facilities, an operations/ 8 
planning  meet 9 
projecte isting 10 
and fut haracteristics were applied to the analysis to determine the required 11 
number gth, and draft of future berths. The model was also used to determine open 12 
and covered storage requirements for containers/general cargo, vehicles, and break-13 

14 

15 
16 
17 

• Navigational access, 18 

• 19 

• 20 
21 

22 

• 23 

For this analysis, the model evaluates the two primary 24 
elements of capacity: berth transfer and storage require-25 

ECTED 2030 FACILITY REQUIREMENTS 

R
m

 model was used to calculate berth and storage requirements to
d cargo and passenger demand throughput over the forecast period. Ex

e ship cur
, len

bulk cargo. 

A critical factor in maritime facility planning is the need to 
maintain a balance between the major elements that deter-
mines terminal capacity, which include: 

berth transfer: 
transfer of cargo to and 
from the vessel and the 
berth. 

gate transfer: the 
procedures and 
duration for cargo 
entering or leaving the 
termin l ar

Berth transfer, 

Cargo handling and storage area (both open and 
covered) requirements, a ea through 

the entrance/exit gates. 

remote transfer: the 
distance from the berth 
to the storage area. 

• Gate transfer, and 

Remote (off-port) transfer. 
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ments. 1 
address es the highest capacity values; 2 
howeve link. This is 3 
typi l cy and cargo 4 
dwell times. 5 

The analysis uses a model that links the forecasted growth of primary cargo categories 6 
to the req ements mo tin  prod  para  are on 7 
e atio aila  indu dard ed t cal 8 
con del ppor nity impacts of changes in 9 
o tivity plits no o les re 10 
f al requirements of the port. 11 

3.3.2 Berth Requirements 12 

13 
in Section 3.2 were translated into berth requirements for 14 

ased on 15 
inputs to 16 

17 

18 

19 

20 

 lost for non-operational reasons (weather, work 21 
22 

23 

r ship, 24 

U (containers), 25 

ctors, and 26 

27 

Som o  categories were combined since they shar28 
instance, th load-on/load-off (LO/LO) a29 
(RO O vehicles and are handled simila30 
combined in the analysis. The remaining cargo categories include31 

pace, their require-32 

Once these are evaluated, the remaining elements of capacity can then be 
ed. The berth simulation model often provid
r, the actual capacity of a terminal is controlled by the weakest 

cal y the storage area, which in turn is dependent on handling efficien

uir del. Opera g and uctivity meters based 
xisting port inform n, where av ble, or stry stan s modifi o suit lo

ditions. The mo
perations, produc

offers the o
, cargo s

tu
, tech

 to evaluate 
logy, and w rking ru on futu

unction

The cargo and passenger throughput projections developed dwell time: the amount 
of time a container 

each of the primary cargo and passenger categories b
operating and productivity parameters. The various 
the model include: 

• ship working time at berth, 

• daily working hours, 

• berth occupancy factors, 

• time

spends in the terminal. 

gangs: a unit of 
workers employed to 
load and unload cargo 
from ships. 

restow: reloading or 
relocating cargo. 

stoppages, etc.), 

• average moves/tons per hour, 

• number of cranes/gangs pe

• average weight per TE

• cargo restow fa

• peaking and congestion factors. 

e f the primary cargo e berth space. For 
 containerized cargo, bo

/R ), share berth space with 
nd roll-on/roll-off 
rly, so they were 
 break-bulk, dry-

bulk, and liquid-bulk. Although these cargoes may share berth s
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ments for handling and storage are very different. Passenger categories are also 
addressed separately. 

Table 3-9 summarizes the berth requirements from FY05 through FY30 for primary

1 
2 

 3 
cargo and passenger categories: 4 

5 Table 3-9.  Berth Requirements to Meet Throughput Projections 

 Fiscal Year 

Cargo/Use Category FY05 FY10 FY20 FY30 

Containers and Vehicles 1.50 1.68 2.24 2.80 
Break-Bulk 0.82 0.77 0.81 0.84 
 Subtotal: General Cargo Berths 2.32 2.45 3.05 3.64 
Dry-Bulk 1.25 1.01 1.08 1.14 
Liquid-Bulk 1.08 1.26   1.59 1.93
 Subtotal: Dry- and Liquid-Bulk Berths 2.33 2.27 2.67 3.07 
Subtotal: Cargo Berths 4.65 4.72 1  5.71 6.7
Rounded 5 5 6 7 
Cru  P 1 1 2 2 ise assenger 
Inter-island 1 1 1 1 Ferry 
 S to 2 2 3 ub tal: Passenger Berths 3 
To 7 7 10 tal Berths 9 

 6 
 7 

In addit e total berth length is a critical consideration for 8 
devel pm ents. For each type of cargo and passenger 9 
cate call at Kahului Commercial Harbor. The 10 
bert g valuate the various sizes of vessels for 11 
each type  Table 3-10, which shows the average 12 
vess ize for each cargo and passenger category, including 13 
the req ach. The average vessel size is actually a 14 
weighted averag by each vessel. 15 

ion to the number of berths, th
o ent of future facility requirem

gory, a variety of different vessels 
hin  records for FY06 were reviewed to e

. This information is summarized in
el size and maximum vessel s

uired mooring allowance for e
e based on the number of calls made 
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Table 3-10.  Berth Length by Category 1 

 Average Maximum 

argo Type 
LOA 
(feet) 

MA 
(feet) 

Adjusted 
LOA (feet) 

LOA 
(feet) 

MA 
(feet) 

Adjusted 
LOA (feet) C

Auto ship 428 100 528 579 679  100 
Container/G 100 350 100 450 eneral  325 
Cargo Barge 

425 

Container Ship 800 200 1,000 826 200 1,026 
Cruise Ship 886 200 1,086 965 200 1,165 
Dry-Bulk Ship 237 100 3 6 2 8837 85 00 5 
Inter-Island Ferry 355 400* 755 355 400 755 
Liquid-Bulk Barge 295 100 3 3 1 4295 28 00 8 
Liquid-Bulk Ship** 420 120 540 521 200 721 
Military Vessel 198 80 2 3 1 4778 78 00 8 
Other/Break-Bulk 394 100 494 497 100 597 
Tug 115 50 165 135 50 185 

L rall  2 
M3 
* arge/ramp for ferry loading 4 

* Includes propane and fuels 5 
6 
7 

8 
9 

10 
11 
12 

30 13 

OA = length ove
A = mooring allowance 

 Includes b
*
 
 

Vessel sizes have increased over the years, so it is reasonable to assume that the 
average vessel size will continue to increase over the forecast period. Therefore, for 
the purpose of estimating berth length requirements for FY30, the maximum length is 
used, as it is a better indicator of future needs than the average length. This is 
summarized in Table 3-11. 

Table 3-11.  Berth Requirements Summary for FY

Vessel Length Berth Number Total Berth 
Cargo Category Type (LOA) Length of Berths Length 

Container/General Cargo Barg 0 ft 450 ft 900 e 35 2 
Container/Auto Shi 82 026p 6 ft 1,  ft 1 1,026 
Bre Ba 3 50ak-Bulk rge 50 ft 4  ft 1 450 
Dry-Bulk Shi 558 758  p ft  ft 1 758
Liquid-Bulk Barg 328 428  e ft  ft 1 428
Liquid-Bulk Ship 521 ft 200 ft 1 721 
Subtotal: Cargo     7 4,283
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Table 3-11.  Berth Requirements Summary for FY30 (continued) 1 

Vessel Length Berth Number Total Berth 
Cargo Category Type (LOA) Length of Berths Length 

Cruise Passenger Crui
Sh

965 1,165se 
ip 

ft  ft 2 2,330 

Inter-Island Ferry Fer 355 ft 355  ry * ft* 1 355
Subtotal: Passenger    3 2,685 
Total  1  0 6,968 

L rall 2 
ft = feet 3 

s no longer needed. 4 
5 
6 

and berth lengths are listed separately, in some cases it 7 
ay be possible to share berth space depending on availability. For instance, cruise 8 

essels currently share berth space with cargo vessels at Pier 1. Providing a second 9 
10 
11 

3.3.3 12 

The cargo throughput projections developed in Section 3.2 were used to determine 13 
open and co  indices and 14 
dwell times appropriate for l co s. Inp is mo clud15 

• , 16 

od, 17 

age densities, 18 

pe of equipment, an19 

king and congesti ctors. 20 

Cargo Containers 21 

For containerized cargo, input to the model is further broken down to include imports 22 
and exports, full and empty containers, distribution of 20-, 40-, and 45-foot units, 23 
reefers, and out-of-service units. Output from the model includes open storage area 24 
requirements for full containers, empty containers, reefers, and out of service units (or 25 
chassis storage). These areas are summed to arrive at the net container yard area, and a 26 
factor is applied (20 percent) to account for terminal circulation, entry gates, and the 27 

OA = length ove

* Assumes barge/ramp i
 
 

Although the number of berths 
m
v
cruise berth may be avoided or delayed if cruise vessels are allowed to share berth 
space with cargo vessels in the future. Refer to Chapter 4 for further discussion. 

Storage Requirements 

vered storage needs by cargo category, using storage density
the loca ndition uts to th del in e: 

 cargo dwell times

• storage meth

• stor

• ty d 

• pea on fa
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irregul uired. 1 
The result of this analysis is n T 12. 2 

ble 3-12.  iner  Req ents b ear 3 

ar shape of the operational areas to calculate the total terminal area req
shown i able 3-

Ta Conta  Yard uirem y Y

 Containers 

Year Full Empty 

Out of Service Total 
Reefers Net CY 

(ac) Total (ac) 
Chassis Terminal 

(ac) (ac) 
FY05 6.7 11.8 18.5 2.3 0.2 1.0 2 25.2 
FY10 8.0 14.0 22.0 2.7 0.2 24.9 29.9 
FY20 10.9 19.0 29.9 3.7 0.3 33.9 40.6 
FY30 13.8 24.0 37.8 4.7 0.3 42.8 51.4 

CY = container yard 4 
c = acres 5 

6 
7 

8 
9 

Vehicles 10 

ed to calculate required areas for imports and 11 
12 
13 

Table 3-13.  Vehicle Storage Requirements by Year 14 

a
 
 

As shown in the table, the required container storage area would double over the 
forecast period, from 25.2 acres in FY05 to 51.4 acres in FY30. 

For vehicle storage, the model was us
exports, including their respective dwell times and typical storage densities. Results of 
this analysis are shown in Table 3-13. 

Year Import Exports Total 
FY05 6.3 ac 2.5 ac 8.8 ac 
FY10 6.7 ac 3.0 ac 10.7 ac 
FY20 7.7 ac 4.1 ac 11.8 ac 
FY30 8.9 ac 5.3 ac 14.2 ac 

ac = acres 15 
 16 

17 

18 
19 
20 
21 
22 

 

As shown, the required vehicle storage area would increase from 8.8 acres in FY05 to 
14.2 acres in FY30. The current auto storage area at Kahului Commercial Harbor is 
approximately 3.7 acres, which indicates a significant shortfall. However, this is 
somewhat misleading, as some vehicles are stored elsewhere on the property (i.e., Pier 
2/3 area), and some vehicles are stored on non-DOT Harbor property. Nevertheless, 
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additional vehicle storage area is needed in the near term to alleviate congestion and 
certainly in the long term as vehicle throughput is p

1 
rojected to increase. 2 

Covered Sto3 

Cov rage or hand o rgo and oth  4 
se  to su ea hi nl  to as tai t 5 
s  (CFS or nal it wa umed th a percenta f int nd 6 
c ers,  im an ports, processe the CFS. Further as 7 
a d tha l of “Oth reak-B ” (prima eral m andis  in 8 
c rs) oce at the CFS. Ou  from the del consi f the ed 9 
a  squa et fo rt d e rt cargo, mmarize able 10 

ble 3-14.  Covered Storage (CFS) Area Requirements by Year 11 

rage 

ered sto is required f ling/cons
s is commo

lidating LCL ca
y referred

er cargoes
ner freighnsitive  expo re to w ther. T  a con

tation
ontain

). F
both

the a
ports 

ysis, 
d ex

s ass
are 

at 
d at 

ge o er-isla
, it w

ssume t al  the er B ulk rily gen erch e not
ontaine  is pr ssed tput  mo sts o requir
rea in re fe r impo cargo an xpo as su d in T 3-14. 

Ta

Year Import Exports Total 
FY05 22,200 sq ft 18,000 sq ft 40,200 sq ft 
FY10 23,800 sq ft 20,200 sq ft 44,000 sq ft 
FY20 29,100 sq ft 26,100 sq ft 55,200 sq ft 
FY30 34,500 sq ft 31,900 sq ft 66,400 sq ft 

sq ft = square feet 12 
13 
14 

orage requirements would increase as cargo 15 
throughput increases during the forecast period. However, the two sheds serving Pier 2 16 
were recently ter-island 17 
cargo. The car rminal o  has agr ontinue t L business at 18 
Kahului Comm  Harbor h 2010,9  indicated it may not be 19 
willing to co  after that t overed storage is still an i nt part of port 20 
operations an xpected to ired in fu A co orage building 21 
does not nec  have to be d adjacent pier, but m ocated off port 22 
property to conserve space nea ers for ope ge. 23 

Dry-Bulk 24 

25 
26 

                    

 
 

The model predicts that covered st

 demolished to provide additional open storage space for in
go te
ercial

perator
 throug

eed to c
 but has

he LC
 that 

ntinue ime. C mporta
d is e be requ ture years. vered st

essarily  locate to the ay be l
r the pi n stora

Dry-bulk cargoes include sugar, cement, scrap metal, sand, and coal. Sugar is 
transferred by conveyor at Pier 1 to storage facilities located off port property. No 

                             
ai‘i. April 2007. Summary of Memorandum of Understanding Between Young Brothers, Department of 

ion and Department of Commerce and Consumer Affairs on Less Than Container Load Cargo. 

9  State of Haw
Transportat
www.hawaii.gov/gov/news/releases/2006/news/releases/Folder.2006-04-
27.2244/YB%20Agreement%20LCL%20Summary.8.21.06.pdf/download. Accessed May 2007. 
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additional storage space, open or covered, is required for this operation. Cement is off-
loaded at Pier 2 and is transferred via transmission pipelines to storage s

1 
ilos located in 2 

the Pier 2/3 back area. These silos are to be relocated in the future to the current 3 
location of the Maui District’s office. No additional space is required on DOT Harbors 4 

ining dry-bulk cargoes are stored off site and trucked for 5 
6 

7 

8 
9 

el. 10 
Currently, Pier 3 is the primary berthing location for fuel barges. The area fronting that 11 
pier is ems 12 
include a 13 
result, fully d fuel bar Pier 1 in lieu . 14 

Fuel delive part of a roblem st d DOT currently 15 
undertakin tatewide ilities De an (F ahului 16 
Commerci bor is n  state fac onflicts b id-bulk 17 
fuel transp and oth sers. Beca ortat alized in 18 
nature pliance with numerous safety regulations, it is highly desirable 19 
to have dedicated fuel product handling facilities separate from other harbor activities. 20 
The Fu l Plan is examining the feasibility of such facilities at each commercial harbor 21 

22 

23 
24 
25 
26 
27 

se needs were identified as 28 
follows: 29 

cient transport of fuels will require dedicated fuel piers to ensure an 30 
31 

32 
constantly changing volumes and types of fuels. 33 

property. The rema
loading/unloading at the berth. No storage space is required on DOT Harbors property. 

Liquid-Bulk 

A major consideration in the future development of Kahului Commercial Harbor is the 
receiving and storing of shipments of fuel products, including fuel oil for Maui 
Electric Company’s generating stations, gasoline, diesel, ethanol, and aviation fu

too shallow for berthing of fully-loaded fuel barges. Other operational probl
conflicts with barge operations at Pier 2 and berthing of cement barges. As 

 loade ges use  of Pier 3

ry is  systemic p atewide, an Harbors is 
g a S  Fuel Fac velopment Pl uel Plan). K
al Har
orters 

ot the only
er harbor u

ility with c
use fuel transp

etween liqu
ion is speci

 and requires com

e
in the state, including Kahului Commercial Harbor. 

Not only will the volume of fuels increase in the future, but the variety of fuels will 
become more diverse. Biofuels and other alternative fuels will increase in importance, 
and the technical sophistication in transporting and storing these fuels will evolve. 
New facilities will have to be flexible to accommodate varying fuel types, changing 
fuel loading technology, and new designs of fuel barges, fuel ships, and piers. 

Requirements for Kahului Commercial Harbor to meet the

1. Effi
increasingly technically demanding handling of fuel. 

2. Fuel piers need to be flexible in space and configuration to accommodate 
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3. New designs of barges and fuel ships (e.g., double hull)10 have to be 
accommodated, which calls for generous lengths and draft capacities of future 
fuel piers. 

4. Fuel piers can be built on marginal locations in the harbor, not requiring the 
quality of access that cargo piers need. 

1 
2 
3 

4 
5 

irements as the primary considerations, potential scenarios for fuel 6 
7 
8 
9 

10 
11 
12 
13 
14 

3.3.4 15 

16 
17 
18 
19 

20 

21 
22 
23 

c. is not 24 
necessary. Instead, a small building or canopy, approximately 4,000 square feet, is 25 

26 
27 

Inte s28 

The existing inter-island ferry operations area at Pier 2 comprises approximately 4.4 29 
acres w30 

                                                

With these requ
facilities in Kahului Commercial Harbor have been evaluated, involving all three 
existing piers, combinations of piers, and even areas outside the harbor. Although it is 
still unclear which scenario will be adopted, four general scenarios are being 
considered. The first involves a new Pier 4 adjacent to the existing Pier 3; the second 
would extend towards Pier 1 and enlarge Pier 3; the third would construct a new 
bulkhead system using sheet piles in the front of the existing Pier 3; and the fourth 
would use Pier 1C and the Pier 1D Extension as berth sites. These scenarios are 
depicted and discussed further in Chapter 4. 

Passenger Requirements 
Passenger operations at Kahului Commercial Harbor include cruise ships and the 
inter-island ferry. For safety and security reasons, passenger operations should be 
separated from cargo operations to the extent practical and should include dedicated 
facilities for parking, public transportation, and passenger processing and comfort. 

Cruise Ship 

Future facility requirements for cruise operations include approximately 3.3 acres for 
parking and traffic circulation. Space is provided for 12 buses and 100 autos, both 
private vehicles and taxis. Since Kahului Commercial Harbor is not a homeport, a 
cruise terminal building with baggage claim space, ticketing/registration, et

sufficient to protect passengers from the elements while coming off or getting on the 
ship. 

r-I land Ferry 

ith dedicated facilities for vehicle queuing, vehicle inspections, passenger pick-

 
10  The Oil Pollution Act of 1990 requires tank vessels over a specified tonnage and operating in U.S. waters to have 

double hulls or equivalent or greater protection by January 1, 2015. This measure is to help provide protection to the 
marine environment by increasing the environmental and operational safety of tank vessels. 
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up a  1 
are not 2 

3.3.5 Ad3 

As the ui, Kahului Commercial Harbor has to 4 
accommodate a diverse range of operations and activities.11 These include: ship 5 

6 
7 
8 
9 

10 

11 
12 

n), the harbor is projected to run out of 13 
storage space by 2008 and will need to look to acquire additional lands and/or modify 14 
the way cargo operations are managed. This would involve constructing additional 15 

assenger), extending current piers, as well 16 
17 
18 
19 
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nts 21 
are projected to increase by 92 percent by FY30, future land area will need to increase 22 

47 percent increase) to meet this future demand. Along with the 23 
24 
25 
26 
27 

3.3.6 28 
irements 29 

Presently, the harbor basin is 2,050 feet wide by 2,400 feet long with a project depth 30 
eakwaters protect the harbor with an entrance to the north. 31 

32 
33 

 34 
installation of concrete armor units (tetrapods) weighing up to 50 tons each. The 35 

nd drop-off, passenger waiting, luggage handling, and bathrooms. Ferry facilities 
expected to increase substantially. 

ditional Land Area to Meet 2030 Requirements 
only deep-draft commercial port on Ma

berthing (barges, container ships, fuel tankers, tubgoats, cruise ships, ferry vessels; 
safe navigation operations); cargo handling and storage (containers, fuels, hazardous 
materials, vehicles, and others); port security (terminals and within the harbor); cruise 
ship and inter-island ferry operations; and recreational uses of the harbor (canoe 
paddling, surfing, fishing). 

Kahului Commercial Harbor is located within a highly developed area. As a result, 
available land space is scarce and expensive. According to the Kahului Commercial 
Harbor 2025 Master Plan (2025 Master Pla

multi-use piers (handling both cargo and p
as other types of berthing options such as tendering or off-shore piping. The 
commercial harbor is 448 acres in size. The available open storage area is 
approximately 45.6 acres, which excludes the submerged land and approximately 20 
percent for areas consisting of internal roads, traffic circulation, working aisles, 
buildings, and other areas not used for handling cargo. As cargo storage requireme

to 67 acres (
requirement for more land area is the need for additional berths to accommodate an 
increase in ship traffic—larger vessels and more ships calling at Kahului Commercial 
Harbor. Future projections show a need for 10 berths (an increase of 43 percent) by 
FY30. 

Dredging and Breakwater Construction to Meet FY30 
Requ

of 35 feet. Two large br
Specifically, the East and West Breakwaters protect Kahului Commercial Harbor from 
direct exposure to wind and waves from the north and northeast. The breakwaters 
have a long history of construction and repair and have held up well following

                                                 
Agencies that operate within the harbor include DOT Harbors, U.S. Coast Guard (USCG), and the State Division of 
Boating and Ocean Recreation (DOBOR). 

11  
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entrance channel between the breakwaters is 660 feet wide and 40 feet deep, which is 
adequate for vessels currently entering 

1 
the harbor. No significant changes to the 2 

entrance channel are expected through FY30, as the channel width cannot be 3 
increased without removing a portion of the East or West Breakwater, and the depth 4 
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would not be increased unless the harbor basin depth was increased
scenarios appears likely.  

The harbor basin will require expansion as facilities improvements are made in 
response to growing demands through FY30. In particular, development of the West 
Breakwater Harbor area for cargo or passenger operations would involve expansion of 
the turning basin by approximately 800 feet to the west to provide a 35-foot depth for 
vessels to safely navigate into the new berth(s). 

Construction of new facilities to accommodate future cargo projections necessitates 
expansion into areas of the harbor that are not currently used, such as the West 
Breakwater Harbor Development. These areas are exposed to higher wave energy 
passing through the entrance channel and will require improvements to the existing 
breakwaters. The U.S. Army Corps of Engineers, Engineer Research and 
Development Center (USACE ERDC) conducted a study12 in support of the 2025 
Master Plan for Kahului Commercial Harbor. Three configurations of breakwater 
extensions were numerically modeled to evaluate the response to wind, waves, swell, 
and harbor oscillations:  

• Alternative A (2025 Master Plan)—Reorient entrance channel; construct 900-
foot seaward extension of the East Breakwater. 

• Alternative B (Plan B)—Construct a realigned 900-foot seaward extension of 
the East Breakwater. 

• Alternative C (Plan C)—Construct a 450-foot seaward extension on the East 
Breakwater and a 600-foot landward extension on West Breakwater. 

The study concluded that Alternatives A and B were generally acceptable 
long waves but noted concerns about wind wave and swell energy 
Breakwater Harbor D
short waves, but oscillations may increase at Piers 1, 2, and 5. 

For planning purposes, a 900-foot seaward extension at the East Breakwater is 
considered an important facility improvement to reduce wave energy within the 
harbor. There is still a concern regarding potential wave and swell energy at the West 
Breakwater Harbor Development, which would impact navigation and vessel 

 

i, Hawaii. 

12  U.S. Army Corps of Engineers, Engineer Research and Development Center. June 2002. Wave Climate and Wave 
Response, 2025 Plan, Kahului Harbor, Mau
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berthing. Consequently, a breakwater extension or similar structure is necessary to 
protect vessels at the West Breakwater Harbor Development. The actual design and 
extent of these extensions are subject to further technical evaluation using the 
numerical or physical models developed by the ERDC, as well as further environ-
mental review. It is envisioned that the extension would be parallel to the berth to 
minimize encroachment 

1 
2 
3 
4 
5 

into the harbor basin. Figure 3-1 shows the anticipated 6 
location and configuration of breakwater extensions at the East and West Breakwaters. 7 
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4.1 INTRODUCTION 

Kahului Commercial Harbor port facilities and harbor conditions are expected to 
change in response to greater demands due to population growth, economic growth, 
and technological and operational changes in the maritime industry. The State of 
Hawai‘i, Department of Transportation (DOT) Harbors Division (DOT Harbors) has 
prepared a long-range master plan, incorporated into this document, which serves as 
a guide for development, enhancement, and maintenance of the harbor through 
2030. As part of this Kahului Commercial Harbor 2030 Master Plan (2030 Master 
Plan), several alternatives have been developed to address future requirements for 
Kahului Commercial Harbor. While these alternatives were crafted with likely users 
in mind, DOT Harbors will continue its policy of keeping berthing spaces multi-use. 
Three alternatives are evaluated in this document: 

• Alternative A—Develop cruise and inter-island ferry facilities at the West 
Breakwater Harbor Development; expand Piers 1 and 2 for cargo operations, 
and build new fuel facility at Pier 3 or 4. 

• Alternative B—Develop cruise and inter-island ferry facilities at Pier 2; 
expand cargo facilities at Piers 1 and 3 and at the West Breakwater Harbor 
Development. 

• No Action Alternative. 

4.2 ALTERNATIVES DEVELOPMENT: THE MASTER 
PLANNING PROCESS 

The following were primary influences during the harbor master planning process: 
(1) Kahului Commercial Harbor 2025 Master Plan (2025 Master Plan), (2) Hawaii 
Harbor Users Group Report on Port Facilities and Development Priorities, (3) 
collaboration with the Maui Harbor Users Group (MHUG) for the 2030 Master Plan, 
and (4) Wailuku-Kahului Community Plan. These are briefly described below. 
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4.2.1 Kahului Commercial Harbor 2025 Master Plan 1 
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Completed in 2000, this plan updated the 2010 Master Plan for Kahului Commercial 
Harbor. Objectives of the 2025 Master Plan were: 

• Plan the proper development of the Kahului Commercial Harbor. 

• Optimize the utilization of land and water resources committed to marine 
cargo and passenger operations in an economically responsible manner. 

• Provide terminals, other harbor resources, and access to these facilities in 
locations within Kahului Bay and other locations in a manner that best relates 
to and serves Maui in an efficient, safe, and secure manner. 

• Minimize the impact on environmental quality and recreational opportunities 
contiguous with Maui’s port facilities. 

Additionally, the Final Environmental Assessment and Finding of No Significant 
Impact 2025 Master Plan Improvements Kahului Commercial Harbor (2025 Master 
Plan Environmental Assessment [EA]) identified short- and long-term improvements 
for the harbor. The short-term improvements, considered necessary within 10 years 
(by 2015), included the following:  

• Pier 1 extension (Pier 1D). 

• Pier 1 comfort stations and sewer line. 

• Pier 1 waterline. 

• Pier 3 expansion (including dredging between Piers 1 and 2). 

• Pier 4 construction (in phases as funds become available). 

• Structural pavement, access bridge, and utilities at Pu‘unēnē Yard. 

To date, approximately half of the comfort station and sewer line project, a portion of 
the Pier 1 waterline, and the Pu‘unēnē Yard improvements have been started or 
completed. Under the 2025 Master Plan EA, the Pier 1 extension would involve 
constructing a new 500-foot-long system of breasting dolphins. The single mooring 
dolphin located 225 feet from the end of Pier 1C, completed in 2005, is not part of the 
2025 Master Plan EA improvements. 

Long-term projects identified in the 2025 Master Plan EA include: 

• Pier 5 (West Breakwater Harbor Development) construction and associated 
dredging. 
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• Harbor turning basin dredging and deepening of the existing channel, 
breakwater improvements, and main channel improvements. 
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• While Pier 2C was proposed in the 2025 Master Plan, this project will not be 
constructed in response to comments from canoe clubs and paddlers that use 
Kahului Commercial Harbor for practices and regattas.1 

None of these long-term projects has been started. 

4.2.2 Hawaii Harbor User Group Report 
In 2005, key harbor users in the state formed the Hawai‘i Harbor Users Group 
(HHUG) and funded preparation of a report on port facilities and development 
priorities. The report evaluated the status of each of the commercial harbors in 
Hawai‘i, identified key operating and capacity issues statewide and at each harbor, and 
recommended short-, medium-, and long-term developments to relieve existing 
problems and accommodate anticipated growth. The study identified an impending 
shortage of port facilities on many of the islands caused by rapid growth of cruise 
traffic, the introduction of inter-island ferry service, and the continued growth in the 
transportation of core commodities and consumer goods. The study concluded that the 
harbor capacity situation on Maui is the most critical of all the neighbor islands; the 
severity of the problem and the magnitude of the consequences make creation of new 
port capacity on Maui one of the top strategic priorities for Hawai‘i’s commercial 
harbors system. The following were identified as critical facility capacity and access 
issues at Kahului Commercial Harbor: 

• Create a terminal facility for the inter-island ferry. 

• Provide additional space for container and cargo operations. 

• Relocate cement storage away from the Young Brothers operational area. 

• Address competition for berth space between cruise ships, fuel barges, and 
bulk sugar loading at Pier 1A. 

• Separate cruise and cargo operations for safety, security, and operational 
reasons. 

• Dredge adjacent to Pier 3 to allow access by fully-loaded fuel barges. 

• Develop a vessel management system for harbor entrance access. 

 
1  State of Hawai‘i, Department of Transportation, Harbors Division. November 2005. Final Environmental Assessment 

and Finding of No Significant Impact 2025 Master Plan Improvements Kahului Commercial Harbor. 

 4-3  



CHAPTER 4  KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN 
PROPOSED ACTION AND ALTERNATIVES  DRAFT ENVIRONMENTAL IMPACT STATEMENT 

The HHUG report identified the following development priorities for Kahului 
Commercial Harbor: 
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• Develop the west side of the harbor for cruise and ferry operations (this was 
the highest identified priority, albeit a long-term strategic goal due to the cost). 

• Plan and implement harbor improvements as soon as possible to avoid greater 
disruptions related to construction operations as the harbor becomes even 
busier. 

• Immediately establish a formal vessel traffic management system to 
coordinate harbor traffic and improve vessel safety. 

• Provide a 24-foot-deep berth for fuel barge operations and expand the number 
of berths available within the existing port. (The 2025 Master Plan and the 
HHUG study recommended expansion of Pier 3 towards Pier 1 to create Pier 
4. However, because longer barges are coming into service and the nearshore 
ends of Piers 1 and 2 are actively used, extension of Pier 3 to create Pier 4 
would not result in another functional berth. DOT Harbors has commissioned 
a separate study to investigate options for fuel deliveries.) 

• Enhance the cruise passenger facility to improve the ability to turn2 a vessel 
on Maui in order to offer three- to four-day cruises. 

• Provide a new access route to Pier 2B from Pu‘unēnē Avenue, separating 
traffic from inter-island cargo operations areas. 

• Make several improvements to the Pier 2 landside area, including relocating 
cement tanks elsewhere and closing Ala Luina Street3 to expand the inter-
island cargo terminal. 

4.2.3 Maui Harbor User Group (MHUG) 
To assist DOT Harbors and the planning team on the 2030 Master Plan, MHUG was 
formed. The MHUG consisted of representatives of stakeholders in Kahului 
Commercial Harbor’s development, including those concerned with overseas cargo, 
inter-island cargo, cruise ships, inter-island ferry service, and tug boats, as well as 
harbor pilots, the U.S. Coast Guard (USCG), major exporters and importers, the U.S. 
Army Corps of Engineers (USACE), state and county government agencies, non-
governmental groups concerned with economic development or tourism, and 
recreational users of the harbor, including canoe paddlers, surfers, and small boaters. 
(A list of participants is provided in Appendix A.) The charter of the MHUG was to 

 
2  Turn refers to how long a vessel is at berth. 
3  Ala Luina Street was closed to through traffic in February 2007. Traffic is limited to vehicles going to/from Matson 

sales office, Harbors Division office and truck traffic for Young Brothers and sand barges. 
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provide technical guidance to the master planning team. While it was recognized at 
the outset that reaching group consensus concerning harbor development was 
probably an unrealistic goal (considering the diverse and sometimes competing 
interests represented), MHUG proceedings were characterized by sincere efforts to 
balance interests and accommodate the needs of all user groups. The MHUG met on 
three occasions; the meeting process, objectives, and work products are summarized 
below. 
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MHUG Meeting #1 

The first MHUG meeting was held on October 16, 2006. Participants were divided 
into small groups with major interests represented in each group. Each group 
identified expectations and issues they felt were important in planning for the future. 
From this exercise, a list of criteria was developed for use in evaluating future harbor 
development alternatives. These criteria were then used as the basis for the second 
MHUG meeting. 

MHUG Meeting #2 

The second MHUG meeting was held on November 13, 2006. For this meeting, the 
MHUG was divided into small groups with similar interests. Interests represented 
were cargo, cruise, and ferry operations, recreational users, and landside agencies. 
Participants were provided a list of assumptions and criteria developed from the first 
meeting, and each group was asked to accept, reject, or modify them as appropriate. 
Each group was also provided with a “menu” of potential harbor developments for 
cargo, cruise, ferry, and recreational uses. The groups were tasked with developing an 
alternative harbor configuration that met the assumptions and criteria they felt were 
most important. From this exercise, a total of five different alternatives were 
generated. Three of the alternatives were similar, to the extent that passenger 
operations (cruise and ferry) were moved to the West Breakwater Harbor 
Development, and cargo operations were concentrated at Piers 1, 2, and 3. The other 
two alternatives expanded the harbor, one to the northwest of the West Breakwater, 
and one to the northeast of the East Breakwater. 

While there were clearly differences between the small groups and their alternative 
solutions, the group as a whole approved of two criteria. The majority of the MHUG 
agreed that (1) one dedicated cruise berth would be sufficient for the harbor, even 
though the projections indicate a second cruise berth would be needed by 2030; and 
(2) that cargo would have highest priority in developing the 2030 Master Plan. 
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The final MHUG meeting was held on January 10, 2007. The working list of 
assumptions and criteria developed in the previous meeting was distributed at the 
outset of the third meeting. The list is presented in Figure 4-1. 

Based on the various alternatives developed in the second MHUG meeting, along with 
the set of assumptions and criteria above, four primary alternatives and two long-range 
alternatives were presented by the planning team for review and discussion. Each 
participant was asked to select a preferred alternative from among the four primary 
alternatives. Modifications to any alternative could be proposed and all alternatives 
could be rejected. Although a complete consensus was not reached, there was 
overwhelming support for the eventual preferred alternative, Alternative A (Section 
4.3 provides detailed descriptions of the alternatives). 

4.2.4 Wailuku-Kahului Community Plan 
The Community Plan “reflects current and anticipated conditions in the Wailuku-
Kahului region and advances planning goals, objectives, policies and implementation 
considerations to guide decision-making in the region through the year 2010. The 
Wailuku-Kahului Community Plan provides specific recommendations to address the 
goals, objectives and policies contained in the [Maui] General Plan, while recognizing 
the historic values and unique spiritual significance of island cultures of Wailuku-
Kahului, in order to enhance the region’s overall living environment.” 

This 2030 Master Plan was developed recognizing (1) the critical importance of 
Kahului Commercial Harbor to all of Maui’s residents and visitors, (2) its particular 
cultural and recreational value to residents of Central Maui, and (3) the dispro-
portionate impacts that harbor development could have on the residents, infrastructure, 
and environment of the region. To better understand the aspirations of the Central 
Maui community, the planning team reviewed the Wailuku-Kahului Community Plan 
for guidance on future development of Kahului Commercial Harbor. The goals and 
objectives of the community are formalized in this plan which tiers from the Maui 
County General Plan, the State Functional Plans, and the Hawai‘i State Plan. 
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Figure 4-1
MHUG ASSUMPTIONS AND CRITERIA FOR 

KAHULUI COMMERCIAL HARBOR
Kahului Commercial Harbor 2030 Master Plan

Draft Environmental Impact Statement
December 2007
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At the two Maui Harbor Users Group meetings held in 2006, 
participants agreed on the following assumptions:

 • Maui needs the harbor space—berth space and land 
area—to move commercial cargoes to and from the 
island. This is a priority now and as the economy 
expands in the future.

 • We need solutions that can be implemented soon and 
a plan that will address current needs. The solution for 
2030 must be one that can be reached step by step 
over the coming years, not a vision that would take so 
much work and money to implement that it will never 
be realized.

 • We have to co-exist in the harbor as a community. This 
means both that it’s important to accommodate 
commercial and recreational uses, and that broad 
community support is wanted for improvements in the 
harbor area.

 • Consider navigational issues—notably surge—
seriously.

 • Consider safety and security. Plan for security zones.

 • Ships and barges are getting bigger. If we plan just for 
current sizes, we may face serious problems of 
congestion with new vessels.

These additional assumptions had strong support:

 • Separate cargo and passenger activities.

 • Organize berthing as efficiently as possible, with 
multiple uses in mind. Don’t dedicate berths to one use, 
leaving some areas underused and others congested.

The consultants presented the results of demand studies to 
the Users Group.  The Users Group then identified minimal 
criteria:

 • 7 cargo berths (although one group had plans to make 
do with 6).

 • 1 cruise berth (although the projections study 
indicated demand for 2).

 • Land area for these activities:

 • 52 acres open space for containers and general cargo;

 • 10 acres for autos.

 • Approximately 63,000 square feet of warehouse 
space.

 • Dry bulk and liquid bulk storage outside the port area.

 • Approximately 11 acres for cruise and ferry logistics, 
and parking.

 • A cruise terminal (approximately 36,000 square feet).
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The Community Plan provides specific guidance for the future of Kahului 
Commercial Harbor. Generally, the Community Plan states “…the commercial port of 
Kahului Commercial Harbor is viewed as inadequate and approaching capacity. In the 
long term, a new commercial harbor facility may be needed, given the limited area of 
the existing harbor.” As described in 
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Section 4.6.2, several previous studies have 
investigated possible sites for a second Maui commercial harbor, but costs, 
environmental constraints, and community opposition have forestalled this initiative. 
The 2030 Master Plan recognizes the eventual need for expansion of commercial 
harbor facilities, alongside Kahului Commercial Harbor or elsewhere in Maui. It 
concludes, however, that such a development is outside the planning horizon of the 
2030 Master Plan, especially given that utilization of the West Breakwater Harbor 
Development would alleviate a great deal of the congestion now being experienced in 
Kahului Commercial Harbor. 

The Wailuku-Kahului Community Plan offers other guidance on future development 
of Kahului Commercial Harbor and its environs. Specific aspirations of that plan are: 

• Support the expansion of Kahului Commercial Harbor, the island’s primary 
commercial harbor, to accommodate long-term needs. DOT should be 
encouraged to allow recreational uses by canoe clubs or provide an alternative 
site for such uses in its long-range master plan. The harbor master should also 
incorporate safe bicycle and pedestrian access (to be part of a “greenway” 
connecting Kahului to Paia). Support the investigation of alternative sites for a 
second commercial harbor facility on the island of Maui. Further, DOT should 
be strongly encouraged to mitigate its traffic impacts prior to, or in 
conjunction with the Harbor expansion, including but not limited to the 
following: 

 Improve the intersections between Ka‘ahumanu Avenue and Wharf 
Street and Hobron Avenue; 

 Provide alternative and bypass routes for vehicular traffic, possibly 
including a direct route to Kahului Airport; 

 Provide safe (possibly underpass) routes for pedestrian traffic; 

 Acquire pockets of land for more efficient facility location within 
Kahului Commercial Harbor; and 

 Work with the community to plan a second commercial harbor. 

• Encourage joint government action in the investigation of seaweed build-up in 
Kahului Commercial Harbor and other affected areas and the implementation 
of coordinated clean-up and other mitigative actions. 
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• Place high priority on updating plans for Keopuolani Park, including enhance-
ment of the Kahului Commercial Harbor shoreline. 
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4.3 DESCRIPTION OF ALTERNATIVES 

The final set of alternatives for the 2030 Master Plan and Draft Environmental Impact 
Statement (EIS) for Kahului Commercial Harbor is based in large part on the discus-
sions and output generated during the MHUG meetings. These alternatives are: 

• Alternative A—Develop cruise and inter-island ferry facilities at the West 
Breakwater Harbor Development; expand Piers 1 and 2 for cargo operations, 
and build new fuel facility at Pier 3 or 4. 

• Alternative B—Develop cruise and inter-island ferry facilities at Pier 2; 
expand cargo facilities at Piers 1 and 3 and at the West Breakwater Harbor 
Development. 

• No Action Alternative. 

4.3.1 Alternative A (Proposed Action) 
Develop cruise and inter-island ferry facilities at the West Breakwater Harbor 
Development; expand Piers 1 and 2 for cargo operations, and build new fuel facility 
at Pier 3 or 4. 

Under Alternative A, terminals for the cruise ship and inter-island ferry operations 
would be developed at the West Breakwater Harbor Development. Passenger 
operations would be relocated from Piers 1 and 2 to relieve existing congestion, 
improve passenger safety and security, and provide capacity for cargo handling 
growth through FY30.4 Figure 4-2A shows Alternative A1 with a new Pier 4. Figure 
4-2B shows Alternative A2 with a new Pier 3.5

The existing harbor basin would be widened approximately 800 feet to allow safe 
navigation and access to the proposed cruise and ferry berths at the West Breakwater 
Harbor Development. An inner breakwater extension or bulkhead structure is required 
to limit wave action and surge at the West Breakwater Harbor Development. An 
extension of the East Breakwater is also required to limit wave action and surge 
currently affecting vessels navigating within the entrance channel and harbor turning 
basin, as well as vessels at berth. 

 
4  Space for a transit stop could be incorporated in terminal design. 
5  There are other fuel pier options that are being actively considered for Pier 3, along with the variants that would locate 

fuel operations at Berths 1C and 1D. 
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The proposed West Breakwater Harbor Development passenger terminals would 
include two new piers (a 500-foot pier and a 1,200-foot pier) and approximately 22 
acres of backup area for cruise passengers, inter-island ferry passengers, and future 
markets to be determined. The West Breakwater Harbor Development would be filled, 
graded, paved to support heavy loads, and bounded by perimeter security fencing. 
Support facilities (such as offices, roads and staging areas, infrastructure 
improvements, utilities, and security measures) would be constructed as part of this 
alternative. 
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Note that the configuration of the filled area (Pier 2) and breakwater extension in the 
figures are conceptual. The conceptual design is intended to help determine the land 
area deemed necessary in the master plan forecasts. The final design and configuration 
of the improvements are dependent on further development plans or engineering 
studies. 

Pier 1 would be lengthened from 1,658 feet to 2,400 feet and the backup area enlarged 
to 20.5 acres. Primary cargoes for Pier 1 would include overseas containers, autos, 
sugar, molasses, sand, gravel, pineapple, tin plate, scrap material, coal, petroleum 
products, and future markets to be determined. 

Pier 2 would be lengthened from 894 feet to 1,200 feet and the backup area enlarged 
to 28.9 acres. Primary cargoes for Pier 2 would be inter-island containers, autos, roll-
on/roll-off (RO/RO) operations, petroleum products, dry cement, and future markets 
to be determined.  

The surface of Pier 2 would be strengthened to support 1,000 pounds per square foot 
(psf) loads. The pier area would be enlarged to the north by filling the triangular area 
between the current end of the pier and the beach near Pu‘unēnē Avenue. 

As of this writing, the Statewide Fuel Facilities Development Plan (Fuel Plan) has 
identified three ways to alter Pier 3 to create a new fuel pier: 

• One option would be to create a new Pier 4 perpendicular to Pier 3 (Figure 
4-2A). The new Pier 46 would provide berthing and transmission facilities for 
liquid and dry-bulk cargoes. Primary cargoes would include fossil fuel and 
biofuel products, propane, and cement. The pier could also be used for the 
handling of cargoes now at Pier 3 (sand and gravel). RO/RO cargo barges 
would be able to berth at Pier 4 and unload cargo at the south end of Pier 3. 
Once Pier 4 is built, Pier 3 would only be useable for berthing small vessels, 
such as tugboats. 

 
6  This new Pier 4 plan is different from the one proposed in the 2025 Master Plan. 
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• Alternatively, Pier 3 could be extended to the south and into the harbor area, 
creating a berth for fuel barges (
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Figure 4-2B). 

• Finally, a new bulkhead could be constructed in front of Pier 3 using sheet 
piles and the area under the piers filled. 

New fuel transmission lines would be needed along with dredging of the area between 
Piers 1 and 2 to accommodate fully loaded cargo barges. Figure 4-2A and Figure 4-2B 
show two fueling options. (Demand projections indicate a need for 1.93 berthing 
spaces by the year 2030, one for a fuel barge and another for a small fuel ship. These 
two variants concentrate fuel operations at Piers 1 and 3, while the other fueling 
variant, discussed as part of Alternative B, moves those operations to Pier 1 at Berths 
1C and 1D.) 

Support facilities (such as roads, offices, infrastructure improvements, utilities, and 
security measures) would be constructed as part of this alternative. To handle 
increasing demand for fuel, loading arms (at Berth 1B) and new transmission 
pipelines may be needed (to both fuel berths). Additional fire suppression equipment 
would be needed. Fuel storage would be accommodated outside the commercial 
harbor due to the limited available land area. 

Development of the two parcels acquired from Alexander and Baldwin Properties 
(A&B Properties) is included in Alternative A; the parcels are described in Section 
2.1. They provide suitable space for cargo handling and storage and associated uses. 
The historic Kahului Railroad Building could be used for offices with interior and no 
exterior modification. 

When the Kahului Railroad Building becomes available for offices, the dockside 
space currently used for DOT Harbors’ Maui District office could become available 
for cargo handling and storage. DOT Harbors proposes to allot part of that space for a 
cement silo, allowing more efficient handling of this cargo at Pier 3 or 4. Removal of 
the cement silos from their current site at the base of Pier 2 would improve general 
cargo movement and storage at that area. 

4.3.2 Alternative B 
Develop cruise and inter-island ferry facilities at Pier 2; expand cargo facilities at 
Piers 1 and 3 and at the West Breakwater Harbor Development. 

In Alternative B (refer to Figure 4-3), the West Breakwater Harbor Development 
would be developed for cargo operations, and Pier 2 would accommodate inter-island 
ferry and cruise operations. 
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As in Alternative A, the existing harbor basin would be widened approximately 800 
feet to allow safe navigation and access to the proposed cargo berths at the West 
Breakwater Harbor Development. Other improvements would be the same as in 
Alternative A to limit wave action and surge: an inner breakwater extension or 
bulkhead structure and an extension of the East Breakwater. 
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The West Breakwater Harbor Development would include a new 1,200-foot pier and 
approximately 24 acres of backup area for inter-island containers, autos, RO/RO, 
other containerized break-bulk cargo operations, and future markets to be determined. 
Support facilities (such as roads, offices, infrastructure improvements, and security 
measures) would be constructed as part of this alternative. The West Breakwater 
Harbor Development would be graded, filled, and paved. Pavement would be 
strengthened to support 1,000 psf loads for all areas where cargo could be moved. 

Note that the configuration shown in Figure 4-3 is conceptual. The conceptual design 
is intended to help determine the land area deemed necessary in the master plan 
forecasts. The final design and configuration of the improvements are dependent on 
further engineering studies. 

Pier 1 would be lengthened to 2,400 feet, with 20.5 acres for cargo operations and 
storage and a 1.2-acre shed. Primary cargoes at Pier 1A and 1B would include 
overseas containers, autos, sugar, molasses, sand, gravel, pineapple, tin plate, scrap 
material, coal, petroleum products, and future markets to be determined. Berth 1C 
and/or 1D would have transmission pipelines to allow use as a fuel dock. Primary 
cargoes would include fossil fuel and biofuel products, as well as propane. If Berth 1D 
were to be dedicated for use as a fuel pier, it could be narrower than the rest of Pier 1. 
With such a recessed structure, the wave climate at Berth 1D might be tolerable for 
fuel transfer operations even without the new breakwater extension proposed for the 
East Breakwater. Further wave climate modeling will be needed before breakwater 
extensions are designed. 

Pier 2 would be lengthened from 894 to 1,200 feet to berth a cruise ship, and a 
passenger shed would be constructed on the pier for cruise passenger processing. A 
total of 6.2 acres would be dedicated for cruise operations, including staging areas for 
busses, taxis, and rental cars. A portion of Pier 2 would be demolished to allow 
berthing of the ferry at the end of the pier while minimizing impacts on navigation 
within the existing harbor basin. The total area proposed for the ferry terminal is 4.4 
acres. Access to the ferry would be provided by a ramp. The remaining backup area 
adjacent to Piers 2 and 3, comprising 10.6 acres, would be utilized for cargo 
operations and storage. 
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Pier 3 would remain unchanged at 500 feet long. The backup area would be included 
with the total for Pier 2 above. Primary cargoes for Pier 3 would be cement, sand, 
gravel, and petroleum products. 
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Alternative B also covers development of the parcels acquired from A&B Properties, 
including cargo handling and storage facilities, offices, and associated uses. 

Alternative B was not selected as the preferred alternative for several reasons. First, it 
does not effectively separate passenger operations from cargo operations. The 
cruise/ferry terminals on Pier 2 are still in close proximity to cargo operations on Piers 
1 and 3 and the associated open storage areas. Secondly, separating cargo operations 
on the existing harbor and West Breakwater Harbor Development limits the ability of 
the overseas and inter-island container operators to work together and transfer cargo 
between their operations. 

4.3.3 No Action Alternative 
The No Action Alternative (Figure 4-4) assumes no expansion of existing facilities 
except for projects already planned and approved under the 2025 Master Plan EA, as 
well as other actions such as programmed maintenance. Exceptions to this are noted 
below. 

The Pier 1 extension (Pier 1D) has already been approved in the 2025 Master Plan 
EA.7 The 2025 Master Plan EA shows Pier 1D as a 500-foot-long breasting dolphin 
system extending from Pier 1C. Currently, a single mooring dolphin and catwalk 
extend from Pier 1C out to approximately 225 feet. The dolphin and catwalk were 
constructed in 2005.8 This existing mooring dolphin is not part of the original Pier 1D 
extension alternative. Under this No Action alternative, the pier extension could be 
accomplished in several ways. The existing dolphin/catwalk could either be extended 
to 500 feet or replaced entirely with a new 500-foot-long series of breasting dolphins. 
Additionally, Piers 1C and 1D could also be adapted for use as fuel docks. 

While construction of Pier 4 has already been approved under the 2025 Master Plan 
EA, this Pier 4 is currently not being considered by DOT Harbors as a practical 
option—longer barges, along with increased activity at Pier 1A, would limit the 
functionality of Pier 4. A new Pier 4 option is discussed in Alternative A, and this 
option would only be constructed under Alternative A. However, harbor operations, 

 
7  In 2005, OEQC published the FONSI for the 2025 Master Plan EA. In July 2007, JudgeJoel August of the Third Circuit 

Court ruled that the 2025 Master Plan EA was acceptable except for the traffic analysis portion was found deficient. 
The traffic analysis is being expanded in a supplemental EA. 

8  Funding for the dolphin was provided by the Matson Navigation Company, under HRS Section 266-19.5 Private 
Financing of Harbor Improvements. An EA for the mooring dolphin was completed in 2004. 
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economic, technological, and funding situations could change by 2030 to warrant 
reconsidering using the 2025 Master Plan Pier 4 option. 
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The No Action Alternative does not cover any development, renovation, demolition, 
or special use of the parcels acquired from A&B Properties. Under No Action, with 
limited additional acreage available for cargo handling and storage, it is presumed that 
DOT Harbors would need to allocate as much space as possible on these parcels to 
help meet growing demand for cargo yard space. 

4.4 PHASED DEVELOPMENT OF PROPOSED ACTION 

Facility improvements would be accomplished over the course of several years to 
coincide with growing demands and increases in cargo throughput. Some of these 
improvements are required more immediately, as the commercial harbor is already at 
or near its capacity in terms of available berthing and cargo storage areas. Phased 
development would be planned to allow operations to move into the newly 
constructed areas in a logical manner. Finally, phasing would be coordinated with 
other project-related issues, including availability of funding, permitting, safety, and 
security. 

Kahului Commercial Harbor currently lacks the landside area needed to efficiently 
handle the mix of commercial vessels it serves, and pier space is limited. To address 
both issues, immediate action to expand working areas is proposed. 

The initial phase of development (Alternative A, Phase 1) would focus on the 
development of the two former A&B Properties’ parcels for cargo operations and  the 
West Breakwater Harbor Development (Figure 4-5). Construction in the A&B 
properties could involve structural paving, interior modifications to existing buildings, 
and utility improvements. Construction at the West Breakwater Harbor Development 
would likely involve clearing and grading the existing land area, dredging 
approximately 400,000 cubic yards within the harbor, filling in the inner side of the 
breakwater to create berths, and construction of a new inner breakwater/bulkhead 
structure. Section 4.7.2 provides specific construction methods which may be used. 
Construction of new berths and acquisition of additional land could be accomplished 
with minimal disruption to existing facilities and operations. As this phase of the work 
is completed, the passenger operations could be shifted to the West Breakwater Harbor 
Development to separate cargo and passenger operations and to free up valuable berth 
space and open storage at Piers 1 and 2. Alternatively, the West Breakwater Harbor 
Development could be used for cargo operations. 
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The second phase of development under Alternative A would include an extension of 
Pier 2 and associated fill area adjacent to the pier and construction of Pier 4 (
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Figure 
4-6). This would provide additional capacity for cargo operations at Pier 2 and liquid- 
and dry-bulk operations, including fuel, at Pier 4. 

The third phase of development would include an extension of Pier 1 and construction 
of the East Breakwater extension (Figure 4-7). The extension would provide 
additional capacity for cargo operations, berthing larger vessels, and accommodating 
additional vessel calls. 

Phasing priorities could change if funds were available for extensive work in the first 
phase. DOT has developed a Harbors Modernization Plan in collaboration with 
HHUG. It will submit funding requests to the 2008 State Legislature for work at 
harbors throughout Hawai‘i, over and above the work that can be supported by current 
harbor funding sources. If the State Legislature approves, work at Kahului 
Commercial Harbor in the next few years could include land acquisition, the West 
Breakwater Harbor Development, the East Breakwater extension, dredging, and Pier 2 
strengthening. 

4.5 ORDER-OF-MAGNITUDE COST ESTIMATES 

Order-of-magnitude cost estimates were developed for Alternatives A and B. The 
opinions of probable cost were segregated by in-water work (dredging and 
breakwaters) and terminal development. All costs are in 2007 dollars and do not 
include any escalation costs. A contingency factor of 30 percent was used to account 
for the conceptual nature of the alternatives and other unforeseen conditions. Unit 
prices for the various work elements were derived from bid results supplied by DOT 
Harbors and experience with other terminal development projects. The cost estimate 
details are included in Appendix E. 

The order-of-magnitude cost estimates for Alternatives A and B are approximately 
$390 million and $359 million, respectively. For both estimates, the largest items of 
work include extension of the East Breakwater, extension of the West Breakwater, 
dredging, property acquisition for new terminal areas, and construction of new 
wharves and piers. 
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4.6 ALTERNATIVES CONSIDERED BUT ELIMINATED 1 
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4.6.1 Expansion of Existing Harbor Beyond the Breakwaters 
As part of the process of developing alternatives for the 2030 Master Plan, MHUG 
considered two options for expanding the commercial port beyond its current footprint 
as possible long-term solutions to alleviate congestion—a “New West Harbor” and/or 
a “New East Harbor.” Both options were removed from consideration due to 
substantial financial costs (dredging and construction), land use compatibility issues, 
and cultural and environmental impacts. 

This “New West Harbor” concept (Figure 4-8) would be a deep-water harbor west of 
the proposed West Breakwater Harbor Development. It would require extensive 
dredging, construction of two breakwaters, and construction of berths for a cruise ship 
and ferry vessel. This option could provide calmer berths for a cruise ship and ferry 
than corresponding facilities on the opposite side of the breakwater, but at a substantial 
financial cost and with significant cultural and environmental impacts. Dredging for 
the new harbor would affect an existing surf site. The concept would locate 
commercial harbor operations closer to residential areas than at present. The “New 
East Harbor” concept (Figure 4-9) would be an expansion east of the Pier 1 
breakwater. A new breakwater and extensive dredging would be required, and the east 
side of the East Breakwater would be filled and developed. The prevailing northeast 
winds and large seasonal swells from the north must be considered in designing a 
properly sheltered harbor. The large amount of dredging would elevate the cost of this 
option above the cost of the West Harbor option. The well-developed coral reefs in 
this area pose significant environmental concerns. Finally, this concept would locate 
commercial harbor operations close to a wildlife refuge and a recreational area, 
Kanahā Beach Park. 
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4.6.2 Second Commercial Harbor 1 
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Alternative sites for a second commercial harbor on Maui were considered to help 
alleviate the congestion at Kahului Commercial Harbor. These alternatives were 
rejected for the following reasons: substantial dredging, high construction costs, land 
use compatibility issues, and significant environmental impacts. These study locations 
are shown on Figure 4-10. 

Since the late 1960s, the USACE has completed several investigations on the 
feasibility of establishing a second commercial harbor on the island of Maui. 
However, due to environmental concerns, land use incompatibility, and economic 
issues, the alternatives examined were determined to be too difficult and/or costly to 
implement, with a marginal economic justification (low return on investment or a 
benefit to cost ratio less than one). Following is a brief description of studies 
undertaken to determine the feasibility of various second harbor sites. 

Section 109 of Public Law (PL) 86-645, the River and Harbor Act of 1960, mandated 
a feasibility study for a second commercial harbor on Maui. A study in 1967 looked at 
Mala Wharf in Lahaina, Kalepolepo in Kīhei, and Mā‘alaea small boat harbor. The 
latter was identified as the most desirable and practicable site for a second deep-draft 
harbor on Maui. In what has become a recurring theme, however, environmental 
concerns and the lack of local support resulted in the abandonment of this 
investigation. 

In 1979, USACE revisited the issue. This study’s area of interest was between 
Mā‘alaea small boat harbor and Kīhei. Areas further toward Lahaina and south of 
Kīhei were excluded from the study at Maui County’s request. This effort ended due 
to lack of government support, local resident opposition, environmental issues, and 
lack of economic justification. 

In 1989, USACE reviewed Hawai‘i’s statewide navigation facilities to identify 
potential harbor projects. A West Maui harbor (Lahaina/Olowalu) was one of four 
projects in the state that passed the first two screening processes. This study was 
subsequently terminated due to marginal economic justifications and potential social 
and environmental issues. 

In 1991, the Hawai‘i State Legislature appropriated funds contributing to the most 
recent (1995) DOT Harbors and USACE study to evaluate potential impacts of a 
second commercial harbor on Maui’s environmental, economic, social, cultural, and 
recreational resources. A comprehensive screening of potential harbor locations 
resulted in the elimination of the following sites from further consideration: 
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• MĀLA WHARF was dismissed due to relatively high development costs, as well 
as impacts to cultural resources and a cemetery. 
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• LAHAINA was eliminated due to high backland and breakwater costs and 
incompatibility with the historic district. 

• KALEPOLEPO was dismissed because of high construction costs for dredging a 
long entrance channel and turning basin, as well as the sea conditions at the 
site. 

• KEĀLIA POND was eliminated due to its designation as a National Wildlife 
Refuge. 

• AREAS SOUTH OF LAHAINA AND NORTH OF KĪHEI were eliminated due to prior 
County objections to development of a commercial harbor in those areas. 

• AREAS NORTH OF LAHAINA AND SOUTH OF KĪHEI were eliminated, as these 
locations are too remote and inaccessible to allow efficient harbor operations. 

The 1995 study focused on four areas under six development scenarios. The following 
alternatives were considered: 

• HATA BAY BREAKWATER HARBOR (immediately west of the proposed West 
Breakwater passenger terminals at Kahului Commercial Harbor) consisting of 
two breakwaters, a dredged entrance channel, turning basin, berthing area, 
dock, and ten-acre backland area. 

• MĀ‘ALAEA PIER (just west of Maui Electric Company’s [MECO’s] Mā‘alaea 
generating station) consisting of an elevated causeway (pier), dock, mooring 
dolphins, and ten-acre backland area. 

• UKUMEHAME PIER (about four miles west of Mā‘alaea) consisting of an 
elevated causeway (pier), dock, mooring dolphins, signalized intersection with 
Hono‘apiilani Highway, and ten-acre backland area. 

• OLOWALU PIER (about one mile west of Ukumehame) consisting of an elevated 
causeway (pier), dock, mooring dolphins, and a ten-
acre backland area. 

revetted mole: a 
massive solid-filled 
structure (generally 
revetted) of earth, 
masonry, or large 
stone. 

• OLOWALU DOCK consisting of a dredged turning 
basin, dock, and ten-acre backland area. 

• OLOWALU DREDGED HARBOR consisting of a dredged 
entrance channel and turning basin, revetted mole, 
and ten-acre backland area. 
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These past investigations indicate the absence of an ideal site for a new maritime 
facility. Every location studied to date has significant environmental, land use 
compatibility, and/or economic issues. In the long run, economic constraints may be 
less of an issue than environmental constraints. The 1995 USACE study included a 
feasibility level benefit-to-cost analysis of the alternatives. Commercial harbor 
development is an extremely costly undertaking, requiring the State’s receipt of 
federal assistance. Federal involvement in commercial harbor development is limited 
to general navigation features such as an entrance channel, turning basin, or 
breakwaters, and is dependent on the project’s generation of sufficient economic 
benefits. The standard for economic evaluation in a federal navigation improvement 
study is a net positive benefit to national economic development (NED) through 
improving the efficiency of waterborne transportation services. NED benefits are 
calculated as reductions in the cost of transporting goods and increases in the value of 
goods transported by implementation of the development. For example, reducing 
harbor congestion would improve efficiency and reduce the cost of transporting 
goods. The resulting cost savings are project benefits. Likewise, reducing the cost of 
cargo delivery (e.g., the difference in cost to deliver fuel to the Mā‘alaea Generating 
Station from a harbor at Mā‘alaea, compared to the cost to deliver fuel from Kahului 
Commercial Harbor) would result in a net benefit to NED. 
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Avoiding the costs associated with a harbor closure can also be counted as a benefit. 
One of the primary rationales for a second commercial harbor on Maui is the impact 
of a closure of Kahului Commercial Harbor on Maui’s economy, due to a natural 
disaster or an incident such as grounding of a large vessel in the entrance channel. 

The 1995 USACE study calculated the net NED benefits of each of the six alternatives 
with Kahului Commercial Harbor’s experiencing 23- and 39-day closures. These 
savings were added to the cost savings resulting from improved efficiencies in 
transportation of cargoes to derive the total benefit of each alternative. This sum was 
converted to an annual benefit amount, then divided by an average annual cost to 
produce a benefit-to-cost ratio. A benefit-to-cost ratio greater than 1.0 indicates a net 
positive benefit of the scenario. None of the 12 scenarios (six alternatives, two closure 
periods) showed a benefit-to-cost ratio greater than 1.0. 

In addition to the lack of apparent economic justification for the alternatives in the 
1995 study, each of the locations has serious environmental constraints. The Hata Bay 
location would be subject to the same offshore wave and weather climate as Kahului 
Commercial Harbor and could be affected similarly by natural disasters and vessel 
groundings. Potential impacts to Hata Bay’s cultural and recreational resources would 
generate public opposition to the project. The West Maui sites would involve 
construction in the Hawaiian Islands Humpback Whale National Marine Sanctuary, 
loss of areas of coral reefs, and loss of access for surfing and other recreational uses. 

 4-38  



KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN  CHAPTER 4 
DRAFT ENVIRONMENTAL IMPACT STATEMENT  PROPOSED ACTION AND ALTERNATIVES 

During the 2030 Master Plan MHUG meetings, an off-shore mooring site for fuel 
delivery was proposed for Mā‘alaea. The primary customer of the fuel would be 
MECO’s Mā‘alaea generating plant. Environmental and economic factors have 
eliminated this option. Wave climate in the area and the location within the Humpback 
Whale Sanctuary made the site infeasible. The economic benefits will be reduced as 
MECO, the primary customer for the fuel, is planning to convert the Mā‘alaea 
generating plant to using biodiesel fuel.

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 
13 

14 

9 The Mā‘alaea generating plant will be 
converted entirely to biodiesel. A biodiesel production facility (“refinery”) is expected 
to be built in 2009 in Waena, providing a local source of biodiesel, thus reducing the 
need for importing fuels. 

4.7 PROPOSED 2030 MASTER PLAN PROJECTS 

Table 4-1 provides a summary of planned improvement at Kahului Commercial 
Harbor as described in the three alternatives. 

Table 4-1.  Summary of Planned Projects 
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Alternative A         
Pier 1D Extension (Pier or Mooring Dolphin) 3        
Pier 2 Extension 2        
Pier 2 Widening 2        
Pier 3 2        
Pier 4 2        
East Breakwater Extension 3        
West Breakwater Harbor Development 1        
 Pier 5 (2 berths) 1        
 Inner Breakwater/ bulkhead 1        
 Passenger Terminals (Ferry/Cruise) 1      x  
Former A&B Parcels 1        
Harbor Basin 1        

                                                 
9  The Hawaiian Electric Company (MECO’s parent company) is in the process of reducing their dependence on 

petroleum diesel fuel throughout the state by moving toward using more biodiesel in their generating plants. 
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Table 4-1.  Summary of Planned Projects (continued) 1 
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Alternative B         
Pier 1D Extension (Pier/Mooring Dolphin) 3        
Pier 2 Extension  2        
Pier 3 2        
Pier 4 2        
East Breakwater Extension 3        
West Breakwater Harbor Development 1        
 Pier 5 and Shed (Cargo) 1        
 Inner Breakwater 1        
Former A&B Parcels 1       x 
Harbor Basin 1        
No Action         
Pier 1D Extension (Pier or Mooring Dolphin)         
Pier 3         
Former A&B Parcels         

NOTE:  As discussed in the text, support facilities such as roads, offices, infrastructure improvements, utilities 
and security measures could be included throughout the commercial harbor area for Alternative A or B. 
Programmed maintenance would be included under all three alternatives. 
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The 2030 Master Plan is a conceptual land use plan outlining future harbor 
development. This section provides a general discussion of the types of improvements 
proposed at Kahului Commercial Harbor to accommodate growth in the cargo 
handling and passenger vessel operations. The various cargo carriers and cruise 
vessels share berths (the inter-island ferry uses a dedicated berth). Construction 
activities required for proposed improvement projects are described in the following 
sections. 

4.7.1 Construction of Piers and Dolphins 
A new pier area should contain minimum protuberances in order to provide an open 
area for cargo off-loading. Water, fire protection, and sewage outlets are generally 
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inset into the deck and electrical and communications outlets placed adjacent to the 
pier curbing. Bollards are devices on the pier around which mooring or berthing lines 
from vessels are fastened to. They typically are placed every 100 feet on center along 
the pier intermittently with cleats at the same spacing. Two additional bollards are 
placed on the seawall at the breakwater head to accommodate stern lines. Structural 
design of piers should take into account such a potential future installation. Similar 
consideration should be given to a future stern load platform for RO/RO type cargo in 
locating utilities, bollards and pump stations. Pier areas include container staging 
areas. 
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Pier design must satisfy oceanographic design criteria and serve the functional cargo 
movement requirements. Numerous solid structures need to be evaluated in selection 
of a pier construction type. Types of pier construction include the following: 

• BULKHEAD WITH SHEET PILES AND BACKFILLING. Sheet piles are interconnected 
steel circular cells filled with fill or dredge material. This method of pier 
construction requires driving sheet piles and backfilling it with suitable 
material such as crushed rock. 

• CONCRETE PILES AND CONCRETE DECK. This type of pier construction requires 
the driving of concrete piles to support a concrete deck used for terminal 
space. 

• COMBINATION DESIGN. Using this method of pier construction entails driving 
sheet piles and backfilling behind them. The seaward side is a concrete deck 
supported by piles. 

• DOLPHINS. Dolphins are structures that jut out of the water and can be used for 
either tying down ships (mooring dolphin) or providing a structure to which 
ships can abut and dock along side (breasting dolphin). Both mooring and 
breasting dolphins effectively extend berthing space without having to 
construct a new pier. Dolphins consist of reinforced concrete caissons where 
basalt is encountered as the foundation material or concrete piles where coral 
is the substratum. 

4.7.2 Construction of Terminals 
Terminal facilities proposed for the subject harbor improvements include dry-bulk and 
liquid-bulk cargo terminals and passenger terminals. These are briefly described 
below. 

CARGO TERMINALS. Dry-bulk cargo terminals include areas for storage and loading 
and unloading dry- and liquid-bulk cargo. The facilities generally include a paved 
loading area and covered storage (usually an industrial shed). Liquid-bulk cargo 
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facilities generally include above-ground storage tanks, a system of pumps, and 
transmission pipelines. Pipelines can be placed either under the pavement or above 
ground and lead to the piers where liquid-bulk cargo is transferred from vessels. 
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PASSENGER TERMINALS. At a minimum, passenger terminals require open paved 
areas for passenger embarking and disembarking activities. Passenger terminals often 
also include special-purpose sheds which provide amenities catering to passenger 
comforts, including restrooms and concession areas. 

New terminal facilities would require the following construction elements: 

• CLEARING, PAVING AND GRADING OF TERMINAL AREAS. The design of each paved 
area would be consistent with the proposed use. For example, areas slated for 
overseas terminal development should be designed consistent with 
requirements for heavy industrial pavement areas utilized for container storage 
and handling. 

• FENCING. New perimeter security fencing segregate the various uses. Typical 
dimension is an eight-foot high fence with three strands of barbed wire at the 
top. 

• UTILITIES. New utility lines, such as sewer lines, drain lines, water lines, and 
electrical duct trenches for utilities, would be excavated in the surface fill 
materials encountered at each harbor site. In addition, below-ground 
transmission pipelines for liquid-bulk cargo (e.g., petroleum products and 
biofuels) would be installed within new paved areas. 

• SHEDS. Sheds in harbors are for industrial uses and are generally of steel and 
concrete construction. 

• ACCESS ROADS. Internal roadway improvements are planned to serve the newly 
developed terminal areas. These roads would generally be 40 feet in width. 
Access roads would be subjected to heavy vehicles. Based on heavy truck 
traffic, flexible pavement sections consisting of asphalt concrete over asphalt 
treated base may be used for design of the access roads. For other areas that 
would be light duty (for passenger cars, light trucks and occasional heavy 
trucks) as opposed to heavy duty, pavement can be constructed with a thinner 
layer of asphalt concrete over an aggregate base. To prevent drainage 
problems, new pavement would be slightly sloped to carry surface water off 
the pavement into appropriate drainage structures. 
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4.7.3 Dredging 1 
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Dredging activities would be undertaken as required during construction of proposed 
berths to provide the necessary pier-side depth at the West Breakwater Harbor 
Development, Pier 2, and Pier 3. 

DREDGING METHODS. Conventional methods of dredging include mechanical 
dredging (removal of loose or hard compacted material typically using a grab or 
bucket), hydraulic dredging (lifting material in suspension through a pipe section 
connected to a pump), or a combination of the two.10 A type of hydraulic dredge 
method commonly used consists of a cutterhead (a device that uses rotating blades or 
teeth to break up or loosen bottom material similar to a chisel pile driver) and a 
centrifugal pump to remove the material from the harbor bottom through a discharge 
pipeline. The proper dredging method would have to be determined during the design 
phase of each project by analyzing conditions in the specific area of the harbor to be 
dredged, as well as dewatering and disposal constraints. Mechanical dredging is often 
preferred for removal of hard packed material since dredging buckets have difficulty 
retaining loose, fine material. Hydraulic dredging is most efficient when working with 
fine materials and sands which stay in suspension. The water content of mechanically 
dredged material is typically lower than hydraulically dredged material. Controlled 
blasting may be required to remove underlying coral surfaces as part of the dredging 
methods. In-water construction management constraints identified in Section 2.3.1 
would apply for dredging activities regardless of the dredging methods used. 

DISPOSAL OF DREDGE MATERIALS. Once materials have been dredged, the dredged 
material would require reuse and/or disposal. Coral and basalt may be used in pier 
construction and pavement construction, respectively. The ability to reuse dredged 
materials on-site would depend on the nature of the fill material, the substratum in the 
dredging area, and the staging area space available to stockpile the spoils on-site. For 
excess dredged materials requiring off-site disposal, DOT Harbors intends to dispose 
of the dredged material at a landfill, where it could serve as cover material. County 
permission to dispose would be contingent on the characterization of the material as 
not hazardous.11 Alternatively, DOT Harbors could negotiate with Hawaiian 
Commercial & Sugar Company (HC&S), owner of extensive lands around Kahului, 
for a disposal site. That landowner has areas with minimal agricultural value which 
could be put to such use.12 Prior to disposal of dredged material, laboratory testing and 
proper permitting by the USACE would be required. Dewatering of dredged material 
may be required depending on dredging methods used. On-shore construction 

 
10  MEC Analytical Systems. March 2005. Phase I Dredged Materials Management Plan COMNAVMARIANAS, Guam. 

Prepared for Department of the Navy, Pacific Division, Naval Facilities Engineering Command. In association with 
Hawaii Pacific Engineers, Inc. 

11  Personal communication. Mr. Tracy Takamine, Solid Waste Division Director, Maui County Department of 
Environmental Management, and Belt Collins Hawaii. October 10, 2007. 

12  Personal communication. Mr. Steve Holaday, President, HC&S., and Belt Collins Hawaii. September 27, 2007. 
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management constraints specific to dewatering of dredged material described in 1 
2 

3 
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Section 2.3.2 would apply regardless of the ultimate disposal or reuse location. 

DOT Harbors is responsible for dredging the area from the pier face up to the Federal 
Project Line (FPL), at which point the jurisdiction of the USACE begins. USACE is 
responsible for maintaining dredge depths of the harbor channel and turning basin area 
within the harbors delineated by the FPL. It should be noted that new dredging (not 
considered maintenance dredging) in navigable waters would require either a USACE 
Section 10 or 404 permit as described in Section 1.8. Proposed dredging limits and 
depths beyond the conceptual areas outlined in this master plan and exact breakwater 
location and configuration will not be determined until detailed analysis has been 
completed by USACE. Specific dredging and breakwater construction locations and 
methods will be evaluated during the USACE permitting process. 
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5.1 INTRODUCTION 

This chapter describes existing environmental conditions in the regions of influence 
affected by the alternatives being evaluated for this project. Conditions which are 
relevant to the proposed action and alternatives, and therefore included in this chapter, 
are air quality, physical oceanography, marine biota, terrestrial flora and fauna, 
sensitive environments, geology, soils and topography (including bathymetry), 
groundwater and surface water resources, āā conditions, traffic conditions, public 
services and infrastructure, the noise environment, cultural and historic resources, 
visual and aesthetic resources, and recreational resources. The chapter is organized 
into sections for each resource area. 

5.2 AIR QUALITY 

The region of influence for air quality generally depends on the source and type of 
pollutant being evaluated, and may be as wide-ranging as the island of Maui for 
constituents such as ozone. Maui’s tropical climate features mild temperatures 
throughout the year, typically ranging from a low of 70 degrees Fahrenheit (70°F) in 
January, the coldest month, to the mid-80°F during August, the warmest month. The 
trade winds blow from the northeast for the majority of the year, contributing to 
moderate humidity and infrequent severe storms. Rainfall is relatively light and occurs 
mostly during the wet season from November to April. Haleakalā, a 10,000-foot high 
mountain to the east of the project area, and the West Maui Mountains to the west 
generate a funneling effect which contributes to gusty winds during normal trade wind 
conditions. Occasional strong southerly winds, known as Kona winds, occur during 
the winter months. 

As required by the Clean Air Act (CAA), the U.S. Environmental Protection Agency 
(EPA) has established National Ambient Air Quality Standards (NAAQS), 42 U.S. 
Code (USC) §7409, 40 Code of Federal Regulations (CFR) Part 50, for the following 
pollutants: carbon monoxide (CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), 
particulate matter less than 10 microns in diameter (PM-10), particulate matter up to 
2.5 microns in diameter (PM-2.5), ozone (O3), and lead (Pb). The CAA has 
established primary and secondary standards: primary standards set limits to protect 
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public health, and secondary standards set limits to protect public welfare, including 
protection against decreased visibility, damage to animals, crops, vegetation, and 
buildings.
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1 Most of the secondary standards are the same as the primary standards, 
with the addition of the 3-hour sulfur dioxide concentration. There is currently no 
primary NAAQS for 3-hour sulfur dioxide. Hawai‘i has an ambient air standard for 
hydrogen sulfide (H2S), in addition to the pollutants identified above. 

NAAQS criteria, based on air monitoring data for the above pollutants, are used to 
designate all air regions within the United States into air quality categories for each 
pollutant: attainment, nonattainment, and unclassifiable. Regions that do not meet the 
NAAQS are classified as nonattainment; regions where air monitoring data results are 
better than the standard are classified as attainment. These standards, along with the 
State Ambient Air Quality Standards (AAQS) (Hawai‘i Administrative Rules [HAR] 
Title 11 Chapter 59), provide the basis for air pollution control rules and permitting 
procedures. Hawai‘i air pollution control regulations are established in HAR 11-60.1. 
The island of Maui and the state of Hawai‘i are in attainment of federal and state 
standards. Near Kahului Commercial Harbor, industrial, vehicular, and agricultural 
activities contribute to emissions of criteria air pollutants. Table 5-1 compares the 
Hawai‘i and federal AAQS. For constituents which have both federal and state 
standards, the Hawai‘i standards are as stringent as the NAAQS if not more 
conservative. The only constituents with federal standards and no state standards are 
1-hour ozone concentration and particulate matter less than 2.5 micrometers in 
diameter (PM2.5). Hawai‘i has AAQS for hydrogen sulfide and 3-hour sulfur dioxide 
concentrations. 

According to the Department of Health (DOH) Clean Air Branch 2006 annual 
summary of Hawai‘i air quality data, there is one air quality monitoring station on 
Maui, near Kīhei on the south shore.2 Agricultural activities are the primary source of 
air pollution on Maui measured by the air quality station; therefore, the station 
monitors only particulate matter. Air quality data is collected by the Air Surveillance 
and Analysis Section of the State Laboratories Division. 

The U.S. EPA has established transportation conformity rules (40 CFR 93), as part of 
the CAA requirements, which apply to transportation plans, improvement programs, 
and highway and transit projects funded or approved by federal transportation 
agencies. Conformity rules prohibit federal agencies from engaging in actions that do 
not conform to a state’s air quality implementation plan. It is required in areas that do 
not meet NAAQS. As the state of Hawai‘i is in attainment of NAAQS, a conformity 
determination is not required for this project. 

 
1  EPA Air and Radiation NAAQS web page. www.epa.gov/air/criteria.html. Accessed November 8, 2007. 
2  State of Hawai‘i Department of Health Clean Air Branch, Annual Summary 2006 Hawaii Air Quality Data. 
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Table 5-1.  Ambient Air Quality Standards 1 

Ambient Air Quality Standards 

Air Pollutant 
Hawai‘i 

(State AAQS) 
Federal 

(NAAQS) 

Carbon Monoxide 1-hour 10 mg/m3 (9ppm) 35 ppm (45 mg/m3) 
 8-hour 5 mg/m3 (4.4 ppm) 9 ppm (10 mg/m3) 
Nitrogen Dioxide 1-hour — — 
 24-hour — — 
 Annual 70 µg/m3 (0.04 ppm) 0.05 ppm (100 µg/m3) 
Sulfur Dioxide 3-hour 1,300 µg/m3 (0.5 pm) — 
 24-hour 365 µg/m3 (0.14 ppm) 0.14 ppm (365 µg/m3) 
 Annual 80 µg/m3 (0.03 ppm) 0.03 ppm (80 µg/m3) 
Ozone 1-hour — 0.12 ppm (235 µg/m3) 
 8-hour 157 µg/m3 (0.08 ppm) 0.08 ppm (157 µg/m3) 
PM10 24-hour 150 µg/m3 150 µg/m3
 Annual 50 µg/m3 50 µg/m3
Lead Calendar Quarter 1.5 µg/m3 1.5 µg/m3
Hydrogen Sulfide 1-hour 35 µg/m3 (25 ppb) — 
PM2.5 24-hour — 65 µg/m3
 Annual — 15 µg/m3

Note Standards are shown in bold, conversions in parentheses 2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 

 ppm = parts per million 
 ppb = parts per billion 
 mg/m3 = milligrams per cubic meter of air 
 µg/m3 = micrograms per cubic meter of air 
Source Hawai‘i Department of Health Clean Air Branch website. 

www.hawaii.gov/health/environmental/air/chart.pdf; Accessed November 8, 2007 
(taken from Hawai‘i Administrative Rules Chapter 59; Code of Federal Regulations 
Title 40 Part 50) 

 
 

In July 2005, the State of Hawai‘i enacted Act 217, which replaced an October 2002 
Memorandum of Understanding between the NorthWest Cruise Ship Association and 
the State relating to management of waste water, solid waste, hazardous waste, and air 
emissions. Act 217 amended Hawai‘i Revised Statutes (HRS) Chapter 342D. Chapter 
342D-C prohibits the operation of incinerators on large commercial passenger vessels 
in Hawaiian ports for the combustion of waste materials and limits the visible 
emissions allowed from large commercial passenger vessels. 
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A 1995 Air Quality Analysis conducted for the Kahului Airport Improvements Final 
Environmental Impact Statement compared air pollutant emissions for the island of 
Maui from sources such as electric power plants, gas utilities, fuel combustion in 
agricultural industry, motor vehicles, aircraft, and vessels. The data from the study, 
while outdated (1992), provided a relative comparison of air pollutant emissions from 
vessels statewide and other emissions sources. The study determined that contri-
butions of sulfur oxides, nitrogen oxides, CO, and hydrocarbons from vessels were 
orders of magnitude lower than from sources such as electric power plants and motor 
vehicles. 
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5.3 PHYSICAL OCEANOGRAPHY 

Kahului Commercial Harbor is fan-shaped and comprised of two rubble-mound 
breakwaters that angle toward the entrance channel to form a semi-enclosed basin 
with an area of approximately 214 acres (0.86 km2). The 600-foot (183-m) wide 
opening between the seaward ends of the breakwaters forms the channel entrance. The 
eastern side of the harbor is dredged to a depth of greater than 33 ft (10 m) and 
contains the commercial port facilities, while the western side of the harbor consists 
primarily of a shallow, un-dredged reef platform less than 13 ft (4m) in depth. A small 
boat channel has been dredged through the reef platform leading from the small boat-
launch ramp located at the westernmost corner of the harbor. The shoreline of the 
inner harbor is composed of sand and rubble beaches with several boulder groins. 

The ocean floor in the harbor channel, and the immediately surrounding areas, 
consists of sand. However, off the outer sides of both the East and West Breakwaters, 
shallow reefs occur. The reefs off the eastern breakwater are relatively shallow at 
depths of approximately 13 ft (4m). 

The U.S. Army Corps of Engineers (USACE) conducted a wave climate and wave 
response study in 2002 after the 2025 Master Plan was completed.3 Wave data had 
been collected between November 1993 and May 1995 using a directional array gage 
located in approximately 48-foot (15-m) depth outside the harbor entrance and non-
directional pressure sensors inside the harbor. The gage outside the harbor is part of a 
network of gages operated by the Scripps Institute of Oceanography. The results of the 
study indicated that the harbor is exposed to wind and waves from the north to 
northeast directions. The island of Maui shelters the harbor from wave energy from 
the northwest and east, and fringing reefs extending from the coast both east and west 
of the harbor help to further restrict the directional exposure of the harbor entrance. 
Depths to bottom within the harbor range from a few feet to greater than 30 feet 
(10 m). 

 
3  U.S. Army Corps of Engineers, Engineer Research and Development Center. June 2002. Wave Climate and Wave 

Response, 2025 Plan, Kahului Harbor, Maui, Hawaii.   
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Study findings show that the wave climate at Kahului Commercial Harbor exhibits 
distinct seasonal characteristics. Waves generated by winter storms in the Northern 
Pacific Ocean impact the harbor. High wave energy typically occurs seasonally from 
October through April, and the summer season (May through September) is typically 
characterized by low wave energy. Mean annual wave height for the harbor was 
observed to be approximately three feet (1 m), with a maximum of eight feet (2.5 m). 
This is lower than the offshore wave climate, which is expected due to the natural and 
constructed  protection of the harbor from dominant offshore wave directions. The 
study indicated a strong tendency toward relatively long wave periods from the 
northwest and shorter periods from the east.  
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5.4 MARINE BIOTA 

Marine biological resources were identified in a reconnaissance study conducted by 
Marine Research Consultants, Inc., in 2007. The report from this study, 
Reconnaissance Survey of the Marine Environment, Kahului Commercial Harbor, 
Maui, Hawaii; Characterization of Benthic Habitats, Assessment of Impacts from 
Harbor Expansion (June 2007), is provided in Appendix G. 

5.4.1 Reef Zone Classification and Boundaries 
Owing to the physical and biotic structure of Kahului Commercial Harbor, as well as 
the locations of the proposed alterations of separate areas of the harbor under the 
various alternatives, results are divided into five separate classes or zones. These 
classes are referred to as: 1. Outside East Breakwater; 2. Inside East Breakwater; 
3. Outside West Breakwater; 4; Inside West Breakwater; and 5. Harbor Basin (Figure 
5-1). As the region of influence for the project is within the harbor itself, information 
on zones 1 and 3 is provided for context only.  

The only protected or endangered species encountered during fieldwork was the green 
sea turtle (Chelonia mydas). Several turtles were observed swimming near the reef 
surface outside of the East Breakwater of Kahului Commercial Harbor. Green sea 
turtles have become increasingly common since attaining federal protection status in 
the 1970s and are routinely observed throughout Hawaiian nearshore waters. No turtle 
nesting grounds are known to occur inside the harbor. Maui Ocean Center personnel 
collect fish from the harbor. During collection activities, green sea turtles, rays, sharks, 
and occasionally dolphins have been observed in the harbor. 
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Other protected and endangered species that might occur in the area are marine 
mammals, particularly the humpback whale (Megaptera novaeangliae) and Hawaiian 
monk seal (Monachus schauinslandi). While Kahului Commercial Harbor does not 
provide ideal habitat for these species, it is possible that they could occur within the 
project area.  
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The Western Pacific Regional Fishery Management Council (Council)4 is one of eight 
regional fishery management councils established by the Magnuson Fishery 
Conservation and Management Act of 1976, which was amended in 1996 to address 
protection of fish stocks, and re-named the Magnuson-Stevens Fishery Conservation 
and Management Act. The Council has designated Essential Fish Habitat (EFH) for 
bottomfish, crustaceans, and precious corals and coral reef ecosystems in Hawai‘i.5 As 
described in Section 1.8.11 EFH is defined as “...those waters and substrate necessary 
to fish for spawning, breeding, feeding, or growth to maturity.” EFH also includes 
coral habitat. Most waters of the main Hawaiian islands, from the shoreline to the 
outer limit of the Exclusive Economic Zone (EEZ) have been determined to be EFH 
for bottomfish, crustaceans, or coral reef. Therefore EFH does exist in the project area 
for multiple fishery management plans.  

Habitat Areas of Particular Concern (HAPC) are discrete subsets of EFH that provide 
extremely important ecological functions or are especially vulnerable to degradation. 
Councils may designate a specific habitat area as an HAPC based on one or more of 
the following reasons: 

• Importance of the ecological function provided by the habitat 

• Extent to which the habitat is sensitive to human-induced environmental 
degradation 

• Whether, and to what extent, development activities are, or will be, stressing 
the habitat type 

• Rarity of the habitat type 

The HAPC designation does not confer additional protection or restrictions upon an 
area, but can help prioritize conservation efforts. HAPCs may exist within the Kahului 
Commercial Harbor; consultation with NMFS will occur to identify HAPCs. 

Pelagic fishes are managed separately under the Pelagics Fishery Management Plan, 
which regulates fishing for pelagic species in the waters of the western Pacific region.  

 
4  Western Pacific Regional Fishery Management Council website. www.wpcouncil.org/maps.htm. Accessed December 

10, 2007. 
5  Western Pacific Regional Fisher Management Council. Hawaii Archipelago Fishery Ecosystem Plan. 

www.wpcouncil.org/hawaii/HawaiiFEP/December12005HawaiiFEP.pdf. Accessed December 10, 2007. 
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OUTSIDE EAST BREAKWATER. The region outside the harbor basin fronting the East 
Breakwater is an extremely diverse area in terms of both physical structure and biotic 
community assemblages. The seaward portion of the reef is characterized by 
substantial vertical relief, consisting of a series of narrow “finger reefs” that have 
nearly vertical sides and flat upper surfaces. The finger reefs are composed of accreted 
limestone from growth of corals and other calcifying organisms. Coral cover on the 
steeply sloping sides of the fingers is uniformly close to 100 percent, composed 
exclusively of overlapping plates of various species of the genus Montipora. The tops 
of the fingers are colonized with a variety of coral species which occur primarily in 
flat encrusting or plating growth forms including Porites lobata, Montipora patula, M. 
flabellata, M. capitata, as well as the sturdy branching coral Pocillopora meandrina. 
Also abundant on the tops of the finger reefs was the soft-bodied colonial zoanthid 
Palythoa tuberculosa. Total coral cover on the tops of the finger reefs was on the order 
of 25 to 50 percent. While calcareous encrusting algae were common on the finger 
reefs, fleshy macroalgae were relatively rare. Motile macro-invertebrates were limited 
to rarely occurring sea urchins Echinothrix diadema and the boring urchin 
Echinometra mathaei. 
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Inland from the finger reefs, the reef on the outside of the East Breakwater has less 
vertical relief. Rather, the geomorphology of the reef is a raised limestone platform 
that is bisected by several large sand channels. Coral cover is less on the reef platform 
than on the more seaward zone, and is far patchier in occurrence. Dominant coral 
species were Pocillopora meandrina and Montipora spp. Scattered over the reef 
platform were large patches of short-fingered Porites compressa. The primary 
difference between the seaward finger reefs and the inner reef platform is the 
preponderance of fleshy macroalgae that occurred along with corals on the latter. The 
most noticeable alga was the fluorescent blue species Martensia fragilis which was 
very abundant throughout the area. The most dominant alga was Acanthophora 
specifera, which covered large expanses of the reef surface. Other conspicuous algae 
were Halymenia formosa and Amansia glomerata. While these species were the most 
abundant and conspicuous, other species were also observed over the reef platform. 
Total cover of macro-algae on the reef platform was on the order of at least 50 percent. 
Closer to shore, algal abundance increased and coral abundance decreased. 

The most abundant motile macro-invertebrates were the sea cucumbers Holothuria 
atra and Actinopyga mauritiana. Sea urchins were conspicuously absent across the 
reef platform. 

The reef platform outside the East Breakwater contained the highest abundance and 
diversity of fish of the areas studied in and around Kahului Commercial Harbor, 
largely based on the greatest degree of habitat relief. As is typical on many Hawaiian 
reefs, the most common fishes were the damselfishes (Chromis agilis, C. hanui, 
Abudefduf abdominalis), as well as a variety of surgeonfishes (Acanthurus nigroris, A. 
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nigrofuscans, A. olivaceus, Naso lituratus) and butterflyfishes (Chaetodon miliaris, C. 
multicinctus, C. quadrimaculatus, and C. auriga). Hawkfishes (Parracirrhites arcatus, 
P. forsteri, and Cirrhitops fasciatus) were common sitting on the upper branch tips of 
colonies of Pocilloporid corals. Common wrasses included Bodianus bilunulatus and 
Thallosoma duperrey. Numerous squirrelfish (Myripristes spp.) were observed under 
ledges cut in the reef platform. Several small jacks (Caranx melampygus) were 
observed swimming between the reef top and the channels between the reef fingers. 
On the sand flats that bisected the reef platform, the blue-lined snapper (Lutjanus 
kasmira) as well as several goatfishes (Mulloidichthys spp.) were observed. 
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In general, the marine habitats on the outside of the East Breakwater were remarkable 
in the diversity of physical structure and biotic composition. 

OUTSIDE WEST BREAKWATER. The reef habitats outside of the West Breakwater are 
substantially different than off the East Breakwater. Most of the bottom cover off the 
West Breakwater consists of sand, with the exception of an area of raised hard-bottom. 
Benthic cover of the platform consist almost exclusively of the soft bodied zooanthids 
Palythoa spp. and Zooanthus spp. While these “soft corals” are very abundant in the 
area comprising up to 90 percent of bottom cover, stony corals comprised 5 to 10 
percent of bottom cover, consisting primarily of the species Porites lobata, 
Pocillopora meandrina, Montipora patula and M. capitata. The dominant algae in the 
area were various encrusting red calcareous species including Pneophyllum sp., and 
Hydrolithon spp. As off the outer East Breakwater, macro-invertebrates were very 
sparse in the area, limited to rarely occurring Echinometra mathaei. 

INSIDE EAST BREAKWATER. The East Breakwater seaward of Pier 1 is constructed of 
tubular concrete “dolos” or tetrapods. These submerged concrete structures are 
designed to provide a maximum amount of surface area, and as a result provide an 
ideal habitat for settlement of coral inside the wave-sheltered harbor. In addition, the 
spaces created in between the concrete structures provide sheltered habitat for fish and 
invertebrates (e.g., spiny lobsters, Panulirus spp.). The dominant coral colonizing the 
concrete structure is Montipora capitata. As is often observed in other Hawaiian 
settings, Montipora capitata is a very sediment-tolerant species, and many of the 
colonies on the concrete structures inside the harbor were partially covered by a 
coating of fine-grained sediment. Other corals that were observed include small 
colonies of Pocillopora meandrina, as well as colonies of Porites lobata and P. 
compressa. While present, these species comprised only a minor component of the 
coral community that consisted primarily of Montipora. Frondose macroalgae were 
rare along the inner eastern breakwater, limited to several large Halymenia formosa 
attached to the concrete structures. Sea urchins were not observed on the concrete 
structures. 
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The most abundant fish species included a variety of squirrelfishes (Holocentridae) in 
the interstitial spaces created by the tetrapods. Small jacks (Caranx melampygus) and 
a variety of surgeonfish (Acanthuridae) were also observed, as was a single sailfin 
tang (Zebrasoma veliferum). 
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INSIDE WEST BREAKWATER. The edge of the West Breakwater is composed of 
basaltic boulders that extend to the shallow, un-dredged harbor floor. Within the 
intertidal range, the boulders are covered with calcareous encrusting algae as well as 
patches of the red alga Hypnea sp. and the green alga Chaetomorpha antennina. 
Unlike the inner East Breakwater, where man-made structures are nearly completely 
colonized by coral, the submerged boulder surfaces on the inner side of the West 
Breakwater are relatively barren. The predominant colonizers are isolated heads of the 
hemispherical branching coral Pocillopora damicornis and P. meandrina, small plates 
of Montipora spp., as well as soft zooanthids Palythoa and Zooanthus. Sea urchins, 
particularly Echinothrix diadema and Tripneustes gratilla were common on the 
boulder surfaces of the inner West Breakwater. 

HARBOR BASIN. The harbor basin, extending from the entrance channel between the 
ends of the east and west breakwaters to the shoreline is comprised of a variety of 
habitats. Most of the harbor floor that has been previously dredged is composed of 
sand or mud. Bottom areas close to the West Breakwater consisted primarily of coarse 
sands with substantial shell fragments, while most of the central harbor floor and 
eastern basin between Piers 1 and 2 were muddy sands containing numerous burrows 
from benthic infauna (likely a varied community including crabs, shrimps and 
worms). 

A section of the inner harbor basin that extends from approximately the midway point 
of the fill area comprising the western shoreline of the harbor basin to the innermost 
part of the harbor at Hoaloha Beach does not appear to have been extensively dredged 
in the past. As a result, the substratum is predominantly hard bottom consisting of a 
limestone reef platform. The most prevalent biota on the reef are the soft zooanthids 
Palythoa and Zooanthus, which constitute near complete bottom cover over large 
areas. On sections of the reef platform with steep vertical relief, overlapping plates of 
Montipora capitata are prevalent. Other corals occurring on the reef platform were 
Pocillopora meandrina, P. damicornis, and occasional large heads of Pavona 
duerdeni. Also common on the reef platform were a variety of macroinvertebrates 
including the urchins Echinothrix diadema and Tripnestes gratilla, the sea cucumbers 
Holothuria atra and Actinopyga mauritiana. Numerous “feather-duster” sabellid 
worms were also observed across the reef face, particularly in areas covered with 
zooanthids. 

The dominant alga in the inner harbor basin was Bryopsis hypnoides, which occurred 
as green tuft-like plants throughout the area. Fish were rarely observed within the 
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inner harbor basin during the current study, although the species Mugil cephalus, Selar 
crumenophthalmus, Decapterus macarellus, Acanthurus triostegus, Etrumeus 
micropus, Kuhlia sandvicensis, Caranx ignobilis and Chanos chanos have been 
reported as common within the harbor. 
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Prior studies conducted for the Final Environmental Assessment and Finding of No 
Significant Impact, 2025 Master Plan Improvements, Kahului Commercial Harbor 
(2025 Master Plan EA) identified the crab Macrophthalmus telescopicus as the most 
conspicuous inhabitant of the silty-sand bottom near the existing Piers 1 and 2. Other 
marine resources in the eastern part of Kahului Commercial Harbor include 
Montipora species of coral, striped mullet or ‘ama‘ama (Mugil cephalus), big-eyed 
scad or akule (Selar crumenophthalmus), mackerel scad or ‘opelu (Decapterus 
macarellus), convict surgeonfish or manini (Acanthurus triostegus), herring (Etrumeus 
micropus), Hawaiian flagtail or aholehole (Kuhlia sandvicensis), giant trevalley or 
ulua aukea (Caranx ignobilis), and milkfish or awa (Chanos chanos). 

Marine resources documented at the West Breakwater in a 1989 EIS prepared by the 
USACE included intertidal organisms such as a‘ama crab (Grapsus tenuicrustatus), 
periwinkle (Littorina spp.), false opihi or ‘opihi awa (Siphonaria normalis), and algae 
species (Ulva spp.). Fish identified in the area included the Hawaiian anchovy or nehu 
(Encrasicolina purpurea), white goatfish or ‘oama (Mulloides flavolineatus), and 
akule. 

5.4.2 Benthic Habitat 
Figure 5-1 shows the benthic habitat map produced by the supervised classification 
scheme described in the report provided in Appendix G. Spectral resolution of the 
image allowed for distinction of four bottom classifications dominated by biotic cover, 
including dense coral (greater than 50 percent bottom cover); moderate coral cover 
(20 to 50 percent bottom cover); dense macroalgae (greater than 50 percent bottom 
cover), and moderate macroalgae (20 to 50 percent bottom cover). Two additional 
abiotic bottom cover classes were also mapped, which included pavement (hard 
bottom) and soft sediment (sand and mud). 

Examination of the habitat map reveals several important points. First, while there are 
gradations between zones, in general the reef zonation pattern is fairly distinct, and 
allows good distinction of dominant biotic assemblages throughout the area of 
interest. A second aspect that is apparent is that while Kahului Commercial Harbor is 
“man-made” the habitats inside and directly outside the harbor structures are 
comprised of healthy and diverse reef communities. Other than the dredged portions 
of the harbor basin, it was not evident that the harbor structures had resulted in any 
impairment or damage to reef community structure. Rather, structures that formed the 
harbor breakwater provided ideal substrata for settlement of corals. 
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Of the total 442 acres (179 hectares) of benthic habitat surveyed, about 48 percent 
(214 acres [87 hectares]) was inside the harbor, while 52 percent (229 acres [93 
hectares]) was outside the harbor. Soft sediment comprised the highest percentage of 
habitat cover overall (58 percent), as well as both inside (69 percent) and outside (47 
percent) the harbor. Coral cover greater than 20 percent accounted for a total of about 
22 percent of total area coverage or approximately 97 acres (39 hectares); 16 percent 
inside the harbor, and 27 percent outside the harbor. About 12 percent of the entire 
survey area was covered with algae that comprised more than 20 percent bottom 
cover, while 6 percent of the harbor basin and 18 percent of the outer reefs had algal 
cover of at least this amount. 
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5.4.3 Invasive Marine Species 
Ongoing assessment of nonnative aquatic species in Hawai‘i has identified intro-
duction and successful establishment of at least five marine macroalgae species, 20 
marine fish species, and 248 marine and brackish water invertebrate species.6

A 2004 report by the Hawai‘i Biological Survey at the Bishop Museum that 
summarized surveys for nonindigenous marine species conducted in Hawai‘i’s harbors 
included surveys conducted in 2003 at Piers 1 and 2 of Kahului Harbor which 
identified heavily fouled concrete pilings along the northeast side of the harbor. The 
surveys identified individuals of 38 invasive and 11 cryptogenic (neither demonstrably 
nonindigenous nor native) species at Pier 1, and 31 introduced and 12 cryptogenic 
species at Pier 2.7 However, low visibility and high turbidity limited observations of 
fish and other motile organisms. 

The marine algae species Acanthophora spicifera, Gracilaria salicorna, Hypnea 
musciformis, Eucheuma denticulatum, and Kappaphycus spp., (not identified at Piers 
1 or 2 in the 2004 Hawai‘i Biological Survey report) have become dominant compo-
nents of reef environments where they become established around the state. 

Marine algae may proliferate in Kahului Commercial Harbor, to the extent that the 
County of Maui occasionally collects seaweed along the shoreline. Currently, the West 
Breakwater is used as a drying site, before final disposal of the seaweed.  

The invasive fish Lutjanus kasmira (blueline snapper or ta‘ape), Cephalopholis argus 
(peacock grouper or roi), and Lutjanus fulvus (to‘au) are known to be established in 
the nearshore reef fisheries of Hawai‘i; however, there are strong differences of 

 
6  State of Hawai‘i, Department of Land and Natural Resources, Division of Aquatic Resources. September 2003. State of 

Hawai‘i Aquatic Invasive Species (AIS) Management Plan. 
7  Coles, S.L., P.R. Reath, K. Longnecker, H. Bolick., and L.G. Eldridge. November 2004. Assessment of Nonindigenous 

Marine Species in Harbors and on Nearby Coral Reefs on Kaua‘i, Moloka‘i, Maui, and Hawai‘i. Bishop Museum 
Technical Report No 29a. Honolulu, Hawai‘i. 
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opinion among some fishers and researchers as to the level of impact these species 
have on native fish and associated fisheries.
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8

5.5 TERRESTRIAL FLORA AND FAUNA 

The region of influence for terrestrial flora and fauna includes the project location 
itself. Threatened and endangered species or their habitats have not been identified at 
the project site. There have been observations of waterbirds in the drainageway to the 
west of Pier 2. According to the 2025 Master Plan EA these sightings were 
intermittent, and the area is not used for nesting by the waterbirds. The U.S. 
Department of the Interior, Fish and Wildlife Service (USFWS) has provided a list of 
threatened or endangered terrestrial species in the project vicinity to the U.S. 
Department of Transportation, Maritime Administration (MARAD).9 The species list 
includes the following species which have been observed within the project vicinity: 
the federally threatened Newell’s shearwater (Puffinus auricularis newelli) and the 
federally endangered Hawaiian petrel (Pterodroma phaeopygia sandwichensis), 
Hawaiian hoary bat (Lasirus cinereus semotus), Hawaiian duck (Anas wyvilliana), 
Hawaiian coot (Fulica alai), Hawaiian stilt (Himantopus mexicanus knudseni) and 
Blackburn’s sphinx moth (Manduca blackburni). The USFWS has identified 
designated critical habitat for the Blackburn sphinx moth 0.8 miles from the project 
location (Kanahā Pond and Kanahā Park Units10), outside the project’s region of 
influence for terrestrial flora and fauna.  

The USFWS identifies the project area as “multiple classifications of high and low 
intensity development, alien grassland, alien forest, and water.” Studies conducted as 
part of the 2025 Master Plan EA and the 2002 USACE EA of the West Breakwater 
characterized the existing flora as predominantly landscaped plants and weeds11. 
These included a mix of introduced and native species, such as beach naupaka, 
Bermuda grass, and tree heliotrope. Few faunal resources were identified in prior 
documents; some migratory birds such as wandering tattler (Heteroscelus incanus) 
and ruddy turnstone (Arenaria interpres) were identified on the West Breakwater.  

 
8  State of Hawai‘i, Department of Land and Natural Resources, Division of Aquatic Resources. September 2003. State of 

Hawai‘i Aquatic Invasive Species (AIS) Management Plan. 
9  Personal Communication. USFWS Pacific Islands Fish and Wildlife Office, and Mr. Michael C. Carter, USDOT 

MARAD. August 31, 2007. 
10  USFWS. Maps Showing Critical Habitat Designations for Blackburn’s Sphinx Moth. Map 3 Units 5 and 6 – Island of 

Maui. www.fws.gov/pacificislands/CHRules/mothmap.pdf. Accessed December 6, 2007. 
11  US Army Corps of Engineers, Honolulu District. August 2002. Decision Document, Environmental Assessment and 

Finding of No Significant Impact, Kahului Light Draft Navigation Improvements, Kahului, Island of Maui, Hawaii.  
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Prior to the 2025 Master Plan EA, the USACE had delineated a portion of an unlined 
drainage way west of Pier 2 as a wetland. A Botanical Resources Assessment Study 
was completed by Char & Associates in 1997, which does not list any endangered or 
threatened species in the area. As the water is supplied by a manmade drainage system 
owned by the County of Maui, collecting water from off-harbor areas, it is not likely 
that the area would be a wetland under “normal” conditions (i.e., without introduction 
of drainage runoff from the manmade system). 

Kanahā Pond Wildlife Sanctuary, a wetland complex approximately one-half mile east 
of the harbor, is outside the region of influence for terrestrial flora and fauna.  

5.6 SENSITIVE ENVIRONMENTS 

The region of influence for sensitive environments as identified by HRS Chapter 343 
includes the project location and immediate vicinity. 

FLOOD PLAINS. The harbor area is located in a V23 flood zone, as identified on the 
Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) 
Community Panel 150003 0190D, as of June 1, 1981.12 This designation identifies the 
project site as within the area of the 100-year coastal flood and indicates that it is 
within an area of flooding due to wave action. Base flood (flood which has a one 
percent or greater chance of occurrence in any given year) elevations range from 10 to 
18 feet (3 to 6 m). Storm surges and flooding from heavy rains or coastal storms can 
also cause damage to structures along the shoreline. According to anecdotal evidence 
presented by harbor users during scoping meetings, high surf during winter storms 
occasionally washes across Kahului Beach Road in the area of the harbor. The U.S. 
Geological Survey (USGS) ranks the stream flooding hazard for the Kahului coastline 
as “moderately high.”13

TSUNAMI ZONES. The USGS identifies the tsunami hazard in the vicinity of the 
Kahului Commercial Harbor as 3 to 4 on a scale of 1 to 4, with 4 being “high.” 

BEACHES. Kahului Commercial Harbor is located along the north shore of the island 
of Maui. Sandy beaches are present within and around the harbor. Section 5.15 
provides a description of beaches in and around the harbor, and recreational uses of 
those beaches. 

 
12  Federal Emergency Management Agency. March 16, 1995. Flood Rate Insurance Map (FIRM). Maui County, Hawai‘i. 

Community Panel 15003 190 D. 
13  Fletcher, C.H., E.E. Grossman, B.M. Richmond, and A.E. Gibbs. 2002. USGS Atlas of Natural Hazards in the 

Hawaiian Coastal Zone. Geologic Investigations Series I-2761. U.S. Department of the Interior, U.S. Geological 
Survey. 
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STREAMS AND RIVERS. Streams in the project area are described in Section 5.8.3. 1 
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OTHER SURFACE WATERS. No rivers are present in the project vicinity. 

OCEAN. The marine resources in the project area are described in Section 5.8.2, 
Marine Waters. 

ESTUARIES. HAR 11-54 defines an estuary as “characteristically brackish coastal 
waters in well-defined basins with a continuous or seasonal surface connection to the 
ocean that allows entry of marine fauna. Estuaries may be either natural or devel-
oped.” While the Kanahā Pond wetland complex (see Section 5.8.3) is within a half-
mile of the project site, it is not defined as an estuary in the DOH administrative rules. 

ANCHIALINE PONDS. HAR 11-54 defines anchialine ponds as “coastal bodies of 
standing waters that have no surface connection to the ocean but display both tidal 
fluctuations and salinity ranges characteristic of fresh and brackish waters, indicating 
the presence of subsurface connection to the water table and ocean. Anchialine pools 
are located in porous substrata (recent lava or limestone) and often contain a 
distinctive assemblage of native aquatic life.” No anchialine ponds are present in the 
vicinity of the project location.  

FRESH OR COASTAL WATERS. Fresh water and coastal waters in the project area are 
described in Section 5.8.3, Other Surface Waters.  

EROSION-PRONE AREAS. According to the USGS, coastal erosion is a widespread 
problem in the Hawaiian Islands, and typical erosion rates are in the range of one-half 
to one foot per year.14 The project location is on the north shore of the island of Maui. 
The USGS ranks the coastal erosion hazard for the area as “high” due to the exposure 
to annual wave heights of 20 feet (6 m) during the winter and hurricanes approaching 
from the east. A 1991 coastal erosion analysis identified the Kahului Commercial 
Harbor area (from the West Breakwater to Ka‘a, east of the harbor) as having an 
annual erosion hazard rate (AEHR) of −1.6 feet (−0.5 m) per year. The analysis 
identified the shoreline within the harbor (Hoaloha Park and Kahului Beach) as having 
an AEHR of −0.5 feet (−0.15 m) per year.15

 
14  Fletcher, C.H., E.E. Grossman, B.M. Richmond, and A.E. Gibbs. 2002. USGS Atlas of Natural Hazards in the 

Hawaiian Coastal Zone. Geologic Investigations Series I-2761. U.S. Department of the Interior, U.S. Geological 
Survey. 

15  Makai Ocean Engineering and Sea Engineering. 1991. Aerial Photograph Analysis of Coastal Erosion on the Islands of 
Kauai, Molokai, Lanai, Maui, and Hawaii. State of Hawai‘i Office of Planning Coastal Zone Management Program. As 
cited in Kahului Harbor, Maui, Hawaii Smoothed Erosion Rates. Undated. Provided for the County of Maui by Coastal 
Geology Group, Department of Geology and Geophysics, School of Ocean and Earth Science and Technology, 
University of Hawai‘i at Mānoa. Published under Contract G0605 
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GEOLOGICALLY HAZARDOUS LAND. Kahului Commercial Harbor is in seismic zone 
2B as established by the Uniform Building Code (UBC). The UBC zones range from 
one to four based on relative seismic hazard, with one as the lowest and four as the 
highest seismic hazard area. The zones are used to determine seismic design loads on 
structures. The USGS ranks the seismicity hazard for the area as “moderately high.” 
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5.7 GEOLOGY, TOPOGRAPHY, AND SOILS 

The region of influence for geologic, topographic, and soil conditions includes the 
project location itself. 

GEOLOGY, SOILS, AND SEDIMENTS. Geologic conditions underlying the harbor include 
volcanic deposits, marine sediments, terrestrial sediments, and fill. The West 
Breakwater is composed of dredged marine sediments and fill. Lands adjacent to the 
harbor typically consist of sand dune deposits and lava flows. 

Soils at the harbor are predominantly fill land, which typically consists of areas filled 
with material from dredging, upland excavation, garbage, and bagasse and slurry from 
sugar mills. Soils on lands adjacent to the property primarily consist of Puuone sand 
(as defined by the US Department of Agriculture), a grayish-brown calcareous sand 
about 20 inches thick, underlain by grayish-brown cemented sand.  

TOPOGRAPHY. The topography of the project area is relatively flat, and elevations 
range from sea level to approximately 20 feet (6 m) above sea level.  

BATHYMETRY. The contours of the harbor are defined by man-made dredged areas. 
The natural harbor bottom of the western part of the harbor slopes gently to the dredge 
line. The bottom goes to as much as 35 ft (11 m) deep in the turning basin. 

5.8 GROUNDWATER AND SURFACE WATER 
RESOURCES 

5.8.1 Groundwater 
The region of influence for groundwater is the aquifer over which the project site is 
located. Groundwater resources underlying the site include a basal aquifer in 
Honomanu Basalts. This aquifer, overlain by a caprock confining layer, is located at 
about 100 feet (30 m) below ground surface in the project area. It is identified as a 
drinking water resource in some areas. The likelihood of contamination from surface 
activities is low due to its depth below the surface.  
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The project area is downgradient and seaward of the State of Hawai‘i DOH-
established Underground Injection Control (UIC) line. The State of Hawai‘i UIC 
program was established to protect the quality of underground sources of drinking 
water from pollution by subsurface disposal of fluids.
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16 The UIC line is the boundary 
between non-drinking water aquifers (generally seaward of the UIC line) and 
underground sources of drinking water (generally inland of the UIC line). 

5.8.2 Marine Waters 
The region of influence for marine waters includes the water within Kahului 
Commercial Harbor itself and nearshore waters in the vicinity of the project which 
may be affected by proposed activities. 

Kahului Commercial Harbor is designated as Class A marine waters by HAR 11-54, 
and is identified as a zone of mixing by the State DOH. Class A waters are 
recommended for recreational purposes and aesthetic enjoyment. Other uses are 
permitted as long as they are compatible with the protection and propagation of fish, 
shellfish, and wildlife, and with recreation in and on these waters. Kahului Bay 
(inshore of the harbor mouth) has been listed as impaired for nutrients and turbidity by 
the DOH. Under Section 303(d) of the Clean Water Act, Total Maximum Daily Loads 
(TMDLs) must be established for listed impaired water bodies, but they have not yet 
been established for Kahului Bay. 

HAR 11-54-6 defines numeric water quality standards for embayments, including 
Kahului Bay. A 2003 water quality assessment was conducted for the 2025 Master 
Plan EA.17 Results of water quality sampling conducted on October 16, 2002, 
indicated the following conditions: 

• Dissolved oxygen (DO) concentrations generally typical of nearshore marine 
waters, ranging from 6.0 to 4.8 milligrams per liter (mg/l), which is greater 
than 90 percent oxygen saturation at their respective temperatures and 
salinities. This is better than the 75 percent DO saturation standard defined in 
HAR 11-54-6.  

• pH levels typical for nearshore marine waters. HAR 11-54-6 states that pH 
units shall not deviate more than 0.5 units from a value of 8.1, except at 
coastal locations where freshwater may depress the pH to a minimum level of 
7.0. The harbor is a coastal location which receives freshwater inflow. 

 
16  Hawai‘i Administrative Rules, Title 11, Chapter 23. September 22, 1992. 
17  Ziemann, D.A. August 2003. Kahului Commercial Harbor 2025 Master Plan Environmental Assessment Water 

Quality, Marine Biological, and Natural Resources Impact Assessment. Prepared for E.K. Noda and Associates. In 
State of Hawai‘i Department of Transportation. November 2005. Final Environmental Assessment and Finding of No 
Significant Impact, 2025 Master Plan Improvements, Kahului Commercial Harbor. 
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• Salinity levels ranging from 29.66 parts per thousand (ppt) at the shoreline to 
34.35 ppt in nearshore samples outside the harbor; lower than typical levels 
which likely reflected recent input of fresh water from rain and runoff. 
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• Variable turbidity levels, ranging from 1.6 nephelometric turbidity units 
(NTU) to 10.4 NTU at nearshore stations and 1.9 to 9.4 NTU within the 
harbor, corresponding to visual observations of high surf and stream-borne 
sediment suspension from heavy rains. The water quality standards for 
turbidity are 1.5 NTU when the average freshwater inflow from the land 
equals or exceeds one percent of the embayment volume per day, and 0.40 
NTU when less than one percent. Existing conditions within the harbor may 
not meet water quality standards for turbidity when influenced by storm water 
runoff from sources other than the harbor. 

• Levels of dissolved nutrients reflecting the influence of groundwater on the 
harbor. The most conservative water quality standard for total nitrogen is 150 
micrograms per liter, while the most conservative water quality standard for 
total phosphorus is 25 micrograms per liter. 

5.8.3 Other Surface Waters 
No intermittent or perennial streams are identified within the project area. Surface 
waters in the vicinity of the project include Kanahā Pond Wildlife Sanctuary, a 
wetland complex approximately one-half mile east of the harbor, and drainage 
channels which direct storm water runoff into the harbor. Aside from Kanahā Pond 
Wildlife Sanctuary, which is a designated refuge, the nearest inland surface water 
identified on the USGS topographic map is ‘Īao Stream, located less than one mile 
northwest of the West Breakwater. ‘Īao Stream is designated as Class 2 inland waters, 
which are defined in HAR Title 11, Chapter 54 (11-54). Class 2 waters are recom-
mended for agricultural and industrial water supply, compatible recreation, shipping, 
navigation, and propagation of fish and aquatic life. 

The USACE has delineated a portion of the unlined drainageway near Pier 2 as a 
wetland; field studies cited in Section 5.5 have determined that no endangered or 
threatened species are within the project area. This drainageway is man-made, and 
water contributions to the area delineated as a wetland are entirely from the County of 
Maui’s man-made storm water drainage system. 

5.9 SOCIO-ECONOMIC CONDITIONS 

As the sole commercial harbor on Maui, Kahului Commercial Harbor serves an 
important role for the island and Maui County (including Moloka‘i and Lana‘i) as 
well as the State of Hawai‘i. These areas are considered regions of potential socio-
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economic impact of harbor operations and facilities. An introduction to Kahului is 
provided in 
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Section 5.9.1. Section 5.9.2 details existing socio-economic conditions for 
the region of influence, including population, economy, and information on 
neighborhoods in the vicinity of the harbor as related to the federal mandate for 
evaluating environmental justice considerations. Section 5.9.3 discusses emerging 
trends affecting socio-economic conditions. Section 5.9.4 identifies known existing or 
planned development activities which may influence socio-economic conditions, and 
is followed in Section 5.9.5 by a description of community issues ascertained during 
interviews conducted as part of this socio-economic impact analysis. 

5.9.1 Overview of Kahului 
Kahului Commercial Harbor extends along the north side of Kahului, and its 
presence and location contribute to the urban form, circulation and views within 
and from the town. In addition to general discussion of Maui County and the 
Island of Maui, this section describes parts of the Kahului urban area within a half-
mile of the harbor, as they could be affected by variation in levels of activity and 
location of operations at the commercial harbor.  

The town of Kahului became a center of commerce and transportation for the 
Island of Maui in the mid-1800s.18 The Kahului Railroad, founded in 1879, 
brought both passengers and freight to the harbor area. The Railroad influenced 
urban planning through its land use lease structure and allocation of land for parks 
and other civic uses.  

In response to the growing need for harbor facilities, the East Breakwater was built 
and the harbor was dredged in the early 1900s. At that time, the federal and 
territorial governments took responsibility for developing and managing the 
harbor. Work on the West Breakwater began in 1917. After World War II, Kahului 
expanded as Hawai‘i’s first master-planned community called “Dream City,” with 
homes offered for sale to residents. Kahului’s commercial and industrial area faced 
the waterfront. New residential areas surrounded it on the west and south. 

 
18  Welch, Morgan, Magnuson and Prasad, 2004. Archaeological and Cultural Impact Assessment of Cultural Resources 

at Kahului Harbor. Prepared for Edward K. Noda Associates, Honolulu, Hawai‘i. (International Archaeological 
Research Institute, Inc. Report  ID483). 
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While Kahului and Wailuku (the island’s government center) have long been 
separate towns, they form the core of Central Maui’s development zone, 
recognized by the County as the Wailuku-Kahului Community Plan Area (
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Figure 
5-2. This is the most populous planning area in the county. Kahului serves as 
Maui’s transportation hub and retail and industrial center. Kahului Airport is the 
major airport in the county, with scheduled flights to and from the rest of Hawai‘i and 
the western United States. Charter flights from Canada and Japan arrive regularly at 
Kahului Airport. 

As shown on Figure 5-3, neighborhoods and other points of interest near the harbor 
include (from north and west to south and east): 

• low-rise commercial and residential areas; 

• the Harbor Lights condominium complex, with approximately 350 units 
overlooking the harbor; 

• recreation fields and the Maui Arts and Culture Center; 

• Maui Community College, which serves approximately 2,900 students and 
180 faculty;19 

• two low-rise hotels along the waterfront, with a total of approximately 380 
rooms; 

• Hoaloha Park, with recreational facilities for the canoe clubs that practice in 
the harbor,20 

• three retail centers inland of Ka‘ahumanu Avenue and a bank, an automobile 
dealer’s lot, and two older buildings leased to multiple tenants on the seaward 
side of the road in the vicinity of the harbor; and  

• an industrial area adjacent to the harbor, with harbor-related operations and 
warehouses.  

The West Breakwater harbor area contains a site owned by the State Department 
of Land and Natural Resources (DLNR) with a recreational boat-launch ramp, a 
shelter built by boat users, and parking. Most of the West Breakwater harbor area 
is currently unused; however, off-road motorbikes occasionally use the 
undeveloped portion. 

 
19  County of Maui, Office of Economic Development. December 2006. Maui County Data Book 2006. 
20  The clubhouses are centers of social activity as well as places to store canoes. They are gathering places for paddlers 

and their supporters. Also, the Hawaiian Canoe Club house is used for an alternative school program serving about 20 
students.  
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Cargo moves between Kahului Commercial Harbor and Honolulu, Kaunakakai on 
Moloka‘i, and ports on the island of Hawai‘i. Lana‘i receives fuel oil shipments 
from Kahului but is served by direct barge shipments from Honolulu. 
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5.9.2 Population Characteristics 
Maui County’s estimated 2006 population was 141,320 residents, 11 percent of the 
state total.21 Since 1959, when Hawai‘i became a state, Maui County’s resident 
population has risen, on average, by 2.6 percent annually (Figure 5-4). Growth was 
highest in the 1980s at an annual average of 3.6 percent. Since 2000, the 
population increase has slowed to approximately 1.7 percent annually. 

Figure 5-4.  Maui County Resident Population 1959 to 2005 
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Source: Department of Business, Economic Development and Tourism (DBEDT). 2007. 
 
 

The annual visitor population has also grown. By 1989, visitors accounted for 30 
percent of the average population in Maui County. The visitor share of de facto 
population has gone down in recent years to about 23 percent of the average 
population on-island (Figure 5-5).22 The decline in the visitor share of the island 
population is due to growth in the resident economy and society, not a loss of 
visitors. Maui continues to attract about a quarter of the state’s visitors. 

 
21  State of Hawai‘i Department of Business, Economic Development, and Tourism website. 

www.hawaii.gov/dbedt/info/economic/databook/Data_Book_time_series/sec01update.xls. Accessed May 28, 2007 
22  DeFacto population is the average island population on any given day. It is hence composed of the average visitor 

census plus resident population, minus those residents who are off-island.  
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Figure 5-5.  Maui County De Facto Population 1980 to 2005 1 
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Source: DBEDT (2007) 
 
 

Maui has about 92 percent of the county’s resident population (as of 2000, as shown in 
Table 5-2), 96 percent of its visitor units, and 97 percent of the county visitor census 
(as of 2005)23. 

Maui’s age and ethnic structure is similar to that of Hawai‘i as a whole. Although the 
federal ethnic categories in Table 5-2 are less useful in Hawai‘i than elsewhere in the 
country, they serve to indicate that Kahului includes about the same proportions of 
Native Hawaiians and persons recognizing two or more races in their ancestry as 
elsewhere in the state. Kahului has a higher share of persons of Asian ancestry and 
fewer Whites than the statewide average. 

 
23  A visitor unit is any hotel room, condo, bed-and-breakfast room, or other housing rented to visitors. The “visitor 

census” is the average number of visitors on-island in a given year. Data are from Hawai‘i State Department of 
Business, Economic Development and Tourism, State of Hawaii Data Book 2005. Honolulu, HI: 2006. 
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Table 5-2.  Population Characteristics, 2000 Census 1 

Population 
State of 
Hawai‘i 

Maui 
County 

Island of 
Maui 

Wailuku 
CCD 

Kahului 
CCD 

Total Population1 1,211,537 128,094 117,644 17,623 20,134 
Male 608,671 64,329 59,175 8,793 9,929 
Female 602,866 63,765 58,469 8,830 10,205 

Age Groups1      
Under 5 years 78,163 8,579 7,822 1,195 1,438 
5 to 14 years 168,086 18,415 16,496 2,705 2,846 
15 to 19 years 81,002 8,658 7,798 1,284 1,415 
20 to 64 years 738,944 79,178 73,621 10,384 11,322 
65 to 74 years 85,262 7,715 6,963 1,172 1,621 
75 and over 75,339 6,914 6,222 1,063 1,742 
Median Age 36.2 36.8 NA 36.1 35.8 

Race (Federal Classification)      
White alone 24.3% 33.9% 35.7% 15.1% 10.0% 
Black or African American alone 1.8% 0.4% 0.4% 0.3% 0.2% 
American Indian and Alaska Native 
alone 

0.3% 0.4% 0.4% 0.3% 0.3% 

Asian alone 41.6% 31.0% 31.1% 44.0% 53.6% 
Native Hawaiian and Other Pacific 
Islander alone 

9.4% 10.7% 9.3% 12.8% 9.9% 

Some other race alone 1.3% 1.4% 1.5% 1.1% 1.5% 
Two or more races 21.4% 22.2% 21.7% 26.5% 24.4% 

Mobility: Residence in 1995 for Persons 5 and Older2    
Same house 56.8% 55.8% 55.0% 73.6% 58.4% 
Different house, same county 26.0% 26.2% 26.6% 19.8% 28.3% 
Different county in Hawaii 2.1% 4.2% 4.0% 3.1% 4.5% 
Different state 11.0% 10.9% 11.4% 3.0% 4.4% 
Outside the U.S. 4.1% 3.0% 3.1% 3.2% 4.3% 

2 
3 
4 
5 
6 
7 
8 

Island of Maui data compiled by adding information for constituent census districts (CCD). 
1 Information collected from all households. Data from U.S. Census Bureau. Census 2000 

Summary File 1. www.census.gov. 
2 Information collected from all households. Data from U.S. Census Bureau. Census 2000 

Summary File 3. www.census.gov. 
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In 2000, most Hawai‘i residents had lived in the same house for five years or more, 
and over 80 percent had lived in the same county during that time. Kahului data are 
similar, although the number of in-migrants from other states was low. Wailuku 
residents were even more settled, with nearly three-quarters living in the same home 
since 1995. Housing data (in 
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Table 5-3) show that more Wailuku households were 
owner-occupants than the state average, which may explain the low mobility in that 
town. 

As shown in the 2000 U.S. Census data provided in Table 5-3, few housing units in 
Wailuku or Kahului were vacant, and very few were held for non-resident use. While 
many housing units are held for seasonal or vacation use in much of Hawai‘i, Wailuku 
and Kahului are communities of local residents with few part-time owners.24

Households in Kahului were, on average, larger than elsewhere on Maui. However, 
crowding as defined by the U.S. Census occurred only slightly more often in Kahului 
than islandwide. 

Rents in both Kahului and Wailuku were below the island average, while mortgage 
payments in Kahului were at the same level as islandwide. In Kahului, housing costs 
were a burden on many households, that is, they were paying 30 percent or more of 
their income for housing, but the number of households in this category was lower 
than islandwide and statewide. 

Census data from 2000 (Table 5-4) show that most Kahului and Wailuku commuters 
spent less than a half-hour traveling to work. The distribution of morning departure 
times was concentrated before 8:00 AM. These trends—short commutes with many 
residents leaving at the same time—suggest that traffic congestion was not a major 
problem in 2000 affecting most Kahului residents. 

Table 5-3.  Housing Characteristics, 2000 Census 

Housing 
State of 
Hawai‘i 

Maui 
County 

Island of 
Maui 

Wailuku 
CCD 

Kahului 
CCD 

Housing Units1      
Total 460,542 56,377 51,980 6,065 6,074 
Occupied 403,240 43,507 40,041 5,792 5,875 
Vacant 57,302 12,870 11,939 273 199 

Vacant for seasonal use 25,584 9,746 9,488 54 29 

                                                 
24  In 2004, 13 percent of residential transactions in the Wailuku-Kahului Community Plan Area resulted in sales to out-of-

state residents. This is far lower than for other districts on Maui Island. Maui County Planning Department, Socio-
Economic Forecast: The Economic Projections for the Maui County General Plan 2030. Wailuku, HI: 2006. Available 
at www.co.maui.hi.us/departments/Planning/pdf/ser.pdf. 

 5-26  



KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN  CHAPTER 5 
DRAFT ENVIRONMENTAL IMPACT STATEMENT  AFFECTED ENVIRONMENT 

Table 5-3.  Housing Characteristics, 2000 Census (continued) 1 

Housing 
State of 
Hawai‘i 

Maui 
County 

Island of 
Maui 

Wailuku 
CCD 

Kahului 
CCD 

Vacant share of units 12.4% 22.8% 23.0% 4.5% 3.3% 
Tenure of occupied housing units      

Owner occupied 57% 58% 57% 64% 54% 
Renter occupied 43% 42% 43% 36% 46% 

Households1      
Number 403,240 43,507 40,041 5,792 5,875 
Persons in households 1,175,755 126,693 116,270 17,612 19,334 
Average household size 2.92 2.91 2.90 3.04 3.29 
Crowding2,3      

1.01 to 1.50 persons/room 3.9% 4.5% 2.2% 6.0% 3.2% 
Over 1.5 persons/room 2.9% 3.3% 3.1% 4.4% 5.4% 

Year Structure was Built2      
1990 to march 2000 18.1% 23.9% 25.4% 30.6% 15.7% 
1980 to 1980 16.6% 24.9% 24.8% 17.1% 18.6% 
1970 to 1979 26.2% 29.4% 29.2% 15.2% 26.1% 
1960 to 1969 18.5% 9.9% 9.8% 12.3% 24.5 
Before 1960 20.6% 11.9% 10.7% 24.9% 15.1% 

Median Contract Rent $721 $716 NA $578 $600 
Median Gross Rent $779 $788 NA $648 $642 
Owner-Occupant Housing Costs      

Median, for owners with a mortgage $1,636 $1,638 NA $1,493 $1,635 
Share of Households with High Housing Costs     

Renters, paying 30% to 39% of 
income 

14.8% 13.9% 14.3% 11.4% 13.7% 

Renters, paying 40%+ of income 28.5% 26.1% 26.5% 29.4% 17.2% 
Owners, paying 30% to 39% of 
income 

12.2% 12.5% 12.9% 12.1% 9.7% 

Owners, paying 40%+ of income 15.6% 18.9% 19.3% 15.9% 14.2% 
2 
3 
4 
5 
6 
7 
8 
9 

10 

NA = not available 
Island of Maui data compiled by adding information for constituent census districts (CCD) 
1 Data from U.S. Census Bureau. Census 2000 Summary File 1. www.census.gov. 

Information collected from all households 
2 Data from U.S. Census Bureau. Census 2000 Summary File 3. www.census.gov. 

Information collected from a sample of households. 
3 Homes with 1.01 to 1.5 persons per room are considered “mildly” crowded. Homes with 

more than 1.5 persons per room are considered “severely” crowded. 
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Table 5-4.  2000 U.S. Census Commuting Patterns 1 

Commuting 
State of 
Hawai‘i 

Maui 
County 

Island 
of Maui 

Wailuku 
CCD 

Kahului 
CCD 

Travel Time for Workers      
Worked at home 20,196 2,998 2,903 258 113 
Commute less than 15 minutes 146,296 22,369 20,510 3,355 3,853 
Commute 15 to 29 minutes 185,326 18,737 17,534 1,891 1,982 
Commute 30 to 44 minutes 119,135 9,933 9,544 1,309 1,184 
Commute 45 to 59 minutes 48,025 4,444 4,315 784 742 
Commute 1 hour or more 44,176 2,781 2,659 350 329 

Share of Commuters      
Commute less than 15 minutes 26.6% 38.4% 37.6% 43.6% 47.6% 
Commute 15 to 29 minutes 34.1% 32.2% 32.1% 24.6% 24.5% 
Commute 30 to 44 minutes 21.9% 17.0% 17.5% 17.0% 14.6 
Commute 45 to 59 minutes 8.8% 7.6% 7.9% 10.2% 9.2% 
Commute 1 hour or more 7.8% 4.5% 4.6% 4.4% 4.0% 

Time Leaving Home      
Did not work at home 542,958 58,264 54,333 7,689 8,090 
12:00AM to 4:59AM 4.5% 4.1% 4.1% 3.7% 4.5% 
5:00AM to 5:59AM 13.0% 8.5% 8.5% 9.2% 9.7% 
6:00AM to 6:59AM 24.5% 20.3% 20.0% 24.3% 20.8% 
7:00AM to 7:59AM 26.1% 30.3% 30.1% 32.4% 31.0% 
8:00AM to 8:59AM 10.8% 12.3% 12.5% 10.7% 9.4% 
9:00AM to 11:59AM 8.2% 8.2% 8.4% 6.8% 7.3% 
12:00PM to 3:59PM 6.9% 9.9% 10.1% 8.2% 9.8% 
4:00PM to 11:59PM 6.0% 6.3% 6.4% 4.7% 7.5% 

2 
3 
4 

5 

6 
7 
8 
9 

10 
11 
12 

CCD = constituent census district 
Source: U.S. Census Bureau. Census 2000 Summary File 3. www.census.gov. 
 

5.9.3 Economy 
Hawai‘i’s economy changed after the 1960s from reliance on agriculture to tourism. 
As O‘ahu is the center of military, economic, and transport activity, its economy was 
and remains diversified. The other islands have historically been much more reliant on 
tourism and, hence, more vulnerable to abrupt changes in visitor traffic. Since 1980, 
Maui’s economy has grown steadily to an extent not found on Hawai‘i, Kaua‘i, 
Moloka‘i, or Lana‘i. Maui weathered the economic slowdown of the mid-1990s with 
continuing growth while other islands experienced disruption. This is partly due to 
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diversification of the local economy but largely due to a strong visitor industry. In 
2005, 29 percent of Maui County jobs were in the accommodations and food service 
sector, as compared to 20 percent for Hawai‘i County and 16 percent statewide.

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 

25 
Maui industry leaders and policy-makers have encouraged upscale resort develop-
ment, with the intention of attracting affluent visitors rather than increasing the 
number of visitors. Their efforts have helped to brand the island as a leading vacation 
destination. 

Figure 5-6 shows a key impact of the healthy Maui economy: unemployment has 
dropped to a level slightly below the very low state average. The 2000 unemployment 
data in Table 5-5 indicates that Kahului unemployment was higher than for Maui as a 
whole, while still below the State average.26 The distribution of workers by industry in 
Kahului was similar to the islandwide distribution. 

Figure 5-6.  Average Annual Unemployment,  
State and County, 1990 to 2005 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05

State Unemployment Rate

Maui County Unemployment Rate

Percent (%) Unemployed

FY
 15 

16 
17 
18 

                                                

Source: DBEDT. 2007. State of Hawaii Data Book, 2006. 
 
 

 
25  Hawai‘i State Department of Business, Economic Development and Tourism (DBEDT), 2006. State of Hawaii Data 

Book, 2005.  
26  Unemployment rates in decennial Census publications are based on large samples, and show differences between small 

areas. Other unemployment data are collected using a different methodology. Rates computed in different ways should 
not be compared to each other. 
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Table 5-5.  Labor Force Characteristics, from 2000 Census 1 

Labor Force 
State of 
Hawai‘i 

Maui 
County 

Island 
of Maui 

Wailuku 
CCD 

Kahului 
CCD 

Persons 16 and Older      
In armed services 39,036 88 86 0 37 
In civilian labor force (CLF) 573,795 66,219 61,668 8,530 8,904 

Employed 537,909 62,935 58,801 8,114 8,365 
Unemployed 35,886 3,284 2,929 416 539 

Not in labor force 337,224 33,019 29,991 4,842 6,539 
Unemployment % (of CLF) 6.3% 5.0% 4.7% 4.9% 6.1% 
Labor force participation %  
(of population 16 and older) 

64.5% 66.8% 66.% 63.8% 57.8% 

Workers by Industry      
Agriculture, forestry, fishing, and 
hunting 

2.2% 3.6% 3.3% 2.7% 4.1% 

Mining 0.0% 0.0% 0.0% 0.0% 0.0% 
Construction 6.0% 6.9% 6.8% 5.6% 5.3% 
Manufacturing 3.5% 3.4% 3.6% 6.6% 4.4% 
Wholesale trade 3.2% 2.8% 2.9% 2.8% 4.9% 
Retail trade 12.2% 12.1% 12.5% 15.3% 13.4% 
Transportation and warehousing, 
and utilities 

5.3% 4.5% 4.5% 4.4% 4.2% 

Utilities 1.0% 1.3% 1.3% 1.8% 1.8% 
Information 2.5% 1.9% 1.9% 2.4% 2.0% 
Finance, insurance, real estate 7.0% 6.7% 6.9% 5.8% 5.9% 
Professional, scientific, and 
technical services 

4.8% 3.1% 3.3% 2.5% 2.5% 

Administrative and support services 4.7% 5.0% 4.9% 5.2% 5.1% 
Educational services 9.3% 7.0% 6.7% 7.3% 6.2% 
Health care and social assistance 9.7% 8.1% 8.1% 7.5% 8.3% 
Arts, entertainment, and recreation 2.6% 3.6% 3.5% 2.1% 2.2% 
Accommodation and food services 13.4% 22.0% 21.9% 16.6% 21.3% 
Public administration 8.1% 4.1% 4.0% 6.3% 4.6% 
Other services 4.4% 4.0% 4.0% 5.0% 3.8% 

2 
3 
4 
5 

CCD = Census District 
Source: U.S. Census Bureau. Census 2000 Summary File 3. www.census.gov. 
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Census information on incomes and poverty (Table 5-6) shows that Maui residents 
tended to have household incomes close to the state median. The Kahului median 
household income was 94 percent of the state median. The share of residents with 
incomes below the poverty line was higher in Kahului than statewide. Elderly 
residents formed a larger share of persons below the poverty line than in the other 
areas listed in 

1 
2 
3 
4 
5 
6 

7 

Table 5-6.  

Table 5-6.  Income and Poverty Characteristics, from 2000 Census 

Income and Poverty 
State of 
Hawai‘i 

Maui 
County 

Island 
of Maui 

Wailuku 
CCD 

Kahului 
CCD 

Household Income in 1999      
Under $25,000 23.0% 23.0% 22.2% 24.1% 26.1% 
$25,000 to $49,999 27.2% 27.5% 27.0% 28.4% 27.8% 
$50,000 to $74,999 20.6% 22.2% 22.0% 23.5% 20.1% 
$75,000 to $99,999 12.7% 11.8% 11.9% 12.1% 12.5% 
$100,000 to $199,999 13.6% 12.7% 12.9% 10.0% 11.0% 
$200,000 and above 2.5% 2.9% 3.0% 1.7% 2.3% 

Median Household Income $49,820 $49,489 NA $48,165 $46,672 
Poverty Status      

Share of total population below 
poverty line 

10.7% 10.5% 9.8% 10.3% 11.8% 

Age distribution, persons below 
poverty line 

     

0 to 17 years 32.1% 30.8% 28.7% 32.8% 32.7% 
18 to 64 years 58.6% 61.0% 63.0% 62.8% 50.1% 
65 to 74 years 4.6% 3.4% 3.3% 0.7% 6.9% 
75 years and over 4.7% 4.8% 5.0% 3.7% 10.4% 

8 
9 

10 

11 
12 
13 
14 
15 
16 

NA = not available 
 

5.9.4 Neighborhoods Near the Harbor (Environmental Justice) 
Land around the harbor is predominantly commercial and industrial, with only limited 
land in residential use. Potential impacts of harbor improvements on these neighbor-
hoods need to be assessed in light of federal Executive Order (EO) 12898 on 
environmental justice (February 11, 1994). Under this EO, federal agencies are 
required to address the potential for disproportionately high and adverse effects of 
their actions on minority and low-income populations. 
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In response to this EO, this document provides a demographic frame of reference for 
the setting in which Kahului Commercial Harbor is located. Census data on 
neighborhoods within the harbor vicinity is shown in 
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Table 5-7, focusing on race, 
household size, and economic indicators of poverty. The data are broken down into 
block groups, the smallest Census areas for which information on household incomes 
is available. Figure 5-7 delineates these areas.  

Table 5-7 includes demographic and economic information needed to compare the 
areas near the harbor to the overall population of Kahului and Wailuku. It shows: 

• About a quarter of the population of the two towns lives in the block groups 
studied.27 

• The racial make-up of each area varies. In none of the areas is there a large 
racial minority that stands out from the mixture found in the surrounding 
towns.  

• Low-income households (i.e., ones with 1999 incomes of $25,000 or below, 
up to about 50 percent of the county median) account for two-fifths of the East 
Side population. In all of the areas near the harbor, the share of households 
earning at or below the county median is higher than for either Maui or the 
two towns studied. 

• The share of the population with household incomes below the federal poverty 
line is high for the Center and East Side areas near the harbor. In the West 
Side, the incidence of poverty is lower than the average for either Wailuku or 
Kahului. 

• Households paying a large share of their income for housing are common in 
the West Side and make up about half the population. High housing costs are 
about as common in the other areas as in Wailuku as a whole, but more 
common than in Kahului as a whole. 

 
27  The population shown in Table 5-7 is larger than the population living within a half-mile of Kahului Harbor. Notably, 

CT 311.01, block group 1 stretches from Ka‘ahumanu Avenue, in the north, to the southern edge of Kahului. About 23 
percent of its population lives within a half-mile of the harbor, mainly in the Harbor Lights condominium.  
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Table 5-7.  2000 US Census Demographic and Economic Characteristics, 
Residents of Areas Near Kahului Harbor 

1 
2 

   
Areas Near  

Kahului Harbor 

 Wailuku Kahului 
West 
Side Center 

East 
Side 

Population 17,623 20,134 2,659 6,092 1,603 
Age Structure      

under 20 29.4% 28.3% 19.8% 30.2% 24.1% 
20 to 64 57.9% 55.0% 66.8% 60.8% 58.5% 
65 or more 12.7% 16.7% 13.4% 8.9% 17.4 

Race (federal classification)      
White alone 15.1% 10.0% 15.9% 12.4% 10.4% 
Black or African American alone 0.3% 0.2% 0.4% 0.5% 0.2% 
American Indian and Alaska Native alone 0.3% 0.3% 0.8% 0.6% 0.2% 
Asian alone 44.0% 53.6% 48.9% 40.0% 57.0% 
Native Hawaiian and Other Pacific Islander 
alone 

12.8% 9.9% 10.0% 15.7% 7.3% 

Some other race alone 1.1% 1.5% 1.4% 2.2% 0.6% 
Two or more races 26.5% 24.4% 22.5% 28.7% 24.3% 

Households      
Number 5,792 5,875 986 1,677 458 
Average household size 3.04 3.29 2.70 3.38 3.42 

Economic Indicators      
Household income in 1999      

Under $25,000 24.1% 26.1% 27.7% 32.8% 40.4% 
$25,000 to $49,000 28.4% 27.8% 38.0% 32.2% 22.7% 

Poverty Status      
Share of total population below poverty line 10.3% 11.8% 9.8% 20.4% 15.6% 
Age distribution, persons below poverty line      

0 to 17 years 32.8% 32.7% 10.0% 45.1% 29.8% 
18 to 64 years 62.8% 50.1% 83.1% 48.9% 49.6% 
65 to 74 years 0.7% 6.9% 0.0% 5.3% 11.3% 
75 years and over 3.7% 10.4% 6.9% 0.7% 9.3% 
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Table 5-7.  2000 US Census Demographic and Economic Characteristics, 
Residents of Areas Near Kahului Harbor (continued) 

1 
2 

   
Areas Near  

Kahului Harbor 

 Wailuku Kahului 
West 
Side Center 

East 
Side 

Share of Households With High Housing Costs      
Renters, paying 30% to 39% of income 11.4% 13.7% 16.1% 17.2% 16.1% 
Renters, paying 40%+ of income 29.4% 17.2% 33.0% 20.2% 21.8% 
Owners, paying 30% to 39% of income 12.1% 9.7% 26.4% 24.6% 5.9% 
Owners, paying 40%+ of income 15.9% 14.2% 22.5% 17.3% 35.3% 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 

Areas near Kahului Commercial Harbor are U.S. Census block groups with populations living 
within a half-mile of the harbor. The West Side consists of Census Tract (CT) 309.2, Block 
Group (BG) 2, and CT 310, BG 3. The Center consists of CT 311.02, BG 1 and CT 311.02, BG 
1. The East Side consists of CT 312, BG 1. CT 306 extends to within a half-mile of the harbor 
(along Kanahā Pond and Beach) but no residents were counted in the blocks near the harbor in 
2000. 
 
 

The data in Table 5-7 show that the neighborhoods near the harbor include a higher 
proportion of low-income households than for Wailuku and Kahului as a whole. They 
do not suggest that these neighborhoods constitute a low-income community, since the 
demographic details of the three areas differ. Of the three, the East Side is closest to 
being a low-income community, based on the 1999 income data. 
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5.9.5 Emerging Trends: Population and Economic Projections 1 
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DBEDT has developed demographic and economic projections for the state and 
counties to 2030. Maui County has allocated the state projections to its constituent 
islands and community plan areas on the basis of land available for economic growth 
and historical growth trends. The County anticipates continuing growth on all islands 
(Table 5-8). The visitor industry is expected to grow in South and West Maui. The 
Wailuku-Kahului Community Plan area is to remain the district with the largest 
population and job count, as shown in Table 5-9.

Maui County expects not only population growth in the Wailuku-Kahului area through 
2030, but also demand for more housing development than is now permitted. The 
problem is overwhelmingly attributed to resident demand in this area (Table 5-10). In 
Kīhei-Mākena (South Maui), the other area without enough permitted housing to meet 
demand, the problem is largely due to non-resident demand, as shown in Table 5-10. 

Table 5-8.  Population and Economic Projections,  
Maui County and Islands 

 Historical Projected 
 1990 2000 2005 2010 2015 2020 2025 2030 

Maui County         
Resident Population 100,504 128,241 140,050 151,300 162,600 174,450 186,850 199,550 
Households 33,207 43,622 49,140 54,036 58,913 64,136 69,590 75,019 
Wage + Salary Jobs 51,223 62,410 66,722 70,479 74,297 78,163 82,201 88,438 
Total Visitor Units 18,035 18,270 18,270 19,380 21,270 22,920 24,690 26,510 
Average Visitor 
Census 

38,834 43,854 47,808 51,781 57,260 61,612 66,438 71,370 

Ratio (AVC/RP) 0.39 0.34 0.34 0.34 0.35 0.35 0.36 0.36 
Lana‘i         

Resident Population 2,426 3,193 3,452 3,735 4,046 4,308 4,598 4,901 
Households 847 1,161 1,285 1,415 1,555 1,680 1,817 1,955 
Wage + Salary Jobs 1,534 1,630 1,753 1,891 2,045 2,162 2,293 2,428 
Total Visitor Units 113 368 368 368 368 368 368 368 
Average Visitor 
Census 

616 1,131 1,224 1,325 1,466 1,577 1,700 1,827 

Ratio (AVC/RP) 0.03 0.35 0.35 0.35 0.36 0.37 0.37 0.37 
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Table 5-8.  Population and Economic Projections,  
Maui County and Islands (continued) 

1 
2 

 Historical Projected 
 1990 2000 2005 2010 2015 2020 2025 2030 

Moloka‘i         
Resident Population 6,717 7,404 7,127 7,276 7,542 7,772 8,068 8,395 
Households 2,088 2,420 2,382 2,475 2,603 2,722 2,862 3,006 
Wage + Salary Jobs 1,638 2,080 2,058 2,188 2,328 2,434 2,573 2,712 
Total Visitor Units 559 429 429 429 429 429 429 429 
Average Visitor 
Census 

616 905 909 980 1,082 1,166 1,256 1,349 

Ration (AVC/RP) 0.09 0.12 0.13 0.13 0.14 0.15 0.16 0.16 
Maui Island         

Resident Population 91,361 117,644 129,471 140,289 151,011 162,370 174,184 186,254 
Households 30,272 40,040 45,474 50,146 54,755 59,734 64,911 70,058 
Wage + Salary Jobs 48,051 58,700 62,912 66,400 69,924 73,567 77,335 81,298 
Total Visitor Units 17,363 17,473 17,473 18,583 20,473 22,123 23,893 25,713 
Average Visitor 
Census 

38,150 41,818 45,676 49,476 54,713 58,869 63,482 68,194 

Ratio (AVC/RP) 0.42 0.36 0.35 0.35 0.36 0.36 0.36 0.37 
3 
4 
5 
6 
7 

8 
9 

AVC = Average Visitor Census 
RP = Resident Population 
Source: Maui County. 2006. 
 
 

Table 5-9.  Population and Economic Projections,  
Maui Island and Community Plan Areas 

 Historical Projected 
 1990 2000 2005 2010 2015 2020 2025 2030 

Lahaina         
Resident Population 14,574 17,967 19,852 21,577 23,286 25,096 26,979 28,903 
Households 4,868 6,031 6,897 7,642 8,376 9,170 9,995 10,816 
Wage + Salary Jobs 13,676 16,445 16,663 17,222 17,714 18,284 18,761 19,266 
Total Visitor Units 9,285 9,659 9,506 9,916 10,614 11,223 11,877 12,549 
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Table 5-9.  Population and Economic Projections,  
Maui Island and Community Plan Areas (continued) 

1 
2 

 Historical Projected 
 1990 2000 2005 2010 2015 2020 2025 2030 

Kīhei-Mākena         
Resident Population 15,365 22,870 25,609 28,114 30,597 33,227 35,962 38,757 
Households 5,931 8,946 10,204 11,286 12,353 13,506 14,705 15,897 
Wage + Salary Jobs 8,047 10,915 12,721 14,089 15,628 17,509 19,407 21,401 
Total Visitor Units 7,318 6,789 7,439 8,121 9,282 10,295 11,382 12,500 

Wailuku-Kahului         
Resident Population 32,816 41,503 46,626 51,312 55,957 60,877 65,995 71,223 
Households 10,115 12,852 15,205 17,229 19,226 21,383 23,625 25,855 
Wage + Salary Jobs 22,462 25,904 27,390 28,553 29,582 30,451 31,477 32,561 
Total Visitor Units 589 807 413 431 461 487 515 544 

Makawao-Pukalani-Kula         
Resident Population 18,923 21,571 23,176 24,644 26,098 27,640 29,243 30,880 
Households 6,179 7,594 8,331 8,965 9,590 10,266 10,969 11,667 
Wage + Salary Jobs 2,146 3,061 3,802 4,148 4,541 4,841 5,130 5,434 
Total Visitor Units 8 10 7 7 7 7 7 7 

Pā‘ia-Ha‘ikū         
Resident Population 7,788 11,866 12,210 12,525 12,837 13,168 13,512 13,863 
Households 2,590 4,022 4,180 4,316 4,450 4,595 4,746 4,896 
Wage + Salary Jobs 1,088 1,702 1,666 1,703 1,755 1,772 1,826 1,880 
Total Visitor Units 0 12 18 18 19 19 20 21 

Hāna         
Resident Population 1,895 1,867 1,998 2,118 2,236 2,362 2,493 2,626 
Households 586 596 656 708 759 814 871 928 
Wage + Salary Jobs 631 672 670 685 705 710 733 754 
Total Visitor Units 163 196 90 90 91 91 92 93 

3 
4 
5 

Source: Maui County. 2006. 
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Table 5-10.  Land Availability by Community Plan Area  
for Projected Development 

1 
2 

 Housing Supply 
Demand for  
New Units Surplus or Deficit 

Community  
Plan Area 2005 

Potential 
Units Resident 

Non-
Resident Resident Combined 

Lahaina 7,440 3,083 4,181 3,669 -1,098 -4,767 
Kīhei-Mākena 11,070 12,313 6,015 3,720 6,298 2,578 
Wailuku-Kahului 12,569 9,587 15,046 1,503 -5,459 -6,962 
Makawao-Pukalani-Kula 9,033 3,658 3,534 840 124 -716 
Pā‘ia-Ha‘ikū 4,519 2,092 778 654 1,314 660 
Hāna 844 1,297 160 219 1,137 918 
Maui Island Total 44,631 30,733 29,554 10,386 1,179 -9,207 

Notes: Maui County’s Planning Department and its consultants have worked to identify 
existing and permitted land development. “Potential” units are from the Department’s 
“Maui Island Development Projects Database” listings of approved projects and vacant 
lands. Non-resident demand is estimated on the basis of trends in residential sales to 
out-of-state owners. 
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Source: PlanPacific. 2007. 
 

5.9.6 Development Activity in Kahului and Wailuku 
Current and planned development activities in Kahului and Wailuku include the 
following projects. 

• Alexander and Baldwin Properties (A&B Properties) has obtained a Special 
Management Area (SMA) approval for Kahului Town Center, a mixed-use 
project to replace the Kahului Shopping Center. The new project will include 
442 multifamily units as well as retail and office space. A half-acre park and 
space for a farmers’ market are included in the plans.28  

• A dormitory building for some 400 Maui Community College students is 
being built at Lono Avenue and Vevau Street, east of Queen Ka‘ahumanu 
Shopping Center. Space will be offered to students as of August 2007.  

• A&B Properties has approvals for a 130-unit airport hotel, between Kanahā 
Pond and Costco. No immediate development plans have been announced. 

 
28  A. Gomes, “Kahului Plan Mixes Retail, Condos.” The Honolulu Advertiser. August 23, 2006. Available at 

www.honoluluadvertiser.com/article/2006/Aug/23/bz/FP608230329.html. 
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The A&B Properties website states, “Entitled for hotel development, this 
project site is being considered for joint venture and/or sale.”
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29 

• Much of the new housing anticipated in the Wailuku-Kahului Community 
Plan Area will be in project districts now known as Maui Lani and Kehalani. 
These project districts cover the area south of Kahului and east of Wailuku, 
filling in most of the area between these two towns and Waikapu. Permits 
cover construction of as many as 4,800 units; less than half of these have 
already been built. Additional new development is under way in Waiehu and 
Waikapu. 

The County’s map of proposed projects (Figure 5-8) shows how the area from Waiehu 
to Waikapu and the open space between Kahului and Wailuku are likely to be filled in 
the coming decades. 

5.9.7 Community Concerns 
Maui residents have elaborated their vision for the island’s and county’s future 
through planning processes that encourage local and island-level discussions. The 
2003 Focus Maui Nui discussions conducted throughout the county identified six key 
strategies: 

1. Improve education; 

2. Protect the natural environment; 

3. Address infrastructure challenges, particularly housing and transportation; 

4. Adopt targeted economic development strategies; 

5. Preserve local culture and traditions; and 

6. Address human needs (notably substance abuse).  

Orderly maintenance and expansion of harbor facilities can be viewed as part of the 
third and fourth strategies, so long as these do not conflict with the second strategy. 

 
29  Alexander & Baldwin website.www.abprop.com/development/asp/DevDetail.asp?txtdevid=D25. Accessed May 29, 2007. 
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The Maui County General Plan, adopted in 1990, endorsed the orderly expansion of 
the Maui economy, with an emphasis on diversifying the economy so that it would not 
be narrowly dependent on tourism. The current draft Countywide Policy Plan, written 
by the Maui County Planning Department for review by advisory committees and the 
general public, includes an objective to “[S]upport the development of efficient, 
economical, and environmentally sensitive means of moving goods and people 
throughout the County and between islands.” The section on the economy emphasizes 
the importance of diversified agriculture.  
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Planning for development in the harbor has involved stakeholder and public meetings 
where the Department of Transportation, Harbors Division (DOT Harbors), welcomed 
input from all interested parties. Major findings of those meetings are summarized in 
Chapter 4. Stakeholders stressed the need to expand harbor facilities. They recognized 
that Kahului Commercial Harbor is used for recreation as well as commerce, and 
sought solutions that would allow the two to continue to co-exist. 

In addition, two harbor-related issues have focused attention on Kahului Commercial 
Harbor. 

• Planning for the Hawaii Superferry (HSF) has elicited concern from citizens 
and groups, including the Maui County Council. Issues mentioned in public 
discussions and the media have included traffic congestion, risk of harm to 
whales, risks to the environment due to inter-island movement of plants and 
parasites, and effects of O‘ahu residents spending more time on other islands, 
such as increased pressure on fishery and recreation resources.  

• In 2006, Young Brothers Ltd. announced that it would no longer accept less-
than-container-load (LCL) shipments. In response to customer protest and an 
effort by DOT Harbors to increase harbor lands available to Young Brothers, 
the company has committed to continuing this service to Kahului through 
2010. Small business owners throughout Hawai‘i viewed the loss of LCL 
service as serious. The general opinion is that using a freight forwarder to 
consolidate goods and materials delays shipments and increases costs. Small 
communities such as Moloka‘i, where stores are typically not large enough to 
order goods in container-size loads, would feel the impact. Maui business 
owners have argued that small stores would have to increase prices, making it 
difficult for them to compete with national retailers such as Wal-Mart and 
Costco. 

At a forum sponsored by Wailuku Main Street in May 2007, speakers emphasized the 
reliance of Maui small businesses on shipping through Kahului Commercial Harbor. 
They described congestion in and around the Young Brothers yard as a problem that 
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has grown serious. Much like the Maui Harbor Users Group (MHUG) convened in 
2006 and early 2007, they wanted harbor facilities to improve as soon as possible.  
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In the MHUG meetings and the Wailuku Main Street forum, speakers noted the 
importance of recreation within Kahului Commercial Harbor for many residents and 
for the community as a whole. Those who called for harbor expansion also sought a 
“balance” of commercial and recreational activities.  

5.10 TRAFFIC CONDITIONS 

Kahului Commercial Harbor is bounded by Kahului Beach Road to the southwest and 
Ka‘ahumanu Avenue to the southeast. Pu‘unēnē Avenue, Wharf Street, and Hobron 
Avenue lead to entrances to the Harbor. The street system, illustrated in Figure 5-9, 
includes a series of regional and local roadways. Primary regional access to the area is 
provided by Hāna Highway (Route 36), with access to upcountry Maui and Hāna. 
Mokulele Highway (Route 311) provides access to and from Kīhei and the southern 
areas of Maui, and Kūihelani Highway (Route 380) provides access to west Maui. 
Pu‘unēnē Avenue and Ka‘ahumanu Avenue provide direct access to these highways 
from the project site. Ka‘ahumanu Avenue and Kahului Beach Road provide access to 
Wailuku and North Maui.  
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Figure 5-9.  Traffic Study Area 1 
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Figure 5-9 shows the 14 intersections selected for data recovery and modeling in the 
traffic study for this EIS conducted by Fehr & Peers/Kaku Associates (Appendix H). 
These were:  

1. Pāpā Avenue/ Wahine Pi‘o Street and Ka‘ahumanu Avenue 

2. Kahului Beach Road and Wahine Pi‘o Street  

3. Kahului Beach Road/Kāne Street and Ka‘ahumanu Avenue 

4. Pu‘unēnē Avenue and Ka‘ahumanu Avenue 

5. Pu‘unēnē Avenue and Wakea Avenue 

6.  Pu‘unēnē Avenue/Mokulele Highway and Dairy Road 

7. Dairy Road and Hāna Highway 

8.  Haleakalā Highway/Hanakai Street and Hāna Highway 

9.  Haleakalā Highway and Hāna Highway 

10. Hobron Avenue/Kamehameha Avenue and Hāna Highway 
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11. Ka’ahumanu Avenue and Hāna Highway 1 
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12.  Hobron Avenue and Ka‘ahumanu Avenue 

13. Hobron Avenue and Amala Place 

14. Wharf Street and Ka‘ahumanu Avenue 

Traffic volume information was collected in April 2007 for morning and afternoon 
peak periods, and for a mid-morning period corresponding to the time when HSF is 
expected to affect local traffic. HSF traffic was added to the counts, using information 
from the traffic study submitted by HSF30. Level-of-service (LOS) analysis was 
conducted. (This methodology represents traffic delays in terms of grades, with E and 
F generally regarded as unacceptable.) Table 5-11 summarizes the data for current 
conditions. It shows that traffic volumes lead to unacceptable delays (LOS E or F) 
during peak hour traffic at four intersections: #6, Dairy Road and Pu‘unēnē 
Avenue/Mokulele Highway; #8, Haleakalā Highway/Hanakai Street and Hāna 
Highway; #9. Haleakalā Highway and Hāna Highway; and #13, Hobron Avenue and 
Amala Place. At no intersection studied do delays reach these levels during the mid-
morning period. 

Table 5-11.  Year 2007 Conditions—Peak Hour Levels of Service 

Intersections Control 
Peak 
Hour 

Delay/vehicle 
(seconds) LOS 

1. Ka‘ahumanu Avenue and Pāpā 
Avenue/Wahine Pi‘o 

Signalized A.M. 
P.M. 

23.8 
18.8 

C 
B 

2. Wahine Pi‘o and Kahului Beach Road Signalized A.M. 
P.M. 

10.7 
10.7 

B 
B 

3. Ka‘ahumanu Avenue and Kahului 
Beach Road/Kāne Street 

Signalized A.M. 
P.M. 

22.8 
39.6 

C 
D 

4. Ka‘ahumanu Avenue & Pu‘unēnē 
Avenue 

Signalized A.M. 
P.M. 

19.3 
29.5 

B 
C 

5. Wakea Avenue & Pu‘unēnē Avenue Signalized A.M. 
P.M. 

27.0 
29.3 

C 
C 

6. Dairy Road & Pu‘unēnē 
Avenue/Mokulele Highway 

Signalized A.M. 
P.M. 

32.9 
55.7 

C 
E 

7. Dairy Road and Hāna Highway Signalized AM 
PM 

29.6 
33.7 

C 
C 

8. Haleakalā Highway/Hanakai Street and 
Hāna Highway 

Side-street 
Stop 

AM 
PM 

41.0 
32.0 

E 
D 

                                                 
30 CH2M Hill, 2006. Traffic Study for Kahului Ferry Terminal.  
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Delay/vehicle Peak 
Intersections Control Hour (seconds) LOS 

9.  Haleakalā Hghway and Hāna Hwy Side-street 
Stop 

AM 
PM 

37.0 
7.0 

E 
A 

10. Hobron Avenue/Kamehameha Avenue 
and Hāna Highway 

Signalized AM 
PM 

22.4 
37.9 

C 
D 

11. Ka‘ahumanu Avenue/Hāna Highway 
and Ka‘ahumanu Ave 

Side-street 
Stop 

AM 
PM 

12.0 
14.0 

B 
B 

12. Hobron Avenue and Ka‘ahumanu 
Highway 

Side-street 
Stop 

AM 
PM 

17.0 
24.3 

C 
C 

13. Hobron Avenue and Amala Place Side-street 
Stop 

AM 
PM 

20.0 
46.0 

C 
E 

14. Ka‘ahumanu Avenue and Wharf Street Signalized AM 
PM 

6.7 
11.4 

A 
B 
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Maui County is developing a public transit service that combines long-distance routes 
and free hourly local loop service in Kahului and Wailuku. The Queen Ka‘ahumanu 
Center serves as a hub for both the Kahului loop and commuter routes. In FY 2007, 
ridership reached about 800,000 passenger-trips.31 New, larger buses are being put in 
service. The bus service has attracted riders both among residents and cruise ship 
passengers. While counts of ship passengers have not been taken, these are recognized 
as accounting for much of the ridership between Kahului and Lahaina from mid-
morning to mid-afternoon. 

5.11 PUBLIC SERVICES AND INFRASTRUCTURE 

The region of influence for public services and infrastructure includes the areas of 
Maui which share electrical, water, wastewater, solid waste, and emergency services 
with the project area. For electrical infrastructure, this includes the areas of the island 
served by the Maui Electric Company (MECO) generating facility east of the harbor. 
For potable water, this includes the areas of Maui served by the ‘Īao aquifer. For 
wastewater and solid waste, this includes areas served by the Wailuku-Kahului 
Wastewater Reclamation Facility (WRF) and the Central Maui Landfill. For 
emergency services, this includes the Maui Police Department District 1 and the area 
served by Maui Fire Department Stations #1, Wailuku and #10, Kahului. 

 
31   Personal communication, Donald Medeiros, Director, Maui County Department of Transportation, July 2007. 
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ELECTRICAL INFRASTRUCTURE. Electricity is supplied to the harbor by MECO from 
electrical substations in the vicinity of the project area via overhead transmission lines 
on Ka‘ahumanu Avenue, Wharf Street, Pu‘unēnē Avenue, and Hobron Avenue. 
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POTABLE WATER. Potable water is supplied to the harbor via a 12-inch water main in 
Ka‘ahumanu Avenue and distributed through a network of four- to eight-inch water 
lines. The projected potable water usage at the harbor is estimated to reach 0.04 
million gallons per day (mgd) by the year 2010.  

The County of Maui Department of Water Supply (DWS) administers and operates 
the island’s water systems, and the harbor is served by the Central Water System 
(CWS). Water distributed via the CWS is drawn from four aquifers: Kahakuloa, 
Waihe‘e, Waikapu, and ‘Īao. Of these, the harbor is served from the ‘Īao aquifer, 
which has an estimated sustainable yield of approximately 20 mgd. The State 
Commission on Water Resources Management (CWRM) has designated the ‘Īao 
aquifer as a Groundwater Management Area. The forecast future demand for all uses 
of the ‘Īao aquifer is up to 30.5 mgd, which exceeds the sustainable yield. The county 
has initiated development of alternative water sources in East Maui to serve the 
island’s needs. 

WASTEWATER AND SOLID WASTE. Solid waste from the harbor is collected by a 
private firm contracted by the State and harbor users and disposed of at the Central 
Maui Landfill. A sewer line runs on DOT Harbors land seaward of Ka‘ahumanu 
Avenue. Wastewater from Kahului Commercial Harbor is sent to the Wailuku-Kahului 
WRF, located east of the harbor. Effluent is disposed of through injection wells. 
Discharge of sanitary wastewater from commercial passenger vessels is prohibited in 
the harbor, per HRS Chapter 342D, Section 102 (342D-102). Cruise ships are required 
to discharge sewage at least three miles from shore. Solid waste generated on cruise 
ships is generally incinerated or recycled. The West Breakwater harbor area does not 
currently have wastewater infrastructure. 

EMERGENCY SERVICES. Police and fire services are provided by the County of Maui. 
In addition, a private company is retained by DOT Harbors to provide security on their 
property. The Kahului and Wailuku fire stations are located approximately two and 
three miles from the harbor, respectively. Harbor users must coordinate with county, 
state, and federal law enforcement to address safety issues as needed. 

5.12 Noise Environment 

The region of influence for noise impacts is the property line of parcels adjacent to the 
project site, and includes any sensitive noise receptors such as schools or hospitals. 
Kahului Commercial Harbor does not share property boundaries with sensitive noise 
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receptors. The West Breakwater harbor area is approximately a half-mile from existing 
residential areas, which may be considered sensitive noise receptors. Pier 2 is 
approximately the same distance from the Harbor Lights condominium.  
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Normal activities at Kahului Commercial Harbor may generate high ambient noise 
levels 24 hours a day, seven days a week, but harbor operations typically occur during 
the day. Noise-generating activities include large truck movements, heavy equipment 
operations, ship loading and unloading using cranes, lifts, and other mechanical 
equipment, and ship and tugboat engines. Typical noise levels in an urban 
environment average 60 to 65 dBA, usually from vehicular traffic. Large vehicles such 
as heavy trucks may cause noise peaks ranging up to 90 dBA. 

Federal guidelines have been developed by Federal Highways Administration. State 
standards are the same if not more stringent, so references here are to state standards. 

HAR 11-46 defines maximum permissible sound levels and provides for protection, 
control, and abatement of noise pollution from stationary noise sources and 
agricultural, construction, and industrial equipment. The maximum permissible sound 
levels in decibels on the A-weighted scale (dBA) for day and night at the property line 
where the activity occurs in Class C, industrial zoning, is 70 dBA. The maximum 
permissible sound level for impulsive noise is defined by DOH as 10 dBA above the 
70 dBA limit. Maximum permissible sound levels are not to be exceeded more than 10 
percent of the time in a 20-minute period without a permit or variance.  
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5.13 CULTURAL AND HISTORIC RESOURCES 

The region of influence for archaeological resources and historic buildings and 
structures includes the areas where ground disturbance or construction associated with 
the project would occur. 

An archaeological and cultural impact assessment was prepared in 2004 for the 2025 
Master Plan EA.32 The purpose of the project was to identify the archaeological sites, 
historic properties, and cultural resources and activities present (or potentially present) 
from historical documentation, previous archaeological research, interviews with 
native Hawaiians and harbor users, and a survey of the project area; to evaluate the 
significance of these resources; and to determine the potential for significant effects 
from the proposed project.  

 
32  International Archaeological Research Institute, Inc. April 2004. Archaeological and Cultural Impact Assessment of 

Cultural Resources at Kahului Harbor, in State of Hawai‘i Department of Transportation. November 2005. Final 
Environmental Assessment and Finding of No Significant Impact, 2025 Master Plan Improvements, Kahului 
Commercial Harbor. 
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According to the 2004 assessment, 26 archaeological studies have been conducted in 
the vicinity of Kahului Commercial Harbor since 1973. Only one study was conducted 
on the actual harbor property: a surface survey and backhoe trenching of eight acres of 
the harbor property between Wharf Street and Pu‘unēnē Avenue, north of 
Ka‘ahumanu Avenue. No surface evidence of archaeological sites was found during 
the survey. Eleven trenches were excavated in the west half of the property. Historic 
period artifacts found included a probable fire pit, shard of white porcelain, and a 
piece of bottle glass. The inland portions of the harbor were built by laying fill on top 
of the former beach, and finds in these areas indicate a potential for subsurface 
prehistoric or early historic cultural remains or human burial remains beneath existing 
harbor fill. The piers and wharves on the seaward side of the harbor and the entire 
West Breakwater harbor area were developed by filling in the bay and, therefore, 
present virtually no potential for the presence of intact archaeological resources.  

Limited archaeological work has been conducted in the coastal strip surrounding 
Kahului Commercial Harbor, which is outside of the project scope. Traditional 
Hawaiian and historic archaeological sites, including human burials and cultural 
deposits, have been uncovered in sand deposits in this area. 

Kahului Commercial Harbor was designated as a historic site on the State Inventory of 
Historic Places (SIHP), Site 50-50-04-2953. Site 2953 consists of the piers, wharves, 
breakwaters, and structures that were constructed during the harbor’s main period of 
development between 1901 and 1931. The site is not on the National Register of 
Historic Places or the Hawai‘i Register of Historic Places; however, it is potentially 
eligible. The historical importance of the site is its link to sugar industry development 
and the development of Kahului as a main commercial center. 

Kahului Commercial Harbor formed part of the area defined as the Kahului Historic 
District, Site 50-50-04-1607. The structures which the SIHP identified as contributing 
elements to the Kahului Historic District include the Kahului Railroad roundhouse, 
shop, and other sites. The Railroad office is on a parcel which DOT Harbors acquired 
in December 2007. The historical importance of the Kahului Historic District is the 
role that it played in the major period of growth and development of Kahului town. 
The Kahului Railroad roundhouse and shop remain standing adjacent to the harbor, on 
the west side of Hobron Avenue. The large concrete brick buildings are still in use and 
appear to retain their structural integrity. The Kahului Railroad office building, located 
on the harbor side of Ka‘ahumanu Avenue east of Wharf Street on land owned by the 
State of Hawai‘i, was in good condition at the time of the 2004 study. 
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A Cultural Impact Assessment was prepared in 2004 for the 2025 Master Plan EA.33 
The area around Kahului Bay was likely a fishing settlement during prehistoric and 
early historic times. 

Traditional uses and cultural activities in the harbor area include surfing, canoe 
paddling, fishing, and limu (seaweed) gathering. According to the 2004 Cultural 
Impact Assessment, other traditional uses in the past included shellfish gathering, 
turtle hunting, and salt gathering. Today, very little traditional fishing takes place in 
the harbor; net fishing and diving occur along the Kahului shoreline. Section 5.15, 
Recreational Resources, provides more information about present activities in the 
harbor. 

5.14 VISUAL AND AESTHETIC RESOURCES 

Visual resources include scenic vistas, scenic overlooks, unique topography, or visual 
landmarks having scenic value. The region of influence for visual and aesthetic 
resources includes the project site itself and observation points from surrounding 
public roadways. 

The existing visual environment in the project area is predominantly industrial. 
Existing harbor facilities include warehouse structures, stacked shipping containers, 
conveyors, and paved parking and cargo handling areas surrounded by chain-link 
fences. The West Breakwater harbor area is currently undeveloped, with low shrubs 
and scrub trees, mounds of coral fill, and a paved parking area. The project area is 
generally flat, and views from public roadways are currently of existing industrial 
development or sparsely vegetated areas. 

Two Indian Banyan (Ficus benghalensis) trees in the vicinity of the Kahului Railroad 
building have been identified by the Maui County Arborist Committee as “heritage” 
trees. According to an October 19, 2006, letter from the committee to DOT Harbors, 
the size of the trees indicate they are historical, and provide some of the only shade in 
the area. 

 
33  International Archaeological Research Institute, Inc. April 2004. Archaeological and Cultural Impact Assessment of 

Cultural Resources at Kahului Harbor, in State of Hawai‘i Department of Transportation. November 2005. Final 
Environmental Assessment and Finding of No Significant Impact, 2025 Master Plan Improvements, Kahului 
Commercial Harbor. 

 5-50  



KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN  CHAPTER 5 
DRAFT ENVIRONMENTAL IMPACT STATEMENT  AFFECTED ENVIRONMENT 

5.14.1 Recreational Resources 1 

2 

3 
4 
5 
6 
7 

8 

9 
10 

11 
12 
13 
14 

15 
16 

17 

18 
19 
20 
21 
22 
23 

5.14.2 Introduction 
The region of influence for fishing, canoe paddling, and recreational boating resources 
is within the harbor itself. The region of influence for surfing resources is from 
Ho‘okipa Beach Park to Waihe‘e Beach Park. John Clark was retained to identify 
ocean recreation activities taking place in Kahului Commercial Harbor. Following is a 
summary of his findings. 

Current recreation areas in the project vicinity include the following.  

• Ocean resources in the harbor itself, including surf breaks and an outrigger 
canoe paddling course. 

• Shoreline fishing areas along the beach within the harbor, and at the West 
Breakwater. Figure 5-10 shows the fishing areas within Kahului Commercial 
Harbor, and Section 5.14.4.4 provides additional details for fishing within the 
harbor. 

• The boat-launch ramp and adjacent DLNR land on the West Breakwater 
harbor area, used primarily as a parking lot and boat wash-down area. 

• Hoaloha Beach Park, a two-acre public beach park with two canoe hale. 

The terrorist attacks of September 11, 2001 (9-11) resulted in a security zone being 
established around Piers 1 and 2 and all waters inland from the tip of Pier 2 to the tip 
of the East Breakwater. Non-commercial ocean recreation activities such as fishing 
and outrigger canoe paddling are prohibited in the zone. A security zone also extends 
300 feet (90 m) around commercial passenger vessels (shown in Figure 5-10), and net 
fishing is prohibited in the turning basin. 
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5.14.3 Historic Overview and Background 1 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 

16 
17 
18 
19 
20 

21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

                                                

Early accounts of Kahului Commercial Harbor’s use by Hawaiians note that the shore 
of the harbor was a sand beach used as a canoe landing.34, 35, 36 The shallow reef in 
the harbor has been documented as a popular surfing area since newspaper accounts in 
the mid-1800s. The following is a quote from the story of Kamehameha I in the 
December 8, 1866 issue of Ka Nupepa Kuokoa: 

Kahekili was living at Pihana in Paukūkalo, Wailuku, with the chiefs, his favorite 
companions, and his warriors, Kaniuula and Kepoouahi. The chiefs of Wailuku passed 
their time in the waves of Kehu and Ka‘akau; the chiefs of Waiehu and Napoko in the 
waves of Niukūkahi and ‘A‘awa; and the chiefs of Waihe‘e in the enjoyable waves of 
Pala‘ie and Kahāhāwai. 

While the surfing account does not identify the exact locations of the surfing sites 
Kehu and Ka‘akau, it is likely they were on the reef off Kahului, the site of the 
commercial harbor today. The account also shows that Hawaiians surfed the entire 
coast from Kahului to Waihe‘e. 

Today, two breakwaters protect the harbor. A 600-foot wide entrance channel lies 
between the two breakwaters. These improvements converted the natural protected 
bay into a commercial deep-draft harbor, and with the development of additional piers 
and support facilities, left only a small section of the original sand beach on the east 
side of the harbor. 

5.14.4 Ocean Recreation Activities 
Although Kahului Commercial Harbor has served as Maui’s only deep-draft harbor 
for approximately 100 years, it has also continued to accommodate a wide variety of 
ocean recreation activities in addition to the maritime activities. The shore of the 
harbor and the harbor waters outside the secured area are accessible to the public, and 
are popular ocean activity areas. Most of the activities are concentrated on the 
calcareous sand beach at Hoaloha Beach on the east side of the harbor and at (or near) 
the DLNR boat-launch ramp at the West Breakwater harbor area. These activities, 
which include outrigger canoe paddling, kayak and individual canoe paddling, surfing, 
bodyboarding, boating, pole fishing, spear fishing, seaweed gathering, and swimming, 
are addressed in the following sections. 

 
34  Ka Hoku o Hawai‘i, January 2, 1862 
35  Ka Nupepa Kuokoa, March 14, 1868 
36  Ke Au Hou, December 6, 1911 
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Kahului Commercial Harbor is one of the major outrigger canoe paddling and racing 
sites on Maui. Two canoe clubs practice in the harbor, Hawaiian Canoe Club and Na 
Kai Ewalu. A third canoe club, Laeula o Kai, from Kanahā Beach Park north of the 
harbor, occasionally practices in the harbor. Other non-motorized boats such as one-
person outrigger canoes, surf skis (racing kayaks), and ocean kayaks (recreational 
kayaks) traverse the harbor daily, normally for individual recreation or organized 
training and occasionally for racing.  

The harbor is used for canoe practices and races throughout the year. The Kahului 
Commercial Harbor canoe clubs typically begin organized practice sessions for 
children and adults in March, and the summer regatta season begins in June. Practice 
sessions typically start at 3:00 PM for children and end at 7:30 PM for adults, Monday 
through Friday. Practices are also held on weekends and holidays as necessary. After 
the summer regatta season, practices and races continue in the long-distance paddling 
season, which is from August to October and culminates in the Moloka‘i-to-O‘ahu 
races for women and men. High school paddling begins in November after the 
Moloka‘i races and ends in February. 

The canoe regatta racecourse is a one-quarter-mile-long course which can accom-
modate up to ten lanes, located off Hoaloha Beach and near Pier 2. The lanes are 80 
feet (25 m) wide. The exact dimensions and location of this course and the space 
recommendations around it were provided by the president of the Hawaiian Canoe 
Club.37 During regattas, the land between Pu‘unēnē Avenue and Pier 2 is commonly 
used as a launch and return area for paddlers. This is the only regatta racecourse on the 
north shore of Maui, and one of three ten-lane courses on the island. The other two are 
at Hanako‘o Beach Park (Canoe Beach) between Lahaina and Kā‘anapali, and at 
Kīhei. On the north shore, Kahului Commercial Harbor provides the only year-round 
calm water conditions necessary for canoe regattas and for training. 

The Maui County Hawaiian Canoe Association (MCHCA) race schedule includes pre-
season races, regatta season races, and long-distance races, including the Moloka‘i-to-
O‘ahu races. For the 2007 regatta season, three MCHCA regattas were identified for 
Kahului Harbor. 

5.14.4.2 Surfing 

The surf sites within the harbor break best on large north swells. High surf within the 
harbor creates a powerful rip current that runs alongside the West Breakwater and then 
pushes east. Surf conditions in the harbor also create heavy surge at Piers 1 and 2. The 

 
37  Personal communication, David Ward, July 2007. 
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waves in the harbor are best with no wind or a light kona wind, which blows offshore 
in the harbor. Some surfers who consider the harbor water to be too polluted for 
surfing under normal conditions only surf in the harbor when the waves are big and 
there is a lot of water movement to flush out the pollution. 
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The primary surfing sites in the harbor are currently defined by the edge of the turning 
basin. Surfers typically park on the West Breakwater harbor development area to 
access most of the surf spots in the harbor, usually near the boat-launch ramp. 
Spectators also park in the same area to watch surfing in the harbor. Surfing at the 
primary surfing sites in the harbor, depending on the size of the waves, includes 
bodyboarding, longboard and short board surfing, stand-up board surfing (using 
paddles), outrigger canoe surfing, kayak surfing, and wave-ski surfing,  

Several secondary surfing sites are located off the beach fronting Hoaloha Beach. 
These sites break over small patch reefs and form both left-breaking and right-
breaking waves for surfers and bodyboarders. 

The primary surfing sites in the harbor from west to east are as follows (see Figure 
5-10): 

JETTIES. This surfing site is located on the edge of the reef between the West 
Breakwater and the channel from the boat-launch ramp to the turning basin. It is 
about 100 feet (30 m) away from the West Breakwater. The waves here are 
powerful and hollow, or very concave, breaking from right to left (when viewed 
from the beach). During large swell events, the waves jump up very quickly when 
they hit the shallow reef shelf, often reforming once or twice before they break. 
This characteristic makes it hard for board surfers to ride, so “Jetties” is almost 
exclusively a bodyboard site during large surf conditions. The fifth and final 
contest of the United States Bodyboarding Association’s National Championship 
Tour for 2007 was scheduled for Jetties. On days when waves are smaller, board 
surfers ride left-breaking waves at Jetties that terminate at the edge of the boat 
channel. 

OLD MANS. This surfing site is located on the edge of the reef on the east side of 
the channel from the boat-launch ramp to the turning basin. The take-off spot is 
just inside a buoy that marks the edge of the turning basin for ships. The waves 
here break both right towards the channel and left. Older longboard surfers ride 
here, giving the site its name, and many women surf here, too. Old Mans, 
considered to be a good site for longboard surfers, gets crowded on days when the 
surf is good. 

HARBOR LIGHTS OR MIDDLE LEFTS (SOMETIMES BUOYS). This surfing site is located 
on the edge of the reef off the Harbor Lights condominium complex on Kahului 
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Beach Road. The take-off spot is just inside a buoy that marks the edge of the 
turning basin for ships. The waves here are long, fast, hollow lefts with two 
distinct bowls along the faces of the waves. During ideal conditions, Harbor 
Lights is regarded as one of the best left-breaking locations on Maui. 
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CHARTHOUSE. This surfing site is located off Hoaloha Beach near Pier 2. It was 
named for the former Charthouse Restaurant that was near the park. When the surf 
is large, the right-breaking waves here are ridden by longboard or bodyboard 
surfers. It is considered a secondary surf site in the harbor. 

LEDGES. This surf site is located outside of the harbor on the west side of the West 
Breakwater. Surfed primarily during the winter months, it is a right that is best on 
overhead-sized waves. A very hollow (concave) and steep wave, it is surfed 
primarily by bodyboarders. The fifth and final contest of the United States 
Bodyboarding Association’s National Championship Tour for 2006 was held at 
Ledges. As the region of influence for the project is within the harbor itself, 
information about this surf site is provided for context only. 

5.14.4.3 Boating 

The DLNR Division of Boating and Ocean Recreation (DOBOR) new recreational 
boat-launch ramp and dock were completed in 2006. Part of the approximately $7.5 
million project included re-aligning and dredging the entrance channel. The 
contractor, Healy Tibbetts Builders, Inc., removed approximately 14,000 cubic yards 
of material, including the large boulders that are in the boat-launch ramp parking area. 
In addition to recreational trailered boats, the boat-launch ramp, which is the only 
ramp on the north shore of Maui, is also used by the Maui Fire Department and the 
Coast Guard to launch boats for training and for ocean rescues. 

Two fishing tournaments which originate from the harbor are put on by the Maui 
Trailer Boat Club (MTBC) each year. The MTBC is a volunteer organization of 
fishers that uses the DLNR boat-launch ramp and helps to maintain the ramp area. 

Recreational boaters fish outside the harbor, notably near several fish aggregation 
devices (FADs) off Ha‘ikū. In general, this side of the island with its exposure to 
strong trade winds is considered a rough area for trolling. It also does not attract many 
scuba divers because of the same rough conditions. 

5.14.4.4 Fishing 

With no estuaries on Maui, schooling fish such as akule (big-eyed scad, Selar 
crumenophthalmus) often come into the harbors. Harbors, therefore, are popular 
places to fish, including Kahului Commercial Harbor. In addition to akule, fishers also 
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catch halalū (juvenile akule), pāpi‘o or juvenile ulua (giant trevalley, Caranx 
ignobilis), mullet (‘ama‘ama, Mugil cephalus), and nehu (anchovy, Encrasicholina 
purpurea) in the harbor. 
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Commercial fishers come into the harbor with the Maui District Manager’s permission 
and use surround nets in the Harbor basin to catch large schools of akule. Halalu come 
in the harbor, usually on the east side around Piers 1 and 2. They are caught only with 
a hook and line. Lay nets in the harbor are illegal and are also illegal for catching 
halalū. In 2007, a halalū school remained in the harbor for almost two months. Pole 
fishers caught them from the sand beach near Pier 2. 

Nehu are netted as bait fish for aku (skipjack tuna, Katsuwonus pelamis) fishing. 
Pāpi‘o are found around the schools, where they feed on the nehu. 

In the past, there have been user conflicts in Kahului Commercial Harbor between 
akule fishers, pole fishers, and other fishers. The DLNR Division of Aquatic 
Resources (DAR) has attempted to address these conflicts since 1998 and produced a 
Summary of Issues Paper: Fishing in Kahului Harbor, dated September 8, 2006. A 
follow-up meeting to discuss recommendations to regulate fishing activities in the 
harbor was held on October 6, 2006. 

Diving for octopus (Octopus cyanea), also commonly known as tako (their Japanese 
name) or he‘e, occurs on the shallow reef in the harbor. Diving for reef fish also 
occurs on the reef. However, the corner of the reef near the intersection of 
Ka‘ahumanu Avenue and Kahului Beach Road is considered to be an area of poor 
water quality. Rubbish and other debris accumulate there and most fishers avoid the 
area. Some night diving occurs on the reef in the Harbor and to a lesser extent across 
the entrance channel along the interlocking tetrapods that form the outer end of the 
West Breakwater. 

Throw-net fishing for various schooling fish occurs occasionally in Kahului 
Commercial Harbor, mainly off Hoaloha Beach and the pocket beaches fronting the 
hotels, such as the Maui Beach Hotel. There is a perception among throw-net fishers, 
however, that fish from this area of the harbor are not safe to eat due to pollution.  

Some fishing for ‘oama (juvenile goatfish, Mulloides flavolineatus) occurs in the 
harbor, primarily by the DLNR boat-launch ramp, where they congregate on a small 
sandbar.  

HALE KIAWE. The County of Maui under the administration of Mayor Alan Arakawa 
gave this club of retirees, also known as the Senior Boaters Club, permission to build a 
clubhouse at the West Breakwater harbor area near the boat-launch ramp and to 
improve the area around it with landscaping. Members moved into their present site 
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on June 30, 2006. Prior to that they had been on state land closer to the boat-launch 
ramp for approximately 25 years. Club members are retirees from the Kahului/ 
Wailuku side of the island and number about 70 members, most of them senior 
citizens over age 60. Hale Kiawe club members fish in the harbor area from the 
boulder revetment adjacent to their clubhouse, mainly for pāpi‘o and ulua.  
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RESTRICTED FISHING AREAS IN THE HARBOR. The DLNR DAR publishes a pamphlet 
called Hawai‘i Fishing Regulations. The latest issue of the pamphlet, dated July 2006, 
identifies three regulated fishing areas in Kahului Commercial Harbor that are subject 
to State laws and rules. These areas are shown in Figure 5-10. 

• Area 1 is located from the shore between Piers 1 and 2 to a line from the base 
of Pier 2 to the southernmost corner of the building on Pier 1. 

• Area 2 is located from the shore between Pier 2 and the extension of Pu‘unēnē 
Avenue to a line from the northwestern corner of Pier 2 to the intersection of 
the shore and the Pu‘unēnē Avenue extension. 

• Area 3 is located at the DLNR boat-launch ramp the West Breakwater harbor 
area. The area is located west of a line that follows the inner edge of the west 
breakwater to the shore at Kahului Beach Road. Fresh water springs are found 
in this corner of the harbor, and mullet congregate there to feed on seaweed. 
Signs are posted on the shore. 

The following activities are permitted in Areas 1, 2, and 3: 

• Netting of crabs with crab nets and netting of shrimp with hand nets. 

• Netting of bait fish such as nehu by commercial marine licensees with a bait 
license. 

• Netting of young mullet (pua) by licensed pond owners or operators for 
stocking their fishponds.  

The following activities are prohibited in Areas 1, 2, and 3: 

• Netting of any type except as described in the permitted activities above. It 
should be noted that Area 1 now falls within the harbor security zone that 
resulted from the security restrictions imposed after 9-11, and that no fishing 
activities of any kind are permitted there.  

In addition to the Hawai‘i Fishing Regulations pamphlet, the administrative rules for 
Hawai‘i’s marine management areas, including Kahului Commercial Harbor, are 
found on the internet at DLNR’s website. 
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5.14.4.5 Gathering 1 
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SEAWEED. Some seaweed, or limu, gathering occurs in the harbor on the shallow reef 
near Kahului Beach Road. At one time there was an abundance of limu manauea 
(Gracilaria coronopifolia) and limu wawae‘iole (Codium edule) on the reef, due to 
fresh water springs in the ocean. Limu manauea and other seaweeds like limu 
wawae‘iole grow better where fresh water merges with the salt water, but these limu 
are scarce in the harbor today.  

SAND. Some salt water aquarium owners gather sand for their aquariums from the 
ocean bottom on the east side of Kahului Commercial Harbor. They believe the sand 
has an abundance of nutrients and that it is good for the marine life in their aquariums. 

MARINE SPECIMENS. The Maui Ocean Center gathers various marine specimens from 
the Harbor for their exhibits. The center has a scientific collection permit, which 
allows them to collect fish, coral, and other marine life. The harbor is a nursery for 
hammerhead sharks (manokihikihi; Sphyrna lewini). Pups are collected using a hook 
and line, primarily from shore at Hoaloha Beach. Pups also congregate near Piers 1 
and 2, but no collecting occurs in those areas, which have been off-limits since 9-11. 

The Maui Ocean Center also catches other species of fish, such as to‘ao, or black tail 
snappers (Lutjanus fulvus), using a net where the reef drops off into the turning basin 
near the red buoys. On the reef itself they collect feather-duster worms and sponges by 
hand. From their perspective, the reef is healthy and the corals and sponges are 
thriving, largely because of the high water flow over the reef from surf, especially 
during the winter. 

During collecting activities, Maui Ocean Center personnel have observed green sea 
turtles (a threatened species), rays, sharks, and occasionally dolphins in the harbor. 

5.14.4.6 Swimming 

Swimming occurs primarily at Hoaloha Beach on the east side of the Harbor. The 
beach, however, is not highly regarded as a swimming area due to the murky and 
sometimes polluted water conditions in the harbor. 

Some swimming by children from the neighborhoods near the harbor also occurs off 
the pier at the DLNR boat-launch ramp at the West Breakwater harbor area. 
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6.1 INTRODUCTION 

This chapter evaluates potential environmental consequences associated with the 
proposed action and alternatives, identifies criteria used to determine whether impacts 
are potentially significant, and discusses possible management and design measures to 
minimize or avoid impacts. Direct impacts are analyzed under each resource section. 
Cumulative and secondary impacts are addressed at the end of the chapter. 

Impact analysis deals with peacetime conditions, under MARSEC Level 1. As noted 
in Section 2.3.3, recreational activities in Kahului Commercial Harbor could be 
restricted if the U.S. Coast Guard (USCG) implements special security measures 
independent of the Master Plan. 

6.2 AIR QUALITY 

6.2.1 Impact Methodology and Significance Criteria 
Each alternative’s impacts on air quality were determined based on anticipated 
changes in emissions of air pollutants specifically associated with construction and 
operation of the proposed harbor improvement activities. Determinations of 
significance took into account whether the activities being evaluated would cause the 
island of Maui or the state of Hawai‘i to exceed National Ambient Air Quality 
Standards (NAAQS) or state Ambient Air Quality Standards (AAQS). 

6.2.2 Proposed Action (Alternative A) 
SIGNIFICANT IMPACTS. None. The project is not expected to have significant impacts 
on air quality.  

Emissions of air pollutants from construction activities would be temporary and would 
result from two main sources: (1) fugitive dust from soil excavation and vehicle 
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movement, and (2) operation of fossil-fuel powered construction equipment and 
generators (if construction activities require generators). The emission rate for fugitive 
dust is difficult to estimate accurately because the potential for its generation varies 
greatly depending on the amount and type of soil disturbance, moisture content, and 
soil type. Fugitive dust would be minimized as required by Hawai‘i Administrative 
Rules (HAR) 11.60.1-33. If required, permits for generators with the potential to affect 
air quality would be obtained pursuant to HAR 11.60.1. Construction equipment 
would be operated in compliance with existing state and federal regulations governing 
emission controls.  
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The State of Hawai‘i does not regulate mobile sources of emissions, and as stated in 
Section 2.3.2, the transportation conformity rule does not apply as the state is in 
attainment of the NAAQS. Increases in ship traffic, cargo movement, and vehicle 
numbers, and the increased emission of air pollutants from burning fossil fuels 
associated with these activities, are expected regardless of whether the proposed 
harbor improvements occur. As identified in Section 5.9, the Maui County population 
is expected to increase from approximately 141,000 in 2006 to approximately 200,000 
in 2030. While this represents an increase in population of about 41 percent, it still 
represents a 2030 Maui County population of about one-quarter the present-day 
population of O‘ahu. Assuming that the amount of cargo traffic increases in proportion 
to population growth, the relative increase in air emissions would still be significantly 
lower than the present-day emissions from ships in Honolulu Harbor. As the island of 
O‘ahu is still in attainment of NAAQS and state AAQS, the increase in vessel traffic 
to Kahului Commercial Harbor is not expected to cause the island or state to exceed 
the standards. Therefore, the proposed action would not significantly impact air 
quality. The proposed action would not cause the island of Maui or the state of 
Hawai‘i to be categorized as “nonattainment” areas for the federal and state air quality 
standards. 

MANAGEMENT MEASURES. Visible emissions of fugitive dust from construction 
activities at the property line are prohibited by state law. Construction management 
constraints for fugitive dust control would be implemented as described in Section 
2.3.2 in compliance with HAR 11-60.1-33, as needed. 

6.2.3 Alternative B 
SIGNIFICANT IMPACTS. None. Alternative B is not expected to have significant 
impacts on air quality.  

Impacts are expected to be similar to those under Alternative A. 

MANAGEMENT MEASURES. Impacts to air quality and management measures for 
fugitive dust control would be similar to those described under Alternative A. 
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SIGNIFICANT IMPACTS. None. Significant impacts to air quality are not anticipated 
from the No Action Alternative. 

Vessel traffic would increase as described under Alternative A, even without the 
improvements proposed in the 2030 Master Plan; however, as described above, 
impacts would not be significant. 

MANAGEMENT MEASURES. The harbor improvements approved under the 2025 
Master Plan EA, as well as routine, programmed maintenance, would occur under the 
No Action Alternative. Temporary impacts from construction activities and manage-
ment measures for fugitive dust control would be similar to those described under 
Alternative A. 

6.3 PHYSICAL OCEANOGRAPHY 

6.3.1 Impact Methodology and Significance Criteria 
Each alternative’s impacts were determined based on the degree to which changes in 
physical oceanography would contribute to shoreline erosion or otherwise alter the 
physical environment in and around the harbor. Factors considered in determining the 
significance of an impact include the degree to which the activities would alter the 
physical environment. 

6.3.2 Alternative A (Proposed Action) 
SIGNIFICANT IMPACTS. Significant changes to the physical oceanography from 
dredging activities are not anticipated, as ocean disposal of dredged material is not 
currently being considered. Changes to physical oceanography from construction of 
breakwater extensions are not expected to be significant but would be dependent on 
the final design, configuration, and size of the structures, which will be identified in 
future engineering documents. 

While potential dredging methods and disposal locations are discussed for 
consideration in this document, specific methods and disposal locations have been 
only tentatively identified in this master-planning level document, as factors such as 
sediment characterization and suitability for re-use have not been determined. Ocean 
disposal of dredged material is not being specifically considered at this time. Were it 
to be considered, it would only be allowed at a designated ocean disposal site. Use of 
dredged material as fill within the harbor would alter the physical characteristics of the 
specific fill area. The harbor in its current configuration was created by multiple 
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dredging and filling events and is physically separate from the surrounding marine 
environment; therefore, additional dredging within the harbor itself would not be 
considered a significant impact to physical oceanography. Changes in long-shore 
currents from installation of breakwater extensions are not expected to be significant, 
as long-shore currents and subsequent beach erosion are typically created by waves 
breaking at an angle to the shore, and the direction of sand movement is typically in 
the same direction as the waves. Since waves approach Kahului Commercial Harbor 
from the north and northeast, impacts would be primarily to the harbor itself. 
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Further consideration of the impacts to physical oceanography from the breakwater 
extensions would be included in preliminary engineering for the proposed 
construction. Design of the breakwaters would take into consideration the minimi-
zation of impacts to physical oceanography in addition to other design considerations. 

MANAGEMENT MEASURES. Management constraints identified in Section 2.3.1, In-
water Construction Management Constraints, identify how the various potential 
dredging methods would be conducted, including management practices to reduce 
siltation outside of the immediate dredge area (such as installation of silt curtains). 
Impacts to physical oceanography are not considered significant and mitigation is not 
required. 

6.3.3 Alternative B 
SIGNIFICANT IMPACTS. As with Alternative A, significant impacts from dredging 
activities during breakwater construction are not anticipated. 

MANAGEMENT MEASURES. As with Alternative A, implementation of management 
constraints would eliminate the need for mitigation. 

6.3.4 No Action Alternative 
SIGNIFICANT IMPACTS. None. 

Impacts to physical oceanography would be minimal and restricted to the already 
disturbed inner side of the East Breakwater. 

MANAGEMENT MEASURES. None. 
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6.4 MARINE BIOTA 1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 

17 

18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 

6.4.1 Impact Methodology and Significance Criteria 
Comprehensive field surveys of the marine habitats inside and directly outside of 
Kahului Commercial Harbor in the vicinity of areas of proposed expansion of harbor 
facilities were carried out in early 2007. Results of the surveys provided ground-truth 
data to produce a benthic habitat map of the area utilizing the multispectral properties 
of available satellite remote sensing imagery. The map provides an accurate large-
scale classification of benthic habitats. The extent of major bottom covers, particularly 
coral reef community resources, are delineated to a degree that can be of value for 
evaluation of both potential impacts and potential mitigation of reef area altered by 
modification of Kahului Commercial Harbor. The report summarizing the results of 
these field surveys is provided in Appendix G. 

Each alternative’s impacts were determined based on the degree to which they would 
adversely affect threatened and endangered marine species or important habitats. 
Factors considered in determining the significance of an impact include the amount of 
species or habitat loss expected from the activities.  

6.4.2 Proposed Action (Alternative A) 
SIGNIFICANT IMPACTS. Loss of approximately 22 percent coverage of coral reef 
habitat in the western part of the harbor, in addition to loss of coral in the already 
disturbed eastern part of the harbor. 

THREATENED AND ENDANGERED SPECIES. No significant impacts to threatened or 
endangered marine species are expected from the proposed action. As identified in 
Chapter 5, the only protected or endangered species encountered during fieldwork was 
the green sea turtle (Chelonia mydas). However, no turtle nesting grounds are known 
to occur inside the harbor. Other protected and endangered species that might occur in 
the area are marine mammals, particularly the humpback whale (Megaptera 
novaeangliae) and Hawai‘ian monk seal (Monachus schauinslandi). These species do 
not typically frequent or feed within the harbor.  

HABITAT. With respect to benthic habitats, Alternative A would include both direct 
effects, which are defined as physical removal of the physical habitat by dredging or 
build-over, and indirect effects which include impacts brought about by physical or 
chemical changes of the water column as a result of construction activities (e.g., 
changes to coral survival or recruitment, smothering, abrasion, or reduced productivity 
caused by excessive dredge-induced sedimentation or subsequent light reduction). 
Direct effects of Alternative A would include loss of existing coral growing on the 
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tetrapods on the inner side of the East Breakwater (approximately 0.4 acres (0.16 ha) 
with 20 to 50 percent coral cover and 0.13 acres (0.05 ha) with greater than 50 percent 
coral cover) and reef habitat that presently occurs on the shallow un-dredged reef on 
the inner west side of the harbor (approximately 15 acres (6.1 ha) with 20 to 50 
percent coral cover and 6.5 acres (2.6 ha) with greater than 50 percent coral cover; 
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Figure 6-1). No listed coral species were identified in the dredging area.  

Construction of extensions of both the East and West Breakwaters would have 
minimal direct effects to hard bottom communities at either location, as the underlying 
habitats are soft sediment. Similarly, expansion activities in the inner eastern harbor in 
the area of Piers 2, 3, and 4 would have minimal direct effects as the entire area is 
characterized by soft bottom. Future construction of breakwater extensions would 
provide additional habitat for coral growth, similar to existing breakwaters, which 
appear to provide ideal habitat for coral settlement. 

However, final dredging limits and depths and breakwater location and configuration 
have not yet been determined. Therefore, specific impacts from the proposed dredging 
and breakwater construction activities, and specific mitigation measures, will be 
evaluated in supplemental documents prepared during the USACE permitting process.  

Indirect effects to marine communities are more difficult to estimate than direct effects 
owing to uncertainties of the magnitude of alteration of the water column from the 
construction activities, as well as the physiological resilience of the existing 
communities. More exact estimates of sedimentation arising from the construction 
activities would likely require modeling of the sediment plumes and deposition rates, 
which would be covered in the USACE permitting process. Periodic high loads of 
resuspended sediment frequently occur due to maneuvering of large ships in the 
harbor. As a result, the existing harbor communities are pre-adapted to sediment stress 
and may not be affected further by similar loads created during construction activities. 
In addition, if sediment plumes exit the harbor through the entrance channel, it is 
likely that such plumes would be sufficiently dispersed by waves and currents before 
they could reach areas with substantial reef structure. 

The most extensive loss to reef communities under Alternative A would be to the 
communities on the shallow reef flat in the western sector of the harbor as a result of 
dredging to expand the size of the navigable basin. As much as 21 acres (8.5 hectares) 
of existing corals could be affected under Alternative A. Reef communities within the 
harbor likely experience regular episodes of high sediment from ship activities, and as 
a result, benthic communities are largely pre-adapted to temporary sedimentation due 
to dredging.  
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Reefs outside the harbor are unlikely to be affected by the proposed expansion, as they 
are not within the construction footprints, and sediments exiting the harbor would be 
dispersed by prevailing oceanographic condition to levels not exceeding the natural 
envelope of variability.  
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Consultation is required with the National Marine Fisheries Service (NMFS) under the 
Magnuson-Stevens Fishery Act regarding impacts to Essential Fish Habitat, and with 
the U.S. Fish and Wildlife Service (USFWS) regarding impacts to endangered species 
under Section 7 of the Endangered Species Act. Preliminary consultation has been 
initiated as part of this draft EIS.  

Development of the West Breakwater area may limit the County’s reliance on that area 
to dry seaweed it gathers on occasion from the harbor.  

MITIGATION MEASURES. The U.S. Maritime Administration, Department of 
Transportation (MARAD) is in the process of consultation with NMFS and USFWS. 
As no federally managed species have to date been identified in the project area, no 
significant impacts to threatened or endangered species are anticipated and no 
mitigation to those species is identified. Management measures to protect threatened 
and endangered marine species, such as excluding marine species from the 
construction areas through installation of silt curtains and halting construction 
activities if endangered or threatened species are spotted, would minimize the 
potential for impacts to these species.  

Regarding impacts to habitat through loss of coral reef coverage in the western part of 
the harbor, management measures described in Section 2.3 will be implemented, 
including installation of silt curtains to minimize impacts of turbidity on marine biota 
and timing construction for periods in which coral is not reproducing (April through 
August). In addition, the State of Hawai‘i Department of Transportation Harbors 
Division (DOT Harbors) will evaluate the feasibility of transplanting corals that may 
be eliminated by proposed improvements. It should be noted that, while dredging to 
the preliminary dredging limits identified in the marine studies conducted for this draft 
EIS would involve a loss of approximately 22 percent coral coverage within the 
harbor, the extent and specific location of the loss of coral reef habitat cannot be 
definitively identified until specific dredging limits and depths, as well as breakwater 
location and configuration, are determined through detailed engineering design. 

With regard to the drying of seaweed, consultation among the County of Maui, the 
Department of Land and Natural Resources, and the Department of Transportation 
will be needed to identify a drying site, whether on the West Breakwater or elsewhere.  
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SIGNIFICANT IMPACTS. Loss of approximately 22 percent coverage of coral reef 
habitat in the shallow western part of the harbor.  

Direct effects of Alternative B would include loss of most of the existing coral 
growing on the tetrapods on the inner side of the East Breakwater (approximately 0.4 
acres (0.16 ha) with 20 to 50 percent coral cover and 0.13 acres (0.05 ha) with greater 
than 50 percent coral cover) and, as with Alternative A, most of the shallow reef 
habitat that presently occurs on the shallow un-dredged reef on the inner west side of 
the harbor (Figure 6-1). 

MITIGATION MEASURES. As described in Alternative A, the extent of the loss of coral 
reef habitat cannot be determined until specific dredging limits and depths, as well as 
breakwater location and configuration, are determined. Management measures 
described in Section 2.3 will be implemented to minimize impacts. 

6.4.4 No Action Alternative 
SIGNIFICANT IMPACTS. None. 

The No Action Alternative would have the direct effect of loss of existing corals on 
the tetrapods on the inner side of the East Breakwater. These impacts have been 
evaluated as part of improvements to Pier 1 planned under the 2025 Master Plan.  

MITIGATION MEASURES. No mitigation measures are proposed as there would be no 
significant impacts. 

6.5 TERRESTRIAL FLORA AND FAUNA 

6.5.1 Impact Methodology and Significance Criteria 
Each alternative’s impacts on terrestrial flora and fauna were determined based on 
whether federally- or state-listed threatened or endangered species or species of 
concern or their habitat would be affected by construction and operation of the 
proposed harbor improvement activities. While critical habitat has been designated 
within one mile of the project site, there is no critical habitat designated in the region 
of influence for terrestrial flora and fauna. 
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SIGNIFICANT IMPACTS. None. The project is not expected to have significant impacts 
on terrestrial flora and fauna.  

The eastern part of the harbor is developed, with the majority of the land area paved. 
Terrestrial flora at the West Breakwater Harbor Development is predominantly a mix 
of introduced and native plant species, such as beach naupaka, Bermuda grass, and 
tree heliotrope. Little faunal resources have been identified in the project area. The 
USFWS has identified threatened and endangered species and habitat within the 
vicinity of the project; however, no threatened or endangered species or species of 
concern or their habitat have been identified at the site itself.  As required by Section 7 
of the Endangered Species Act, MARAD has begun coordinating with the USFWS 
and NMFS on the project, and will work with the appropriate federal and state 
agencies to minimize impacts to threatened and endangered species.  

Artificial lights could present a danger to listed seabirds, which have been observed 
throughout Maui. The risk of groundings can be managed through shielding of light 
sources.  

As described in Section 6.4 above, specific dredging quantities, disposal methods, and 
disposal locations have not been identified in this master-planning level document. In 
the event that upland disposal of dredged material or placement at the West 
Breakwater Harbor area are chosen as the preferred disposal method, locations would 
be selected to avoid impacts to threatened or endangered terrestrial flora or fauna. 
Dredged material could be received at a landfill for use as cover, pending 
characterization to determine that the material is not hazardous. Dewatering locations 
for dredged material will be chosen to avoid impacts to terrestrial flora and fauna. 
Dewatering and disposal of dredged material will not occur in areas with threatened or 
endangered terrestrial flora or fauna.  

MANAGEMENT MEASURES. Management measures are not proposed at this time as no 
significant impacts are anticipated. If upland disposal of dredged material is 
determined to be the preferred disposal option, impacts to terrestrial flora and fauna at 
specific disposal locations would be evaluated. The Department of Transportation will 
consult with the USFWS regarding measures to minimize harm to listed seabirds as 
the project moves towards design, and will adopt such measures as needed.  

6.5.3 Alternative B 
SIGNIFICANT IMPACTS. None. Significant impacts to terrestrial flora and fauna are not 
anticipated from the activities described in Alternative B. 

 6-10  



KAHULUI COMMERCIAL HARBOR 203 MASTER PLAN   CHAPTER 6 
DRAFT ENVIRONMENTAL IMPACT STATEMENT  ENVIRONMENTAL CONSEQUENCES 

Impacts to terrestrial flora and fauna would be similar to those described under the 
proposed action. 
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MANAGEMENT MEASURES. Management measures are not proposed at this time. As 
in Alternative A, if upland disposal of dredged material is determined to be the 
preferred disposal option, dewatering and disposal of dredged material would not 
occur in areas with threatened or endangered terrestrial flora or fauna. As in 
Alternative A, t he Department of Transportation will consult with USFWS regarding 
measures to minimize harm to listed seabirds as the project moves towards design.  

6.5.4 No Action Alternative 
SIGNIFICANT IMPACTS. None. Significant impacts to terrestrial flora and fauna are not 
anticipated from the No Action Alternative. 

The sites of previously approved projects are predominantly developed and on filled 
land. These areas do not contain threatened or endangered species or habitat. This 
includes construction activities on  the former Alexander and Baldwin Properties 
(A&B Properties) parcels. 

MANAGEMENT MEASURES. None. 

6.6 SENSITIVE ENVIRONMENTS 

6.6.1 Impact Methodology and Significance Criteria 
Each alternative’s impacts on sensitive environments were determined based on the 
compatibility of the proposed activities with the sensitive environment. Impacts are 
considered to be significant if the proposed activities would adversely alter the 
sensitive environment or if the presence of the sensitive environment in the project 
area would cause damage to natural or socio-economic resources.  

6.6.2 Proposed Action (Alternative A) 
SIGNIFICANT IMPACTS. Impacts to sensitive environments from dredging and 
breakwater construction activities may be significant; however, the significance of 
these impacts cannot be determined at the master plan-level of analysis. Pier 
extensions in the already-developed east side of the harbor are not anticipated to have 
significant impacts on sensitive environments.
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FLOOD PLAINS. The proposed action includes extending the turning basin closer to the 
shoreline. Dredging limits and depths will be determined after detailed analyses have 
been completed by the USACE. As described in 
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Section 5.15.3.2, the primary 
locations where waves break in the harbor are currently defined by the edge of the 
turning basin. Moving the edge of the turning basin closer to the shore could 
potentially bring large winter waves closer to the roadway, increasing the number 
of occasions when roadway flooding from large surf could occur. This potential 
impact will be evaluated in the detailed engineering studies. Construction of new 
structures at the harbor will comply with development standards for construction in 
the flood plain. 

TSUNAMI ZONES. While the exact location, orientation, length and impacts of the East 
Breakwater extension will be evaluated further in detailed analyses to be conducted as 
part of the USACE design and permitting process, construction of the East Breakwater 
extension would temper the impact of tsunami waves in the harbor by further 
constricting the entrance to the harbor and providing a physical barrier in an additional 
direction. The contribution of harbor dredging on the impacts from tsunami waves to 
the surrounding environment would likely be reduced by the addition of the 
breakwater. Further modeling of wave climates would be conducted as part of the 
breakwater design. 

BEACHES. The proposed area of fill on the west side of Pier 2 area would eliminate 
approximately 400 feet (130 m) of shoreline on the east side of Hoaloha Beach. In 
addition, dredging projects may impact the shoreline. Breakwater construction is 
intended to reduce surge in the harbor, which would serve to minimize the impacts of 
waves breaking on the beach. 

EROSION-PRONE AREAS. Construction of the East Breakwater extension could alter the 
long-shore sand transport and contribute to beach erosion outside of the harbor. 
Changes in long-shore currents from installation of breakwater extensions are not 
expected to be significant, as long-shore currents and subsequent beach erosion are 
typically created by waves breaking at an angle to the shore, and the direction of sand 
movement is typically in the same direction as the waves. Since waves approach 
Kahului Commercial Harbor from the north and northeast, impacts would be primarily 
to the harbor itself. The breakwater design will take into consideration the potential 
effects on currents and sand transport, among other factors. As the breakwaters protect 
the inside of the harbor from strong wave action, breakwater extensions could serve to 
reduce the erosion rate inside the harbor to less than the current Annual Erosion 
Hazard Rate of −0.5 as discussed in Section 5.6. 

GEOLOGICALLY HAZARDOUS LAND. Proposed improvements will be constructed in 
accordance with the International Building Code, which provides guidance on 
construction in seismic zones. 
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MITIGATION MEASURES. As detailed design documents are prepared for the specific 
construction projects, measures to minimize impacts to the sensitive environments will 
be evaluated and implemented where feasible to reduce the impacts of the projects on 
these resources. Construction activities will use the management measures described 
in 
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Section 2.3 to minimize impacts. 

6.6.3 Alternative B 
SIGNIFICANT IMPACTS. Significant impacts to sensitive environments are not 
anticipated from the activities described in Alternative B. 

Impacts to sensitive environments from Alternative B would be similar to those from 
the proposed action, with the exception that there would be no loss of beach on the 
west side of Pier 2, as no filling activities would occur. Specific impacts from 
dredging and breakwater construction and appropriate mitigation, if required, will be 
identified as part of the USACE permitting process in the future. 

MITIGATION MEASURES. As with Alternative A, final design of the dredging and 
breakwater construction projects will take into account the minimization of impacts on 
sensitive environments. If significant impacts are identified at that point, appropriate 
mitigation will be developed. 

6.6.4 No Action Alternative 
SIGNIFICANT IMPACTS. No significant impacts to sensitive environments would occur 
under the No Action Alternative, as no construction activities would take place in or 
around sensitive environments. 

MITIGATION MEASURES. None. 

6.7 GEOLOGY, TOPOGRAPHY, AND SOILS 

6.7.1 Impact Methodology and Significance Criteria 
Each alternative’s impacts on geology, topography, and soils were determined based 
on the effects of the project on the physiography, such as changes to slopes or an 
increase in erosion rates. Factors considered in determining the significance of an 
alternative’s impact on geologic, topographic, or soil conditions include the extent to 
which the construction and operation of the alternative would alter the geology of the 
site, alter the existing terrain, or result in substantial erosion.  
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6.7.2 Alternative A (Proposed Action) 1 
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SIGNIFICANT IMPACTS. No significant impacts to geology, topography, or soils are 
expected from construction and operation of the proposed action. Impacts to erosion-
prone areas such as the shoreline are discussed in Section 6.6.2. 

Substantial excavation of land areas are not planned as part of this alternative. 
Dredging activities to widen the existing harbor basin approximately 800 feet (260 m) 
would change the underlying harbor substrate. The design depth of the proposed 
dredge areas (as shown in Chapter 4) would likely equal the existing depth of minus 
35 feet (−11 m) in the harbor basin. Final dredging limits and depths, as well as 
breakwater location and configuration, will be determined through further engineering 
studies to be conducted as part of the USACE permitting process. Impacts of dredging 
on the underlying geology of the harbor are not expected to be significant, as the 
harbor basin has been widened and deepened at various times since its early 
construction, and it is assumed that the geology of proposed dredge areas is similar to 
that of previously dredged areas. No major changes to topography or soils are 
expected from this alternative. 

MITIGATION MEASURES. No mitigation measures are proposed as no significant 
impacts are anticipated. In the event that future engineering and environmental studies 
identify significant impacts to geology, topography, or soils, mitigation measures 
would be proposed at that time. 

6.7.3 Alternative B 
SIGNIFICANT IMPACTS. No significant impacts to geology, topography, or soils are 
expected from construction and operation of Alternative B. 

Impacts to geology from dredging activities would be similar to those in the proposed 
action; however, the area of fill under Alternative B would be less than that of the 
proposed action.  

MITIGATION MEASURES. No mitigation measures are proposed as no significant 
impacts are anticipated.  

6.7.4 No Action Alternative 
SIGNIFICANT IMPACTS: No significant impacts to geology, topography, or soils would 
occur under the No Action Alternative.  

Impacts associated with construction projects approved under the 2025 Master Plan 
would include small areas of land disturbance in highly urbanized and altered sites. 
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Construction Best Management Practices (BMPs) identified in Section 2.3.2 would 
minimize soil impacts from construction activities.  
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MITIGATION MEASURES. None. 

6.8 GROUNDWATER AND SURFACE WATER 
RESOURCES 

6.8.1 Impact Methodology and Significance Criteria 
Each alternative’s impacts to groundwater and surface water resources were evaluated 
by identifying potential pollutants that may be generated from proposed activities and 
evaluating existing regulatory requirements. Factors considered in determining an 
impact’s significance included the degree to which the activity would potentially 
degrade groundwater or surface water quality or conflict with regulatory requirements.  

6.8.2 Alternative A (Proposed Action) 
SIGNIFICANT IMPACTS. No significant impacts to groundwater resources are expected 
from the proposed action. The project is below the Underground Injection Control 
(UIC) line; therefore, the underlying aquifer is not used for drinking water. Impacts to 
marine waters include temporary increases in turbidity and suspended sediments 
associated with dredging and filling activities. Construction of the East Breakwater 
extension may alter long-shore currents and affect Kanahā Pond Wildlife Sanctuary, a 
surface water body approximately one-half mile east of the harbor. However, as the 
exact orientation and location of the proposed breakwater extension has not been 
identified, specific impacts have not been determined. Minimization of impacts to 
both marine and terrestrial resources will be considered when developing breakwater 
design, orientation, and size. 

Upland placement of dredged material for dewatering may be required; no significant 
impacts to groundwater or surface water are expected. BMPs to minimize impacts 
from dewatering are provided in Section 2.3. 

Without management measures, construction activities have the potential to contribute 
pollutants such as petroleum and suspended sediments to surface waters. BMPs such 
as those identified in Sections 2.3.1 and 2.3.2 will be implemented to minimize 
impacts to surface waters.  

MANAGEMENT MEASURES. Water quality monitoring will be conducted during 
dredging and filling activities as part of the Clean Water Act Section 401 Water 
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Quality Certification requirements. BMPs identified in Section 2.3, such as installation 
of silt curtains to prevent turbidity, will be implemented.  
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6.8.3 Alternative B 
Impacts to groundwater and surface water resources from Alternative B would be 
similar to those under the proposed action. Areas of fill would be less than under the 
proposed action.  

6.8.4 No Action Alternative 
No significant impacts to groundwater or surface water resources would occur under 
the No Action Alternative. Without management measures, construction activities 
approved as part of the 2025 Master Plan could contribute pollutants such as 
petroleum and suspended sediments to surface waters. BMPs such as those identified 
in Sections 2.3.1 and 2.3.2 will be implemented to minimize impacts to surface 
waters. 

6.9 SOCIO-ECONOMIC CONDITIONS 

6.9.1 Impact Methodology and Significance Criteria 
Impacts from construction and operation of each alternative on the population, 
economy, communities, and development plans are evaluated.  

SOCIAL ANALYSIS METHODOLOGY. Social impacts of the master plan improvements 
fall under four broad headings:  

• Impacts on the island, county, and state of more or less operational congestion 
at Kahului Commercial Harbor;  

• Local impacts of more or less operational congestion at Kahului Commercial 
Harbor;  

• Local impacts of an expanded commercial harbor footprint; and 

• Impacts of alternatives on operations and persons within the commercial 
harbor area. 

ECONOMIC ANALYSIS METHODOLOGY. A major tool for economic impact assessment, 
input-output modeling of the county and state economies, sheds light on cumulative 
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impacts of a project on the local economy. Input-output models track the relationships 
among local industries, allowing estimation of three sorts of impact: 
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• Direct impacts: Spending on a project creates jobs. For construction projects, 
direct jobs include both work at the project site and work offsite (in offices 
and base yards). 

• Indirect impacts: Construction of a project affects the rest of the local 
economy when materials are purchased from other local firms. 

• Induced impacts: Workers whose jobs are created through direct and indirect 
spending on a project in turn spend much of their wages in the local economy, 
supporting a wide range of other jobs (notably retail, service, and government 
jobs). 

For construction, input-output analysis serves to distinguish immediate from cumu-
lative impacts. For operations at the harbor, an order-of-magnitude account of the 
economic impacts associated with the alternatives can be provided, assuming that they 
differ in the efficiency of cargo handling, not in the total volume of cargo that could be 
handled at Kahului Commercial Harbor. Input-output analysis is not feasible above all 
because inefficiencies affect both harbor operations and on-island transportation and 
trade dependent on the harbor. The impact outside the harbor is not a matter of inter-
industry transactions but of multi-industry reliance on harbor throughput. Factors 
affecting efficiency and productivity include: 

• availability of pier space,  

• availability of land for commercial harbor activities, and 

• location of cargo operation and storage areas in close proximity. 

ISSUES OF CONCERN NOT AFFECTED BY THE MASTER PLAN. Some issues of serious 
concern to Maui stakeholders are not appreciably affected by the 2030 Master Plan 
improvements: 

• Hawaii Superferry (HSF) is now accommodated within the harbor and could 
be accommodated under all alternatives. (Whether the inter-island ferry docks 
at Pier 2 or the West Breakwater harbor area could affect local road and ocean 
users, as discussed below.) Anticipated effects of HSF operations such as 
possible problems of alien species introduction or increased use of Neighbor 
Island recreational resources by visitors from O‘ahu may or may not occur—
but they would not be impacts of the 2030 Master Plan. These impacts will be 
addressed in a separate Environmental Impact Statement (EIS) as directed by 
Act 2, 2007 Special Session of the Hawai‘i State Legislature. 
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• Young Brothers, Ltd. has announced plans to discontinue less-than-container-
load (LCL) service at Kahului Commercial Harbor as of 2010. With increased 
land area available for cargo, a new container freight station (CFS) could be 
located on land in or near the current commercial harbor area. Alternatively, it 
could be located off-site. In either case, containers would be moved from the 
piers to the CFS, where they would be emptied and cargos delivered to 
owners. Under all three alternatives, development of a new CFS is likely, and 
its location is unknown. (Under the No Action alternative, no DOT funds 
would be spent on a CFS.) 
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SIGNIFICANCE CRITERIA. Socio-economic impacts are considered for the 
immediate area in and around Kahului Commercial Harbor, and for the island, 
county and state communities. Impacts are significant if they involve substantial 
change or disruption in economic life, community cohesion, and the quality of life 
for members of the communities under study.  

6.9.2 Alternative A (Proposed Action) 

6.9.2.1 Social Impacts 

SIGNFICANT IMPACTS.  No significant adverse impacts are expected.   

IMPACTS ON ISLAND, COUNTY, AND STATE COMMUNITIES. The harbor improve-
ments proposed in the 2030 Master Plan are intended to ease congestion in the harbor 
and to anticipate increasing demand for harbor facilities. Orderly economic growth is 
expected as a consequence of successful implementation of the plan. That growth in 
turn would support prosperous communities throughout Maui and Hawai‘i. 

LOCAL SOCIAL IMPACTS OF HARBOR CONGESTION. With or without the proposed 
action, the volume of cargo and number of passengers moving through Kahului 
Commercial Harbor will increase over time. Currently, some passengers and crew 
from cruise ships walk along Hobron Avenue from Pier 1 to Maui Mall and back. This 
street lacks sidewalks and is unevenly paved. As traffic increases, it will become even 
more dangerous for pedestrians than it is already. This situation can be much improved 
by increased use of buses, whether public transportation or ones sent by the malls to 
transport cruise passengers. 

Under Alternative A, regular passenger traffic is located on the West Breakwater 
Harbor Development area. Due to the distance between the West Breakwater Harbor 
Development area and the Kahului malls, foot traffic will be rare. However, Pier 1 
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space could be allocated occasionally for cruise ships, so passengers and crew could 
from time to time walk from Pier 1 to Maui Mall.
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1

To mitigate risk of accidents to pedestrians, DOT Harbors may post signs near the exit 
from Pier 1, warning visitors that nearby road conditions are hazardous and inform 
them that bus service is available. It would also be important to alert bus service 
providers at the malls before passenger ships are expected at Pier 1. 

LOCAL SOCIAL IMPACTS OF A LARGER COMMERCIAL HARBOR FOOTPRINT. Under 
Alternative A, part of the West Breakwater harbor area not currently in use would be 
developed. The proposed action also calls for dredging to allow deep-draft vessels to 
reach the West Breakwater Harbor Development area. Activity there would result in 
more traffic along Kahului Beach Road. The traffic analysis for this plan shows 
minimal harbor traffic moving on Kahului Beach Road towards Waiehu, and little 
impact on eastbound traffic as measured at the intersection of the Kahului Beach Road 
with Wahine Pi‘o Avenue.  

Local stakeholders potentially affected by harbor expansion to the West Breakwater 
harbor area include:  

• RECREATIONAL USERS OF THE DEPARTMENT OF LAND AND NATURAL 
RESOURCES (DLNR) LAND ON THE BREAKWATER AREA. As described in Section 
6.15, boaters, fishermen, and surfers use the West Breakwater. Development 
of commercial harbor piers and operating areas would make most of the 
breakwater inaccessible to shore fishermen. Surfers would still be able to enter 
the water from the area surrounding the boat ramp, but surf activities would be 
greatly affected by changes in bottom contours. Availability of parking may be 
limited by DOT Harbors development of the West Breakwater area. (See 
Section 6.15 for further discussion of impacts on recreational users.) 

• THE MAUI CULTURE AND ARTS CENTER. The Center is located off Wahine Pi‘o 
Street. The facility overlooks the harbor. Currently, no activities occur on the 
harbor side of the Center. The Center has recently gained responsibility over 
the grounds in that area and is considering landscape improvements and 
possible use of outdoor areas for Hawai’ian cultural performances, some of 
which may be planned to attract cruise visitors.2 Visitors include 
schoolchildren during the day and other residents for evening performances 
and film showings. After a large evening concert or similar event, Wahine Pi‘o 
Street is filled along its entire length, and movement onto Ka‘ahumanu 

 
1  Currently, only one cruise ship based outside Hawai‘i visits Kahului. If more ships request space at Pier 1, the District 

Manager would likely allow them to berth there, so long as other users’ needs are met. Because Pier 1 has the only 
deep-draft fuel berth at Kahului, fuel shipments would likely have priority. 

2  Personal communication. Karen Fischer, Executive Director. May 2007. 
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Avenue is slow. Traffic generated by patrons can consist of more than 1,000 
vehicles. Should a concert end at the time an evening ferry arrives, the ferry 
traffic—100 or more cars—would add to congestion along Kahului Beach 
Road. Performers at the Center typically ship displays and backdrops by LCL 
service. Increased congestion and/or replacement of LCL service by a second-
party CFS would add to the Center’s costs, since the Center would need to pay 
not only for the new service but for the artists’ time spent waiting for their 
equipment to arrive.  
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• USERS OF FIELDS IN THE KEOPUOLANI REGIONAL PARK AND WAR MEMORIAL 
COMPLEX. Wahine Pi‘o Street and Kaneloa Avenue link the fields to Kahului 
Beach Road and to Ka’ahumanu Avenue. Increased traffic on Kahului Beach 
Road could slow traffic from sports events. The fields nearest the harbor are 
for soccer and softball, lack lighting, and seem unlikely to attract large 
crowds. The stadium can seat more than 15,600 spectators, so traffic due to 
major sports events would likely affect all the nearby roads. The incremental 
traffic associated with passenger service at the West Breakwater Harbor 
Development area is not enough to affect Level of Service (LOS) measures at 
Kahului Beach Road intersections, and is very small in comparison to the 
traffic generated occasionally by major public events. 

• MAUI COMMUNITY COLLEGE (MCC). MCC is located along Ka‘ahumanu 
Avenue and Wahine Pi‘o Street. According to Director of Administrative 
Services David Tamanaha, harbor activities are not expected to have any 
impact on college operations.3  

• HARBOR LIGHTS CONDOMINIUM. This four-building, 351-unit complex is 
located on Kahului Beach Road, so changes in the traffic volume on that street 
would affect residents. Maui County tax appraisers identify none of the units 
as having “ocean” views. Realtors advertising units on upper floors of 
Building A often include pictures of cruise ships in the harbor in their property 
listings; listings in all buildings may be described as “across street from 
ocean.” Changes in harbor activity would change views from the property. 
Given realtors’ use of cruise ship pictures to sell units in Harbor Lights, it 
seems unlikely that commercial harbor activity closer to the complex than at 
present would have an adverse visual impact. Under Alternative A, evening 
traffic and noise could increase once the inter-island ferry adds evening visits 
to the West Breakwater Harbor Development (expected as of 2009). 

• SHOPPING CENTERS ON KA‘AHUMANU AVENUE. Currently, cruise passengers 
reach the shopping centers either on foot or on courtesy buses operated by the 

 
3  Personal communication. May 2007. 
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centers. Under Alternative A, cruise ships would dock at the West Breakwater 
harbor area and would be farther from Ka
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‘ahumanu Avenue. Passengers 
would nearly all reach the malls by vehicle, and Queen Ka‘ahumanu Center—
the largest mall and the one closest to the new cruise ship site—would 
presumably capture the large majority of these customers. 

Dedication of the recently acquired parcels for maritime uses would lead to 
displacement of current tenants of the Old Kahului Store and Kahului Railroad 
Building. They would need to find new space in the Wailuku-Kahului area.  Both 
retail and office space can be leased in the area.  

Finally, stakeholders have raised questions about the interface between commercial 
harbor activity and others in Kahului, both in the harbor and along the inland edge of 
property used for commercial harbor activity. At the Maui Harbor Users Group 
(MHUG) meetings, stakeholders largely agreed on the value of continuing dual 
commercial and recreational use of harbor waters—and the alternatives considered 
here provide for dual use. Some spoke against the possibility that commercial harbor 
operations would wall off access to and views of the ocean. 

Under Alternative A, DOT Harbors would plan on landscaping the inland edge of 
commercial harbor lands to soften views of the area. As more land becomes available 
for commercial harbor operations, there would be less need to stack containers close 
to the roadway, and space can be devoted to landscaping. The Old Railway Building, 
located on the former A&B Properties parcels, would be retained, keeping the most 
important local commercial structure along the roadway. 

MITIGATION MEASURES. None. As noted above, signage, landscaping, and the use of 
courtesy buses or other vehicles will respond to current or anticipated problems. Since 
none of these problems rise to the level of significant impacts, they are not mitigation 
measures.  

6.9.2.2 Local Impacts and Environmental Justice 

Executive Order (EO) No. 12898 of 1994 instructed federal agencies to consider 
“environmental justice” in decision-making. The key issue is whether federal actions 
place a disproportionate burden on minority and/or low-income communities. The 
proposed action does not involve questions of environmental justice, inasmuch as 
(a) the proposed action is not a choice of a new site but an expansion of an existing 
commercial harbor within the area long defined as a harbor through federal and state 
action; (b) local impacts of the proposed action are small; and (c) nearby communities, 
while having large minority populations (by federal definitions), are not exceptional 
when compared with other Maui communities. 
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Alternative A was chosen for consideration because expansion of Kahului 
Commercial Harbor operations would be more efficient, less costly, and less likely to 
involve significant environmental impacts than development of a new harbor. 
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6.9.2.3 Economic Impacts 

SIGNFICANT IMPACTS. No significant adverse impacts are expected.   

For ease of presentation, a comparison of economic impacts for each alternative is 
provided in the data presented in this section. The subsequent sections (Alternative B 
and No Action Alternative) will focus on impacts that differ from the proposed action. 

CONSTRUCTION IMPACTS. Construction is expected to occur over many years. The 
amount of work and the number of workers involved would vary from project to 
project. Total construction costs were estimated as part of the 2030 Master Plan. Table 
6-1 uses the costs discussed in Chapter 3, separating land acquisition costs from 
construction costs. Construction jobs can be estimated from construction costs, based 
on historical ratios, as shown in Table 6-1, per the Department of Labor and Industrial 
Relations (DLIR) and Department of Business, Economic Development and Tourism 
(DBEDT). 

Direct plus indirect jobs are estimated using the Type I multipliers in Table 6-1; the 
Type II multipliers are used to estimate direct and indirect plus induced jobs. Direct, 
indirect and induced impacts, taken together, account for the cumulative economic 
impact of a project.  

Over the entire period of the master plan, a total of 1,765 person-years of direct jobs 
would be created, under Alternative A, the preferred alternative. Averaging this total 
over 22 years in which the 2030 Master Plan improvements could be made, the 
average annual direct job count is about 80 jobs. 

Table 6-1.  Construction Jobs and Wages 

Alternatives  

A B No Action 

 

Construction Costs $353.1 $328.6 $0.0 million 2007 $s 
Direct Jobs     
 Total direct jobs 1,765 1,643 — person-years 
 Annual Average 80 75 — person-years 
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Table 6-1.  Construction Jobs and Wages (continued) 1 

Alternatives  

A B No Action 

 

Direct Wages     
 Total direct jobs $133.5 $124.2 $0.0 million 2007 $s 
 Annual Average $6.1 $5.6 $0.0 million 2007 $s 
Direct, Indirect, and Induced Jobs     
 Jobs: Statewide 3,742 3,483 — person-years 
 Jobs: Maui County 3,036 2,826 — person-years 
 Wages: Statewide $209.2 $194.7 $0.0 million 2007 $s 
 Wages: Maui County $180.8 $168.2 $0.0 million 2007 $s 

Notes: Construction jobs estimated from construction cost, using ratio of 5.0 jobs/million 
dollars, based on Hawai‘i heavy construction jobs and spending in 2005. Average construction 
wage estimated from 2005 Employment and Payrolls, adjusted to 2007 dollars in line with 
Consumer Price Index (CPI). Annual average jobs and wages calculated for a 22-year 
construction period. The job count would likely fluctuate greatly, since major projects would 
occur in some, but not all, years. Indirect and induced jobs are estimated using the State’s Inter-
County Input-Output model. It presents both statewide (inter-county) indirect and induced 
impacts of job creation in a given county and county-specific ones. For construction, the key 
multipliers are: 
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 Statewide County Only 
 Type I Type II Type I Type II 

Construction, Maui 1.52 2.12 1.32 1.72 
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For every new direct job in construction on Maui, 0.52 indirect jobs are created in Hawai‘i, of 
which 0.32 are in Maui County. Again, a total of 1.12 new indirect and induced jobs are created 
statewide along with every 1 new direct job, of which 0.72 are located in Maui County. Wages 
for indirect and induced jobs are estimated from 2005 average incomes, adjusted to 2007 dollars 
in line with increases in CPI. 
 
Sources: DLIR 2006; DBEDT 2005, 2007. 
 
 

Taking into account direct, indirect, and induced jobs, the total statewide impact 
associated with Alternative A construction is 3,742 person-years of employment, of 
which 3,036 are expected to be in Maui County. The cumulative wage impact would 
be about $209 million (2007 dollars) statewide, including $181 million in Maui 
County. 

OPERATIONAL IMPACTS. Direct operational jobs in the commercial harbors include 
stevedores, transportation workers, supervisors, and harbors staff. Some components 
of Hawai‘i’s port economy are concentrated in Honolulu: shipping agencies and 

 6-23  



CHAPTER 6  KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN 
ENVIRONMENTAL CONSEQUENCES  DRAFT ENVIRONMENTAL IMPACT STATEMENT 

commercial fishing boats, for example, are found there and not in Kahului 
Commercial Harbor.  
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Economic impacts of a proposed development typically occur because the project 
brings capital into the local economy. Construction of harbor improvements would 
have economic impacts in this way. Commercial harbor operations, however, are not 
expected to attract capital to Kahului or to Hawai‘i. They respond to demand caused 
by population and economic growth. The issue of the economic impact of operations 
is instead whether operations would be constricted or limited under one alternative or 
another, i.e., whether limited infrastructure would limit the ability of Maui’s economy 
to grow or would increase operations costs.  

The key question is whether the efficiency (or inefficiency) of operations under 
different alternatives would have an impact on jobs and wages both in the commercial 
harbor and in the regional economy.  This idea is plausible but hard to test. A study of 
Hawai‘i’s port economy used input-output modeling to ask what economic 
implications would follow from constraints on growth in the state port economy (SMS 
1997). This was a “what-if” exercise, without evidence to show what conditions 
would lead to limited growth of the port economy over a period of 24 years (1996 
through 2020). The constraint studied was that the port economy would grow by 1 
percent annually, not the 2 percent forecast for that period – a 50 percent decrease in 
the rate of growth. The impact was appreciably greater within the port economy than 
for the state economy as a whole. Port jobs would grow by about 47 percent under the 
constrained scenario. Growth in the Gross State Product was estimated as only 94 
percent of the unconstrained scenario, i.e., a 50 percent constraint on port economic 
inputs resulted in a 53 percent decrease in direct job growth, but only a 6 percent 
decrease on overall economic growth.  

Average annual job counts in many industries are available for Maui Island and 
County on an annual basis. These can be used to adapt the constraint analysis to Maui. 
For transportation, sector totals and air transportation subtotals are available; separate 
subtotals for ocean transportation, freight transportation, and other transportation are 
not.4

Figure 6-2 shows Maui Island relationships among cargo activity, transportation, and 
the island economy over time. As the economy has grown, so has container tonnage. 
Transportation jobs do not show the same pattern of growth. Over much of the period, 
the number of transportation jobs associated with the cargo moved into and out of 
Maui tended to decline, as shown in the next graphic (Figure 6-3). From 2002 onward, 
this trend—towards more efficiency in handling and hauling freight—has disappeared. 

 
4  Statewide, 27,922 persons were employed in the Transportation and Utilities sector in 2005 (DLIR, 2006), of which 

10,161 were in air transportation – so 17,761 were in “Transportation (minus Air),” i.e., a sub-sector total roughly 
comparable to that shown in Figure 6-2.  Some 3,425 persons were in water transportation and 1,190 in water 
transportation support services, or 26 percent of the sub-sector total.  
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Figure 6-2.  Container Cargo and Jobs, Maui Island, 1995 to 2005 1 
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SOURCE:  DOT wharfage data and annual job counts compiled by DLIR (available at 
www.hiwi.org/article.asp?ARTICLEID=515&PAGEID=94&SUBID). Wharfage data converted 
to calendar year estimates by averaging fiscal year data from adjacent years.  
 

Figure 6-3.  Relationship of Transportation Jobs to Cargo,  
Maui Island, 1995 to 2005 
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 9 
10 NOTE:  Jobs are Transportation sector, excluding Air, as in preceding graph. 
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There has been a strong association between Maui’s economy and cargo (0.97 
correlation between total island jobs and container tonnage) but a somewhat weaker 
association between cargo growth and transportation jobs (0.84). Ground and ocean 
transportation operations on Maui appear to have become more efficient, measured in 
relation to cargo shipped, through 2001. 
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One reason for the change in efficiency after 2001, visible in Figure 6-3, may be that 
congestion at the port and on the highways has grown to the point that it negates the 
gains in productivity made by Maui’s transportation industry.5

Between 2005 and 2030, container cargo shipped to and from Maui is expected to 
increase by 2.9 percent annually—a total increase of 104 percent over the 2005 cargo 
tonnage. If the recent ratio of transportation jobs to cargo were held constant, 
transportation jobs would increase by approximately 2,500 jobs.6 In contrast, if the 
trend towards efficiency evident from 1995 through 2001 were projected out to 2030, 
the increase in transportation jobs associated with more cargo would drop to about 
1,675 jobs.7

For the proposed action, factors affecting efficiency and productivity include: 

• Availability of pier space: More pier space is needed to allow vessels to dock, 
unload and load, and leave the harbor quickly. Under current conditions, some 
ships must enter the harbor, dock, begin unloading, yield their pier space to 
another scheduled user, and then resume the process. Alternative A would 
increase pier space to help alleviate congestion at the piers. Practices such as 
greater reliance on night operations could ease competition for pier space but 
would still result in higher operating costs. 

• Availability of land for commercial harbor activities: Alternative A responds to 
the need for additional land for container storage, vehicle storage, and covered 
storage. The former A&B Properties’ parcels along Ka‘ahumanu Avenue  
would not suffice to meet anticipated demand for land.  

• Location of cargo operation and storage areas in close proximity: Separation 
of operating areas has arisen as a question in discussions of LCL cargo. In the 
past, LCL cargo was handled on and near Pier 2. In recent months, the 

 
5  When statewide data on cargo shipments and transportation jobs are compared, no trend towards increased efficiency is 

evident. Correlations between statewide job counts and cargo tonnages (−0.10) and between statewide job counts and 
transportation job counts (0.26) are low.  

6  As will be discussed below, these jobs are not comparable to the direct or the total jobs estimated above for 
construction. Direct commercial harbor jobs account for about a quarter of the jobs counted here (applying a statewide 
ratio to Maui, for which comparable figures are not available.) 

7  The 2030 projections (DBEDT 2004) call for even slower growth in the transportation sector in Maui County. It seems 
likely that those projections extend the initial productivity gains associated with containerization and big box retailing 
in the 1980s and early 1990s into the future.  
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covered areas used for LCL have been demolished to increase space near Pier 
2. Under anticipated future conditions, such cargo could be containerized and 
then separated for pick up by its owners at a CFS. A CFS operation would 
involve more labor and time to handle cargo than in the past. The greater the 
distance between the pier and a CFS, the more labor needed to move cargo 
between the two locations. While Alternative A calls for a CFS, it does not 
specify its location, and hence the distance between the CFS and the piers is 
not at issue. 
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Under all alternatives, LCL cargos are likely to be phased out, and Kahului would 
need a CFS operation. Again, space for storing vehicles could be closer to or farther 
from the pier at which vehicles are offloaded, affecting labor time and cost for moving 
the vehicles. While the 2030 Master Plan calls for additional land for vehicle storage,  
a specific location is not identified. 

The alternative offering the most efficient use of labor is Alternative A. Transportation 
job growth associated with it would likely be closer to the lower calculation cited 
above (1,675 more jobs than in 2005) than to the higher one. With this alternative, 
increases in productivity associated with efficient transportation are expected. 

These job estimates are for most of the transportation sector; they cover direct jobs in 
the harbor, jobs in trucking companies and warehousing affected by efficiency of 
harbor operations, as well as other jobs. These are an indicator of cumulative, not just 
direct, impacts. Table 6-2 summarizes the argument and provides a range of estimates 
of the cumulative job impacts of operations as of 2030.8  

 
8  The transportation jobs are jobs as of 2030. The annual growth in jobs in earlier years would presumably depend on the 

speed at which harbor improvements can be made. Since the transportation jobs are indicators of cumulative impact, 
not a calculation of that impact, wages associated with those jobs are not estimated here. 
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Table 6-2.  Summary of Estimated Cumulative Job Impact  
Indicators Associated With Harbor Operations 

1 
2 

A. 2005 Data, Maui Island  
 Transportation, Warehousing and Utilities job count 3,150 jobs 
 Air Transportation 950 jobs 
 Transportation (minus Air) subsector 2,200 jobs 
B. Extrapolation to 2030 Ratio 
 Transportation (minus Air) jobs per 1,000 tons, containers  
 1995 3.60 
 2005 2.21 
 recent average ratio (2002 to 2005) 2.42 
 ratio projected from 1995 to 2005* 1.62 
 2005 to 2030 increase in containers 104% 1,034,262 tons by 2030 
 2030 increase in subsector jobs   
 at recent (2002 to 2005) ratio  2,503 new jobs 
 at ratio projected from 1995 to 2002  1,676 new jobs 
C. Application to Alternatives: Job Growth, Transportation (minus Air) subsector 
 Alternative A: Low Congestion 1,600 to 1,7500 new jobs 
 Alternative B: Low Congestion, cargo areas separated 1,650 to 1,800 new jobs 
 No Action: Increased Congestion 2,500 to 2,800 new jobs 
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Notes: See earlier notes on adjustment of fiscal year (FY) wharfage data for comparison 
with calendar year (CY) job counts. 

* Logarithmic projection, R2 = 0.9515 
 
Sources: DLIR, wharfage dataset. 
 
 

The 2030 job estimates used here are indicators of cumulative impacts in one year. For 
economic impacts of construction, the job estimates cover total employment over the 
period to 2030. The annual average cumulative employment impacts of construction 
for Alternative A would be 160 to 170 jobs. 

FISCAL IMPACTS. The State of Hawai‘i depends on several cash flows for its revenues, 
notably taxes and intergovernment payments. Taxes associated with construction of 
Kahului Commercial Harbor improvements are estimated in Table 6-3. The State also 
looks to the federal government to help pay for improvements, but no amount has 
been committed to this purpose.  
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Table 6-3.  State of Hawai‘i Revenues Associated With Construction 1 

Alternatives 
 A B 

Construction Costs $353.1 $328.6 
Wages, Construction-related workforce $209.2 $194.7 
Taxes   

Excise tax   
on construction $14.1 $13.11

on worker’s spending $5.2 $4.92

Personal income tax $9.8 $9.13

Corporate income tax $0.4 $0.44

TOTAL $29.6 $27.6 
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Notes. All amounts are millions of 2007 dollars 

1 Calculated at 4% of construction costs 
2 Calculated at 4% of disposable income 
3 Calculated at 4.69% of income, based on historical 

(2004) ratio 
4 Calculated at 0.12%, based on historical (2002) ratio of 

corporate receipts to corporate income tax 
Sources: State of Hawai‘i, Department of Taxation, 2006, 2007. State 

of Hawai‘i, Department of Business, Economic Development 
and Tourism. 2006. 

 
 

The County of Maui depends above all on real property taxes for its revenues. Since 
the 2030 Master Plan deals with government-owned land on which no property taxes 
are collected, minimal or no real property tax impacts are expected.  

MITIGATION MEASURES. None. 

6.9.3 Alternative B 

6.9.3.1 Social Impacts 

SIGNIFICANT IMPACTS. None. Social impacts associated with Alternative B are similar 
to those under the proposed action. 

IMPACTS ON ISLAND, COUNTY, AND STATE COMMUNITIES. As under the proposed 
action, harbor improvements considered under Alternative B are intended to ease 
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congestion in the harbor and to accommodate increasing demand for harbor facilities. 
As the 2030 Master Plan improvements are proposed in response to forecast harbor 
growth, the 2030 Master Plan improvements would facilitate movement of cargo 
through the harbor and would not have a significant adverse impact on the island, 
county, or state communities. 
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LOCAL SOCIAL IMPACTS OF HARBOR CONGESTION. As with the proposed action, the 
volume of cargo and number of passengers moving through Kahului Commercial 
Harbor would increase regardless of master plan improvements. The improvements 
are proposed to ease congestion at existing piers and would not directly contribute to 
increased congestion. Under Alternative B, with cargo and passenger operations 
mixed at both the existing harbor facilities on the east side and the developed West 
Breakwater harbor area, movement of cargo between the east and west sides would 
increase, affecting traffic on access roads (Hobron Avenue, Wharf Street, and 
Pu‘unēnē Avenue) and on Ka‘ahumanu Avenue. The traffic study anticipates no 
degradation of level of service at intersections due to this alternative. With some cargo 
functions on the West Breakwater harbor area, the analysis shows slightly improved 
traffic movement at Hobron Avenue intersections near the existing commercial harbor 
area. 

LOCAL SOCIAL IMPACTS OF A LARGER COMMERCIAL HARBOR FOOTPRINT. Use of 
the West Breakwater harbor area under Alternative B would increase the footprint of 
the commercial harbor. The alternative calls for dredging to allow deep-draft vessels 
to access the West Breakwater harbor area. Activity there would result in more traffic 
along Kahului Beach Road. Truck and equipment activity under Alternative B would 
be greater than under the proposed action, as cargo and passenger operations would be 
mixed on both the east and west side of the harbor. 

As described for Alternative A, local stakeholders potentially affected by harbor 
expansion to the West Breakwater harbor area include users of the DLNR small boat-
launch on the breakwater area, fields in the Keopuolani Regional Park and War 
Memorial complex, and the Maui Culture and Arts Center, along with Maui 
Community College, Harbor Lights Condominium residents, and merchants in the 
shopping centers on Ka‘ahumanu Avenue. 

The presence of cargo ships and cargo loading/unloading activities at the West 
Breakwater Harbor Development area under Alternative B would be closer to the 
abovementioned users than under Alternative A. Under Alternative B, both cruise ship 
and ferry passengers would be located at Pier 2, fairly close to Maui Mall. The 
pedestrian route would be shorter and more direct than at present. Queen Ka‘ahumanu 
Center would still capture visitor traffic, but less than under Alternative A. 
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Under Alternative B, DOT Harbors would landscape the inland edge of commercial 
harbor lands. As more land becomes available for commercial harbor operations, there 
would be less need to stack containers close to the roadway, and space could be 
devoted to landscaping. The Old Railway Building  would be retained. 
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MITIGATION MEASURES. None. 

6.9.3.2 Economic Impacts 

SIGNIFICANT IMPACTS. None. Economic impacts under Alternative B are similar to 
those identified under Alternative A. This section discusses impacts specific to 
Alternative B that are not addressed under Alternative A. The analysis in Section 
6.9.2.3 show comparisons among the alternatives. 

CONSTRUCTION IMPACTS. For Alternative B, the direct employment impact would be 
1,643 person-years, or about 75 jobs per year over the master plan improvement 
period, as shown in Table 6-1. 

For Alternative B, the total statewide construction job impact would be 3,483 person-
years of employment, of which 2,826 person-years would be located in Maui County. 
The wages associated with these jobs comes to $195 million, of which $168 million 
would be earned in Maui County.  

OPERATIONAL IMPACTS. For Alternative B, factors affecting efficiency and 
productivity include: 

• AVAILABILITY OF PIER SPACE: Alternative B would increase pier space to help 
alleviate congestion at the piers.  

• AVAILABILITY OF LAND FOR COMMERCIAL HARBOR ACTIVITIES: Under Alternative 
B, additional land for container storage, vehicle storage, and covered storage 
would be found. Use of the former A&B Properties parcels along 
Ka‘ahumanu Avenue would not suffice to meet anticipated demand for space.  

• LOCATION OF CARGO OPERATION AND STORAGE AREAS IN CLOSE PROXIMITY: Three 
separate issues have arisen, only one of which bears on the differences among 
the three alternatives. Alternative B would place one major cargo operation in 
the Pier 1 area and the other on the West Breakwater harbor area. Operators 
have noted that cargo and workers often move between the Matson and Young 
Brothers areas, so that separation of the two would increase operating costs.  

• As with the proposed action, Alternative B calls for a CFS without specifying 
its location. The distance between the CFS and the piers is not at issue.  
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Under Alternative B, operational labor costs would likely be higher than under 
Alternative A, because of the separation of cargo handling areas. However, the 
difference in labor associated with this factor is likely to be small compared too the 
growth due to anticipated increases in cargo to be handled. 
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MITIGATION MEASURES. None. 

6.9.4 No Action Alternative 

6.9.4.1 Social Impacts 

SIGNIFICANT IMPACTS. Operational congestion at and around the harbor would 
increase over time without harbor improvements. The result would have both local 
and county-wide impacts affecting residents’ quality of life.  

IMPACTS ON ISLAND, COUNTY, AND STATE COMMUNITIES. Under the No Action 
Alternative, congestion at the harbor would lead to increased transportation costs and 
time, adversely affecting businesses and consumers on Maui Island and on Moloka‘i. 
In addition to the everyday inefficiencies described above, congested port facilities 
could have severe impacts during and after natural emergencies. After a hurricane, 
access to airports and harbor facilities is crucial for emergency response. Maui is 
already more vulnerable than Hawai‘i Island, O‘ahu, and Kaua‘i because it has only 
one commercial harbor. If that harbor’s landside areas are normally filled to capacity, 
little or no space would be available in the event of an emergency, and emergency 
response would be slowed. 

LOCAL SOCIAL IMPACTS OF HARBOR CONGESTION. Under the No Action Alternative, 
neither berthing space nor port land acreage would increase, although the movement 
of goods and passengers in and out of Kahului Commercial Harbor is projected to 
increase. Traffic on access roads (Hobron Avenue, Wharf Street, and Pu‘unēnē 
Avenue) and on Ka‘ahumanu Avenue would be affected. Congestion at sea, on harbor 
lands, and nearby, would worsen.  

Some passengers and crew from cruise ships would continue to walk along Hobron 
Avenue from Pier 1 to Maui Mall and back. As traffic increases, this route would 
become even more dangerous for pedestrians than it is already. This situation can be 
much improved by the use of buses, whether public transportation or ones sent by the 
malls to collect cruise passengers. Space for such buses near Pier 1 would be limited 
under the No Action Alternative. 

LOCAL SOCIAL IMPACTS OF A LARGER COMMERCIAL HARBOR FOOTPRINT. There would be 
no impacts under the No Action Alternative, as the harbor footprint would not change. 
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Under the No Action Alternative, pressure to use commercial harbor lands for cargo 
storage would increase, extending the recent trend to clear as much space as possible 
for container storage. 
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MITIGATION MEASURES. While the social impacts of the No Action Alternative 
would need mitigation, mitigation would involve harbor improvements, and hence be 
outside the scope of this alternative.   

6.9.4.2 Economic Impacts 

SIGNIFICANT IMPACTS.  Increased congestion would lead to inefficiencies and higher 
cost of goods to and from Maui. The direct impact would be an increase in 
transportation jobs. Indirectly, the impact would be less benign, and potentially 
significant.  

This section discusses impacts specific to the No Action Alternative. A comparison of 
impacts among all three alternatives is provided in Section 6.9.2.3.  

CONSTRUCTION IMPACTS. For the No Action Alternative, no construction beyond the 
projects planned and discussed in the 2025 Master Plan is expected. 

OPERATIONAL IMPACTS. For the No Action Alternative, factors affecting efficiency 
and productivity include: 

• AVAILABILITY OF PIER SPACE: The No Action Alternative does not address this 
issue; hence, congestion is expected to worsen with increased shipping. 
(Mitigation measures such as greater reliance on night operations could ease 
competition for pier space but would still result in higher operating costs.) 

• AVAILABILITY OF LAND FOR COMMERCIAL HARBOR ACTIVITIES: Under the No 
Action Alternative, additional land for commercial harbor activities would not 
be available. Again, increased congestion is expected to result in increased 
inefficiency and costs.  

• LOCATION OF CARGO OPERATION AND STORAGE AREAS IN CLOSE PROXIMITY: Under 
the No Action Alternative, DOT Harbors would have no role in building a 
CFS. LCL cargo would either be handled in the open near the pier—a 
procedure that Young Brothers has announced to be no longer acceptable—or 
no longer taken by the operator. Under the latter scenario, others would take 
over responsibility for loading cargo into containers and then separating it out 
after arrival. With little land available adjacent to the harbor, such a private 
CFS would be offsite, and could easily be a mile away from the piers.  
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Under the No Action Alternative, transportation job growth would be higher than for 
the other alternatives. 
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The higher operational job growth shown for the No Action Alternative—about 1,000 
more jobs in 2030 than with the other alternatives—would develop over time, so that 
the cumulative impact over the 2030 Master Plan period would be far greater. By way 
of comparison, the annual average cumulative employment impacts of construction 
for either Alternative A or Alternative B would be 160 to 170 jobs. 

In short, worsening congestion and inefficiency under the No Action alternative would 
add up to a much greater economic impact over time than the cost of construction for 
the proposed harbor improvements.  

MITIGATION MEASURES. While the economic impacts of the No Action Alternative 
could be mitigated, mitigation would involve harbor improvements, and hence be 
outside the scope of this alternative.   

6.10 TRAFFIC CONDITIONS 

6.10.1 Impact Methodology and Significance Criteria 
To evaluate the potential impact of traffic generated by the implementation of the 
proposed alternatives on the surrounding street system, Fehr & Peers/Kaku Associates, 
Inc. prepared the Kahului Harbor Master Plan Traffic Study (Appendix H).  Fehr & 
Peers/Kaku Associates, Inc. developed estimates of future traffic conditions in the area 
with and without the proposed projects. Traffic count data were collected at the 
primary driveways to the current harbor to develop an empirical trip generation rate 
specific to Kahului Commercial Harbor uses. The estimates of future vehicular traffic 
entering and exiting the harbor area were developed after reviewing the details of 
proposed land use plans, conversing with harbor officials, and studying current local 
land uses.  

As described in Section 5.10, the level of service (LOS) analysis methodology used is 
a qualitative measure used to summarize conditions of traffic flow. This methodology 
represents traffic delays in terms of grades, with LOS A representing excellent 
conditions and LOS E and F generally regarded as unacceptable. Impacts were 
considered to be significant if the alternative changed the LOS from an acceptable 
grade (A through D) to an unacceptable grade (E or F). 
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6.10.2 Alternative A (Proposed Action) 1 
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SIGNIFICANT IMPACTS. None. Alternative A is expected to generate approximately 96 
trips during the AM peak hour, 141 trips in the mid-morning peak hour, and 114 trips 
during the weekday afternoon peak hour. 

Under projected 2030 traffic conditions, LOS at the following intersections would be 
unacceptable (grade E or F) regardless of the contributions of the proposed action:  

• Haleakalā Highway/Hanakai Street and Hāna Highway 

• Haleakalā Highway and Hāna Highway 

• Dairy Road and Pu‘unēnē Avenue/Mokulele Highway (PM peak) 

• Hobron Avenue and Amala Place (PM peak) 

Under Alternative A, all intersections studied, with the exception of Haleakalā 
Highway/Hanakai Street and Hāna Highway in the AM. peak hour and Haleakalā 
Highway and Hāna Highway in the PM peak hour, would remain at the same LOS as 
in the No Action Alternative. Both of these intersections worsen from LOS E to F, 
with changes in delay between one and six seconds. The intersection of Hobron 
Avenue and Amala Place would operate at LOS F under either Alternative A or the No 
Action Alternative; however, under Alternative A, the intersection would operate with 
less delay as a direct result of the movement of cruise ship operations to the West 
Breakwater Harbor area. 

The Alternative A-related component of future traffic growth at the intersections 
studied was calculated based on the proportion of project peak hour traffic relative to 
the total new peak hour 2030 traffic volumes. The maximum contribution of 
Alternative A to the 2030 traffic volumes was identified to be between 5 and 15 
percent.  

Regional analysis was conducted to determine the potential impacts to Maui’s 
roadway system. The largest increases in traffic attributable to Alternative A include 
two-way traffic increase on Ka‘ahumanu Avenue, where PM peak traffic grows by 1.6 
percent (59 trips). The largest percent increase occurs on the Pu‘unēnē Avenue 
segment where PM peak traffic grows by 2.8 percent (47 trips). Based on the 2030 
base (No Action) volumes, the estimated level of increase in traffic at these locations 
is not deemed to be significant. 

MITIGATION MEASURES. While impacts from Alternative A were not identified as 
significant, mitigation measures to address overall unacceptable traffic conditions 
were developed. The recommended mitigation measures to address overall unac-
ceptable traffic conditions include the following. 
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• DAIRY ROAD AND PU‘UNĒNĒ AVENUE/MOKULELE HIGHWAY. This intersection 
could be mitigated to LOS D with the addition of another southbound left-turn 
lane. The high volumes of left turns during the PM peak hour lead are delayed 
by the increases in through traffic. In order to accommodate another 
southbound left-turn lane on Pu‘unēnē Avenue, this mitigation requires the 
removal of a 15-foot landscaped median at this intersection.  
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Alternative A’s fair-share contribution to the cost of this mitigation measure is 
identified as 4.9 percent. While this improvement mitigates Alternative A’s 
portion of traffic impact, there is a need to consider regionally-oriented long-
term improvements to accommodate anticipated regional traffic growth from 
West and South Maui.  

• HALEAKALĀ HIGHWAY/HANAKAI STREET AND HĀNA HIGHWAY; HALEAKALĀ 
HIGHWAY AND HĀNA HIGHWAY. These two stop-controlled intersections would 
operate poorly under base 2030 traffic conditions and would worsen slightly 
with the addition of Alternative A. In order to improve operations at this 
intersection, the two intersections should be combined into one and signalized. 
The proposed combined operation would pull the left-turn pocket for 
eastbound traffic on Hāna Highway up to the intersection at Hanakai Street, 
allowing this movement protected turn status. With installation of the signal 
and combination of the two intersections, the intersection would operate at 
LOS C at worst for the analyzed peak hours.  

Alternative A’s fair-share contribution to the cost of this mitigation measure is 
identified as 15 percent, based on the share of new traffic through these 
intersections that can be ascribed to this alternative.  

6.10.3 Alternative B 
SIGNIFICANT IMPACT. Alternative B would contribute to the intersection of 
Ka‘ahumanu Avenue and Pu‘unēnē Avenue worsening from Level D to Level E at the 
mid-morning peak hour. However, only approximately six percent of the new traffic at 
this intersection would result from implementation of Alternative B. Under projected 
2030 traffic conditions, LOS at the following intersections would be unacceptable 
(grade E or F) regardless of the contributions of Alternative B.  

• Haleakalā Highway/Hanakai Street and Hāna Highway 

• Haleakalā Highway and Hāna Highway 

• Dairy Road and Pu‘unēnē Avenue/Mokulele Highway (PM peak) 
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Under Alternative B, the intersection of Hobron Avenue and Amala Place would 
improve from LOS F to LOS E. This is still considered an unacceptable LOS based on 
significance criteria; however, Alternative B’s contribution to improving the LOS 
would negate the need for contribution to mitigation at this intersection. 
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The Alternative B-related component of future traffic growth at the intersections 
studied was calculated based on the proportion of project peak hour traffic relative to 
the total new peak hour 2030 traffic volumes. The maximum contribution of 
Alternative B to the 2030 traffic volumes was identified to be between 3 and 10 
percent. 

MITIGATION MEASURES. While only one impact from Alternative B was identified as 
significant, several mitigation measures to address overall unacceptable traffic 
conditions were developed.  

• KA‘AHUMANU AVENUE AND PU‘UNĒNĒ AVENUE. The intersection of Ka‘ahumanu 
Avenue and Pu‘unēnē Avenue could be mitigated to LOS D in the mid-
morning peak hour with the reconfiguration of this intersection. The new 
configuration would consist of two northbound left-turn lanes and a through/ 
right lane on the northbound approach, which would be accommodated 
through removal of a southbound departure lane. The southbound approach 
would need to be reconfigured to a through/right lane and a left-turn lane to 
ensure that both the northbound and southbound approaches align correctly. 
Additionally, this mitigation may require a physical reconstruction of the 
eastbound approach. The reconstruction is necessary to cut back the raised 
median to provide additional room to clear two lanes turning left from 
northbound on Pu‘unēnē to westbound on Ka‘ahumanu. 

Alternative B’s fair-share contribution to the cost of this mitigation measure is 
identified as 6.1 percent. 

• DAIRY ROAD AND PU‘UNĒNĒ AVENUE/MOKULELE HIGHWAY. This intersection 
could be mitigated to LOS D with the addition of another southbound left-turn 
lane. The high volumes of left turns during the PM peak hour are delayed by 
the increases in through traffic. In order to accommodate another southbound 
left-turn lane on Pu‘unēnē Avenue, this mitigation requires the removal of a 
15-foot landscaped median at this intersection. 

Alternative B’s fair-share contribution to the cost of this mitigation measure is 
identified as 3.0 percent. 

• HALEAKALĀ HIGHWAY/HANAKAI STREET AND HĀNA HIGHWAY; HALEAKALĀ 
HIGHWAY AND HĀNA HIGHWAY. These two stop-controlled intersections would 
operate poorly under base 2030 traffic conditions and would worsen slightly 

 6-37  



CHAPTER 6  KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN 
ENVIRONMENTAL CONSEQUENCES  DRAFT ENVIRONMENTAL IMPACT STATEMENT 

with the addition of Alternative B. In order to improve operations at these two 
intersections, they should be combined into one and signalized. The proposed 
combined operation would pull the left-turn pocket for eastbound traffic on 
Hāna Highway up to the intersection at Hanakai Street, allowing this 
movement protected turn status. With installation of the signal and 
combination of the two intersections, the intersection would operate at LOS C 
at worst for the analyzed peak hours. 
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Alternative B’s fair-share contribution to the cost of this mitigation measure is 
identified as 9.8 percent. 

6.10.4 No Action Alternative 
SIGNIFICANT IMPACTS. Future traffic conditions without the proposed project reflect 
traffic increases generated by other specific developments in the project vicinity. Four 
of 14 intersections studied show unacceptable LOS in 2030 under the No Action 
Alternative. These intersections are the same as those described under Alternative A. 

• Haleakalā Highway/Hanakai Street and Hāna Highway 

• Haleakalā Highway and Hāna Highway 

• Dairy Road and Pu‘unēnē Avenue/Mokulele Highway (PM peak) 

• Hobron Avenue and Amala Place (PM peak) 

MITIGATION MEASURES. Mitigation measures to address overall unacceptable traffic 
conditions were developed.  

• DAIRY ROAD AND PU‘UNĒNĒ AVENUE/MOKULELE HIGHWAY. This intersection 
could be mitigated to LOS D with the addition of another southbound left-turn 
lane. The high volumes of left turns during the PM peak hour lead are delayed 
by the increases in through traffic. In order to accommodate another 
southbound left-turn lane on Pu‘unēnē Avenue, this mitigation requires the 
removal of a 15-foot landscaped median at this intersection.  

• HALEAKALĀ HIGHWAY/HANAKAI STREET AND HĀNA HIGHWAY; HALEAKALĀ 
HIGHWAY AND HĀNA HIGHWAY. These two stop-controlled intersections would 
operate poorly under base 2030 traffic conditions. In order to improve 
operations at this intersection, the two intersections should be combined into 
one and signalized. The proposed combined operation would pull the left-turn 
pocket for eastbound traffic on Hāna Highway up to the intersection at 
Hanakai Street, allowing this movement protected turn status. With instal-
lation of the signal and combination of the two intersections, the intersection 
would operate at LOS C at worst for the analyzed peak hours. 

 6-38  



KAHULUI COMMERCIAL HARBOR 203 MASTER PLAN   CHAPTER 6 
DRAFT ENVIRONMENTAL IMPACT STATEMENT  ENVIRONMENTAL CONSEQUENCES 

6.11 PUBLIC SERVICES AND INFRASTRUCTURE 1 
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6.11.1 Impact Methodology and Significance Criteria 
Each alternative’s impacts on public services and infrastructure were evaluated based 
on the availability of existing and future planned services to meet increased demand 
from the alternative. Only increased demand attributed specifically to the activities 
proposed under each alternative was considered when determining significance. 
Increased demand from future harbor growth which would occur with or without the 
harbor improvements (i.e., increased cargo movement based on increased population 
needs) was excluded. 

Alternatives were considered significant if it were determined that public services and 
infrastructure capacity would need to be increased to meet the demand created by the 
activities proposed in the alternative. 

6.11.2 Alternative A (Proposed Action) 
SIGNIFICANT IMPACTS. None. 

Electrical, water, wastewater, solid waste, and emergency services described in 
Section 5.11 would not be significantly affected by the proposed action. Under 
Alternative A, new infrastructure would be constructed at the West Breakwater Harbor 
Development which would connect to the existing utilities; however, this new 
infrastructure would shift some of the demand from the existing harbor area.  

MANAGEMENT MEASURES. Prior to development of construction plans for future 
development, the appropriate state and county agencies and utility providers would be 
consulted, and appropriate approvals would be obtained.  

6.11.3 Alternative B 
SIGNIFICANT IMPACTS. None. 

Electrical, water, wastewater, solid waste, and emergency services described in 
Section 5.11 would not be significantly affected by Alternative B. As with Alternative 
A, new infrastructure would be constructed at the West Breakwater Harbor 
Development which would connect to the existing utilities; however, this new 
infrastructure would shift some of the demand from the existing harbor area. 
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MANAGEMENT MEASURES. Prior to development of construction plans for future 
development, the appropriate state and county agencies and utility providers would be 
consulted, and appropriate approvals would be obtained.  
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6.11.4 No Action Alternative 
SIGNIFICANT IMPACTS. None. 

Under the No Action Alternative, projected harbor growth would continue to be 
concentrated at the east side of the harbor, and existing utility lines and services would 
continue to be used. Improvements to these services would likely occur as part of 
regular maintenance and upgrades. 

MANAGEMENT MEASURES. Prior to development of construction plans for future 
utility repair and upgrades, the appropriate State and County agencies and utility 
providers would be consulted, and appropriate approvals would be obtained. 

6.12 NOISE ENVIRONMENT 

6.12.1 Impact Methodology and Significance Criteria 
Each alternative’s noise impacts were determined based on effects of the project on 
sensitive noise receptors. Impacts are considered significant if they create long-term 
ambient noise levels above the maximum permissible sound levels for Class C zoning.  

6.12.2 Alternative A (Proposed Action)  
SIGNIFICANT IMPACTS. None. There are no sensitive noise receptors, such as schools, 
hospitals, or residences, in the project area.  

Dredging operations and construction activities would generate noise, but it would be 
temporary. Construction activities would be conducted in compliance with state rules 
(i.e., a noise permit or variance would be obtained, as required).  

Noise levels associated with construction activities, including dredging, would vary in 
location, intensity, and persistence. Persistent noises would include diesel machinery 
operation, including construction equipment, dredging equipment (hydraulic pump or 
mechanical bucket dredge), and sediment transport equipment. Some noise would be 
generated at the support areas by material handling equipment, heavy vehicles, and 
possibly generators. The duration of these activities would be relatively constant 
during working hours. Noise levels are anticipated to be highest from activities such 
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as pile driving, which radiate sound into the water, outward through the bottom 
sediment, and additional sound into the air.
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9  

Noise estimates for hydraulic dredging are based on use of a generator during active 
dredging. Associated noise levels of up to 75 dBA could occur at 150 feet (48 m), 
which would be within the DOT Harbors property and would decrease below state 
standards at the property line. Noise estimates for mechanical dredging are based on 
use of a crane during active dredging. Associated noise levels up to 80 dBA could 
occur at 150 feet (48 m). Construction and dredging noise levels may need to be 
attenuated to meet the zoning district sound levels, or if not possible, a community 
noise permit would be required from the DOH Noise and Radiation Branch. Permit 
coverage is for the hours of 7:00 AM to 6:00 PM. during weekdays. Construction 
activities are not expected to occur outside of these hours; however, if activities extend 
past 6:00 PM, a variance is required. Application for a variance requires public notice, 
and the process may involve a public hearing to address community concerns. 

Long-term noise impacts from vessel operations and vehicle traffic at the harbor are 
not expected to be significant. Operational noise would increase at the West 
Breakwater Harbor Development, which, while closer to residential areas, is still 
approximately one-half mile from sensitive noise receptors. Operational noise would 
be commensurate with existing noise levels in the urban setting. 

MANAGEMENT MEASURES. Management measures for construction activities identi-
fied in Section 2.3.2 would be implemented as needed to minimize noise impacts. 

6.12.3 Alternative B 
SIGNIFICANT IMPACTS. None. There are no sensitive noise receptors, such as schools, 
hospitals, or residences, in the project area. 

As in Alternative A, dredging operations and construction activities would generate 
noise, but it would be temporary. Operational noise would increase at the West 
Breakwater Harbor Development. Construction activities would be conducted in 
compliance with State rules (i.e., a noise permit or variance would be obtained, as 
required).  

MANAGEMENT MEASURES. Management measures for construction activities iden-
tified in Section 2.3.2 would be implemented as needed to minimize noise impacts. 

 
9  Hastings M.C., and A.N. Popper. January 2005. Effects of Sound on Fish. Subconsultants to Jones & Stokes 

Under California Department of Transportation Contract No. 43A0139, Task Order 1  
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6.12.4 No Action Alternative 1 
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SIGNIFICANT IMPACTS. None. 

Construction activities already approved under the 2025 Master Plan EA would occur 
at the eastern side of the harbor. As in Alternatives A and B, construction activities 
would be conducted in compliance with State rules. 

MANAGEMENT MEASURES. Management measures for construction activities iden-
tified in Section 2.3.1 would be implemented as needed to minimize noise impacts. 

6.13 CULTURAL AND HISTORIC RESOURCES 

6.13.1 Archaeological and Historic Sites 

6.13.1.1 Impact Methodology and Significance Criteria 

Each alternative’s impacts on archaeological and historic sites were evaluated based 
on whether construction activities would disturb subsurface archaeological resources 
identified as eligible for listing on State of Hawai‘i Inventory of Historic Places or the 
National Register of Historic Places. The impacts would be considered significant if 
disturbance of the resources led to permanent loss or alteration of the site. 

6.13.1.2 Alternative A (Proposed Action) 

SIGNIFICANT IMPACTS. None.  

According to the archaeological assessment conducted for the 2025 Master Plan EA, 
no archaeological resources are present in the existing harbor area. Development 
would be primarily offshore and on existing fill land. Since the West Breakwater 
harbor area was constructed from excavated fill material, no archaeological resources 
would be affected by construction activities for the West Breakwater Harbor area. 
Surface archaeological resources have not been identified at the A&B Properties 
parcels.  

Kahului Commercial Harbor has been designated a historic site in the State of Hawai‘i 
Inventory of Historic Places and is potentially eligible for listing on the National 
Register of Historic Places. According to the cultural assessment conducted for the 
2025 Master Plan EA, the Kahului Railroad Building, which is on the A&B Properties 
parcels recently acquired by DOT Harbors, is a contributing element to the listing of 
the harbor as historic. Any modification or alteration to the building would constitute 
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an effect under the stipulations of the NHPA. Impacts to this building include potential 
changes to the interior of the building to convert it for use by DOT Harbors. Specific 
uses, such as administrative offices, have not yet been determined; however, no 
alterations to the exterior of the building are proposed. In accordance with Section 106 
of the NHPA, consultation with the State Historic Preservation Division (SHPD) will 
take place as part of the draft EIS, prior to proposed improvements to the building. 
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As part of the Cultural Impact Assessment conducted for the 2025 Master Plan EA, 
consultation was undertaken with the SHPD, in which the SHPD expressed agreement 
that the harbor improvements proposed in that plan would have no effect on any 
architectural historic properties, and there would be no need to implement measures to 
mitigate adverse effects. This determination was made based on the distance of 500 
feet (160 m) between the proposed new pier construction and the structure, the lack of 
impact on the visual integrity of the historic building, and the lack of special or unique 
architectural qualities of the majority of other existing buildings at the harbor. The use 
of the historic building for administrative offices and the use of the surrounding area 
for storage would be the most important differences between activities proposed under 
the 2025 Master Plan and this plan.  

MANAGEMENT MEASURES. Potential impacts to archaeological resources, while 
unlikely based on previous investigations described in Section 5.13, would be 
minimized by ensuring that should human remains, prehistoric or historic artifacts, or 
cultural features be encountered in the course of excavation during construction, the 
contractor will halt work in the area and contact the SHPD in accordance with Section 
6e of Hawai‘i Revised Statutes (HRS) 343. 

Consultation with SHPD will occur prior to any renovation or alteration of the historic 
Kahului Railroad Building. Exterior alterations would be avoided, and a buffer 
between the historic building and cargo storage areas could be developed to minimize 
visual impacts to the historic structure. Recommendations by the SHPD for 
minimizing or avoiding impacts to the building will be considered and implemented to 
the extent practicable.  

6.13.1.3 Alternative B 

SIGNIFICANT IMPACTS. None. 

Impacts to archaeological and historic resources under Alternative B would be similar 
to those under Alternative A. 

MANAGEMENT MEASURES. Management measures to minimize or avoid impacts to 
archaeological and historic resources would be the same as those described under 
Alternative A. 
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6.13.1.4 No Action Alternative 1 
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SIGNIFICANT IMPACTS. None 

Under the No Action Alternative, DOT Harbors would still plan to carry out 
improvements approved in the 2025 Master Plan EA. Development of the recently 
purchased A&B Properties’ parcels would proceed under the No Action Alternative, 
and the Kahului Railroad Building would be converted for use by DOT Harbors. 
Specific uses, such as administrative offices, have not yet been determined. SHPD will 
be consulted on the project. 

MANAGEMENT MEASURES. Management measures to minimize or avoid impacts to 
archaeological and historic resources would be the same as those described under 
Alternative A. 

6.13.2 Cultural Practices 

6.13.2.1 Impact Methodology and Significance Criteria 

Impacts to current recreational practices are discussed in Section 6.15. Each 
alternative’s impacts to cultural practices other than recreation were determined based 
on whether the activities would restrict or prevent cultural practitioners from using 
existing harbor resources for traditional cultural practices. Impacts would be 
considered significant if traditional cultural practices would be eliminated by the 
implementation of the alternative. 

6.13.2.2 Alternative A (Proposed Action) 

SIGNIFICANT IMPACTS. None.  

Other than existing recreation (fishing, surfing, canoe paddling) described in Section 
6.15, cultural activities are not typically practiced in the harbor; therefore, no impacts 
to cultural practices beyond recreational impacts are expected from Alternative A. 

MANAGEMENT MEASURES. None. 

6.13.2.3 Alternative B 

SIGNIFICANT IMPACTS. None. 
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Other than existing recreation (fishing, surfing, canoe paddling) described in Section 
6.15
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, cultural activities are not typically practiced in the harbor; therefore, no impacts 
to cultural practices beyond recreational impacts are expected from Alternative B. 

MANAGEMENT MEASURES. None. 

6.13.2.4 No Action Alternative 

SIGNIFICANT IMPACTS. None. 

Other than existing recreation (fishing, surfing, canoe paddling) described in Section 
6.15, cultural activities are not typically practiced in the harbor; therefore, no impacts 
to cultural practices are expected from the No Action Alternative. 

MANAGEMENT MEASURES. None. 

6.14 VISUAL AND AESTHETIC RESOURCES 

6.14.1 Impact Methodology and Significance Criteria 
Each alternative’s impacts to visual or aesthetic resources were evaluated based on 
whether the activities would alter scenic vistas, scenic overlooks, unique topography, 
or visual landmarks having scenic value. Impacts were considered to be significant if 
the activities would permanently alter these resources.  

6.14.2 Alternative A (Proposed Action) 
SIGNIFICANT IMPACTS. None.  

No significant scenic vistas, scenic overlooks, unique topography, or visual landmarks 
having scenic value were identified in the harbor area; therefore, there would be no 
impacts from Alternative A. Consideration of “exceptional trees” discussed in Section 
5.14 would take place in design and construction. 

MANAGEMENT MEASURES. None. 

6.14.3 Alternative B 
SIGNIFICANT IMPACTS. None.  
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No significant scenic vistas, scenic overlooks, unique topography, or visual landmarks 
having scenic value were identified in the harbor area; therefore, there would be no 
impacts from Alternative B.  
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MANAGEMENT MEASURES. None 

6.14.4 No Action Alternative 
SIGNIFICANT IMPACTS. None. 

No significant scenic vistas, scenic overlooks, unique topography, or visual landmarks 
having scenic value were identified in the harbor area; therefore, there would be no 
impacts from the No Action Alternative. 

MANAGEMENT MEASURES. None. 

6.15 RECREATIONAL RESOURCES 

6.15.1 Impact Methodology and Significance Criteria 
Each alternative’s impacts on recreational resources were determined based on the 
expected level of use of the resources during construction and operation of the 
proposed activities. 

6.15.2 Alternative A (Proposed Action) 
SIGNIFICANT IMPACTS. Significant impacts from the proposed action include impacts 
to the outrigger canoe course and shoreline use associated with the Pier 2 expansion, 
and impacts to the primary harbor surf sites from the West Breakwater harbor area 
improvements. 

OUTRIGGER CANOE COURSE. The outrigger canoe race course is presently situated so 
that it is out of the wind and in the lee of Pier 2. It is also situated so that there is 
clearance between the end of the race course and Pier 2 to allow up to ten canoes at a 
time to line up for race starts, to make turns around the flagged buoys marking the end 
of the course during races, and to finish races by paddling past the flagged buoys 
marking the end of the race course. (Local paddlers have indicated a need or 
preference for a 50-foot buffer between the race course and Pier 2; they are currently 
operating without that buffer depth for some lanes.) Furthermore, the race course is 
situated so that the inner length of the race course is far enough off the beach to 
provide a safety zone for canoes departing and landing on the beach, while at the same 
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time the outer length of the race course is situated to intrude as little as possible into 
the turning basin. 
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Given all the factors that presently determine the site of the race course, expansion at 
Pier 2 would affect the outer lanes and start area. Dredging and new breakwater 
construction would affect wave conditions within Kahului Commercial Harbor. An 
indirect impact of new breakwater construction, intended to reduce surge in the 
harbor, would likely be to create improved conditions throughout the harbor for canoe 
paddling. 

KAHULUI BEACH/HOALOHA BEACH. Expansion at Pier 2 would encroach on the 
shoreline, further reducing the size of the only remnant of the original Kahului Beach. 
While Hoaloha Beach is not highly regarded as a swimming site, it is the major access 
point to the harbor for all paddling activities, including canoe regattas, which utilize 
the entire beach. 

The end of Hoaloha Beach near Pier 2 is a fishing site during certain times of the year 
when halalu, or juvenile akule, congregate around Piers 1 and 2. Expansion of Pier 2 
would affect access to this fishery, reducing or perhaps eliminating it as a fishing site. 
It would also eliminate Kahului Harbor Area 2, a State-regulated fishing area adjacent 
to Pier 2 (Figures 6-4A and 6-4B). 

WEST BREAKWATER SURF SITES. The development of a commercial shipping pier within 
the harbor along the seawall of the West Breakwater, including reclaiming land 
(additional landfills), dredging to a depth of approximately minus 35 feet, (−11 m) and 
constructing a pier, would impact the primary surf sites in the harbor (Figure 6-4A).  

• The surf site known as Jetties would be eliminated by the dredging of the 
berth and construction of the breakwater to protect the berth. 

• The surf sites known as Old Mans and Harbor Lights would be eliminated by 
the dredging of the turning basin. 

• The construction of the 900-foot breakwater extension off of the East 
Breakwater could impact surf conditions at the surf site known as Ledges 
during certain times of the year, dependent on the final configuration, location, 
and length of the breakwater extension. 

• Some surf sites on the opposite side of the channel from the boat ramp may be 
affected by the refraction of waves off the new pier and its breakwater. 

Dredging may create new surf sites closer to the shoreline. Even if new breaks yield 
attractive waves, the rides would be shorter. 
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Furthermore, development of the West Breakwater harbor area may reduce parking 
areas currently used by surfers in and around the harbor.  
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In addition to the impacts described above, the Pier 2 expansion would impact a 
secondary surf site in the harbor, as well as harbor access. 

HOALOHA PARK SURF SITE. Expansion at Pier 2 may encroach on or eliminate the surf 
site fronting Hoaloha Park that some surfers know as Charthouse. While this surf site 
is considered to be a secondary site compared to others in the harbor, it is still 
recognized and used as a viable surf site during favorable swell conditions (Figure 
6-4A). 

HARBOR ACCESS. Expansion at Pier 2 would impact the public’s access to the harbor. 
After the events of 9-11, the entire harbor was designated as a secure area. Certain 
commercial areas, such those around Piers 1 and 2, were placed off-limits to public 
access and a 300-foot security zone was imposed on passenger ships in the harbor. 
Relocation of passenger ships to the West Breakwater Harbor Development area 
would move the areas restricted for public access restrictions to state land that is now 
accessible to the public and could affect existing ocean recreation activities. 

The development of harbor facilities at the West Breakwater Harbor area for passenger 
vessels may impact Hale Kiawe and a regulated fishing area (Fishing Area 3; see 
Figures 6-4A and 6-4B) by imposing security zones that may overlap the DLNR 
parcel and Fishing Area 3. However, the proposed action would not include physical 
changes to the DLNR-owned portion of the West Breakwater harbor area. 

The development of harbor facilities at the West Breakwater Harbor area would 
impact the public’s access to the harbor. Development at the West Breakwater Harbor 
area would extend public access restrictions into areas that are now open to the public. 
However, as the DLNR public boat-launch ramp area is not part of this evaluation and 
the proposed West Breakwater Harbor development activities would not restrict access 
to the DLNR boat-launch ramp, public access to the boat-launch ramp is not 
evaluated. 
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The significance of these impacts must be assessed in relation to the accessibility of 
alternative sites. A recent guide
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10 lists 19 surf sites, some with more than one break, 
between Ho‘okipa and Waihe‘e. (Two of these are within Kahului Commercial 
Harbor.) For Kahului residents, only a few of these are as conveniently located as the 
harbor. Also, guidebook warnings about “respect” for “locals” indicate that demand 
for access to surf is already great enough to lead to conflicts at some of these sites. 
Loss of Kahului Commercial Harbor surf sites can accordingly be expected to add to 
the distance many Kahului residents must go to surf, as well as add to congestion at 
surf breaks elsewhere on the island.  

MITIGATION MEASURES. DOT Harbors has begun discussions with the Kahului canoe 
clubs to see whether the proposed actions would limit their activities and whether the 
race course can be moved to better meet their needs. DOT Harbors would work with 
canoe clubs to address specific impacts to the course and discuss the best location for 
the canoe course within the harbor, as feasible. If necessary, DOT Harbors would 
work with canoe clubs to identify locations outside the harbor to which it may be 
possible to relocate clubs. Impacts to recreational activities during construction of the 
Pier 2 fill area could be minimized by timing construction to occur outside of the 
regatta season when the area is used for the race course.  

Mitigation for loss of fishing areas is not proposed in light of the availability of other 
fishing areas in the harbor and around Maui. Although the full extent of impacts on 
surf sites cannot be determined until studies are conducted for the proposed dredging, 
it is apparent that the dredging may adversely affect two or three sites and potentially 
eliminate two others. Mitigation is likely limited to creating new surf sites closer to the 
shoreline, but it is acknowledged that these would be different from the existing sites, 
that is, they would have shorter rides. This situation is an example of a dilemma 
encountered when two highly valued activities compete for space. In this case, 
dredging of the commercial harbor created favorable surf conditions that have become 
very popular among surfers and bodyboarders. This situation creates the conflicting 
uses of recreational activity in a working commercial harbor that requires expansion to 
meet current and future needs. It appears that neither action alternative (A or B) would 
preserve the surf sites; only the No Action Alternative would do so. The purpose of 
this EIS is to disclose such impacts to the decision-makers and to the public.  

6.15.3 Alternative B 
SIGNIFICANT IMPACTS. Disruption of canoe regattas and loss of primary harbor surf 
sites from dredging and West Breakwater Harbor development activities.  

 
10  Blue Planet Surf Maps Co. The Essential Surfing Maui Surf Map Guidebook. 5th ed. San Diego, CA: 2006.  
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Impacts to recreational activities in Kahului Commercial Harbor from Alternative B 
include encroachment into the existing canoe regatta course by the Pier 2 extension 
and the 300-foot security zones which would be in place when passenger vessels are 
berthed at Pier 2, restricting the use of the regatta course during these periods. For 
passenger vessels berthing on the east side of Pier 2, a small area of the security zone 
would impact the canoe regatta course (see 
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Figure 6-5). However, the security zone 
for passenger vessels berthed on the west side of Pier 2 would overlap most of the 
lanes of the regatta course, potentially halting racing activities for the duration of time 
passenger vessels are at the pier. The inter-island passenger ferry is expected to be 
berthed for approximately two hours. 

Impacts to West Breakwater Harbor area surf sites from Alternative B would be 
similar to those from Alternative A. Impacts to fishing and other recreation would be 
similar to Alternative A. 

MITIGATION MEASURES. As described in Alternative A, the full extent of impacts on 
surf sites cannot be determined until studies are conducted for the proposed dredging; 
however, it is apparent that the dredging may adversely affect two or three sites and 
potentially eliminate two others. Mitigation is likely limited to creating new surf sites 
closer to the shoreline, but it is acknowledged that these would be different from the 
existing sites, that is, they would have shorter rides.  

The impacts of the security zones on canoe racing activities could potentially be 
mitigated through coordination with the U.S. Coast Guard (USCG) to allow certain 
recreational activities to occur within the security zone. This would be determined at 
the discretion of the Captain of the Port or a designated representative. 

6.15.4 No Action Alternative 
SIGNIFICANT IMPACTS. None. 

Under the No Action Alternative, harbor operations would continue in the current 
locations, and existing recreational activities would not be limited by harbor 
expansion. The 300-foot buffer zone around passenger vessels berthing at the east side 
of Pier 2 extends slightly into the canoe race course buffer area and Fishing Area 2 
(Figure 6-6); this reduces the available area for these activities but does not completely 
eliminate the recreational resource. 

MANAGEMENT MEASURES. None. 
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6.16 EVALUATION OF IMPACTS UNDER SECTION 4(F) OF 
USDOT ACT OF 1966 
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As described in Section 1.8.3, federal law (49 U.S.C. 303) requires a “special effort” 
to limit or avoid impacts of transportation projects on public open lands, recreation 
areas, wildlife refuges and historic sites, as follows: 

It is the policy of the U.S. government that special effort should be 
made to preserve the natural beauty of the countryside and public 
park and recreation lands, wildlife and waterfowl refuges, and 
historic sites. 

The Secretary of[T]ransportation shall cooperate and consult with 
the Secretaries of the Interior, Housing and Urban Development, 
and Agriculture, and with the States, in developing transportation 
plans and programs that include measures to maintain or enhance 
the natural beauty of lands crossed by transportation activities or 
facilities....  the Secretary may approve a transportation program or 
project … requiring the use of publicly owned land of a public park, 
recreation area, or wildlife and waterfowl refuge of national, State, 
or local significance (as determined by the Federal, State or local 
officials having jurisdiction over the park, area, refuge or site) only 
if –  

1. There is no prudent and feasible alternative to using that land; 
and  

2. The program or project includes all possible planning to 
minimize harm to the park, recreation area, wildlife and water-
fowl refuge, or historic site resulting from the use. 

The Kahului 2030 Master Plan has been described in the preceding sections. Impacts, 
including impacts on recreation activities, have been analyzed. This section discusses 
the Master Plan as a project subject to Section 4(f) and recasts the impact analysis in 
terms of this federal law.  

6.16.1 Application of Section 4(f) 
Kahului Commercial Harbor includes two breakwaters built to create a safe 
environment for commercial shipping and the area between them. The submerged land 
in the harbor was acquired by the Hawai‘i DOT for commercial harbor use. While 
Kahului Harbor is operated as a commercial harbor, the State DOT has worked with 
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the State DLNR, which owns the small boat ramp area on the West Breakwater, and 
with local recreational groups to allow recreational activity within the harbor waters. 
Accordingly, Kahului Harbor can be considered a public recreation area. The West 
Breakwater was named by the County of Maui “Kahului Harbor Park.” However, the 
County did not maintain it as a recreation area and has accepted the reversion of the 
property to the State. Hence the DOT land on the breakwater is no longer considered a 
recreation area.  
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6.16.1.1 Discussion of Alternatives Relative to 4(f) Evaluation 

Alternatives A and B described in Chapter 4 meet the purpose and need of this EIS, to 
meet the anticipated demand for commercial harbor facilities to support the existing 
and projected Maui economy to 2030. These alternatives are accordingly considered 
to be prudent and feasible. The No Action Alternative does not support anticipated 
commercial harbor demand. The long-term alternatives discussed in Section 4.6 are 
also excluded, on grounds of cost and environmental impact 

If harbor improvements are not made, Maui would likely still see increasing cargo and 
passenger volumes. Congestion at the harbor would be greater than with 
improvements. As a result, the time commercial vessels spend within the harbor – and 
hence the time in which recreational use of the harbor area is restricted – would be 
greater without improvements than with them.  

The significance of the harbor as a recreational area can be considered for each major 
recreational use: 

FISHING (FROM SHORE, BREAKWATERS, AND IN NEAR-SHORE WATERS). The state 
has identified the Kahului Commercial Harbor as a regulated fishing area, with three 
sections subject to regulation (Figures 6-2A and 6-2B). Area 1 has been closed due to 
security restrictions. Area 2 (on the west side of Pier 2) would be affected by the 
proposed fill on that side of Pier 2, which would cover the current regulated fishing 
area. Part of Area 3 near the inside of the West Breakwater could be restricted due to 
security concerns. Part of Area 3 runs along the section of the West Breakwater owned 
by the DLNR. That area is not affected by the proposed Master Plan projects. 

Fishing is done from shore along Hoaloha Beach and outside the harbor area. The 
harbor stands out as an area where schooling fish such as akule are found, unlike the 
rest of the coastline, and can be considered a unique fishing resource. 

The proposed harbor development would restrict the area in which fishing is allowed. 
Since akule fishing has been found mainly in Area 1, which is already closed for 
security reasons, and since other areas near the harbor are still available for fishermen, 
the 2030 plan does not have a significant impact on fishing in and around Kahului. 
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RECREATIONAL BOATING. The recreational boat ramp on the West Breakwater is the 
only small boat facility on the north coast of Maui and the only ramp in Wailuku-
Kahului urban area. Currently, boats and other recreational vessels are restricted from 
the turning basin area when commercial vessels enter or leave the harbor. Under the 
2030 plan, the frequency of commercial visits is expected to rise and the dredged 
turning basin would increase in size, but the small boat area and the channel dredged 
for small boats would not be affected by the plan. 
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CANOE PADDLING. The harbor is a much-used practice and recreation area for 
paddlers. Like boaters, they must clear the turning basin when commercial vessels are 
moving within the harbor. With the expected increase in shipping to and from Maui, 
this restriction would apply more often. 

As the most frequently used canoe regatta course on the north shore of Maui, the 
Kahului Commercial Harbor race area can be considered a significant resource for 
canoe paddling regattas. As shown in Figures 6-2A and 6-3, the course has been 
established close to Pier 2. The pier restricts the buffer area to the east of the outer 
lanes to less than the 50 foot (16 m) width preferred by the local canoe clubs. 

The proposed extension of Pier 2 under Alternative A would limit the size of the buffer 
area and would affect the starting area of some outer lanes. The docking of ferries at 
Pier 2 under Alternative B would further limit the size of the buffer area and restrict 
use of the course while the vessels are in harbor. Also, it is likely that some of the 
outer lanes would be over the expanded turning basin. Those lanes would not be 
available for use while commercial vessels enter and leave the harbor. 

SURFING. Surfing occurs at several sites along the north coast of Maui, in addition to 
such famous sites as Mā‘alaea on the south coast. Kahului Commercial Harbor offers 
winter surf breaks that are easily accessible from the beach or the West Breakwater 
Harbor area. While Kahului Commercial Harbor is not considered unique as a surfing 
resource since other winter breaks exist on Maui’s north coast, the harbor offers both 
winter breaks and surf opportunities near a beach and parking in an area convenient to 
current and future population centers. 

Both Alternative A and Alternative B depend on increasing the dredged area within the 
turning basin. With the enlarged dredge area, most of the recognized surf breaks in 
Kahului Commercial Harbor would likely no longer exist. Instead, new surf breaks 
would likely be created at the new dredge limit, closer to the shore. The quality of the 
breaks cannot be forecast. Because of their location, the rides could be shorter than 
those from the current surf breaks. Breaks at the new dredge limit may provide waves 
appropriate for young surfers to learn skills, but this is by no means certain. 
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6.16.1.2 Discussion of Mitigation Measures Relative to 4(f) Evaluation 1 
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Based on the information in this EIS, the 2030 Master Plan could involve significant 
impacts to two recreational uses: canoe paddling and surfing. The Master Plan 
alternatives do not limit small boat activity or significantly limit fishing resources. 

CANOE PADDLING. Impacts on canoe regattas could be minimized through 
collaboration between DOT and canoe regatta planners. Mitigation could involve 
using the current race course and cooperatively developing procedures to maintain 
distance between canoes and commercial vessels when the latter are moving into and 
out of the harbor. Eventually, DOT and regatta planners may find it appropriate to 
move the course further north within the harbor. That move would not be desirable 
under current conditions, but could be feasible when new breakwaters are constructed 
to help calm waters throughout the harbor area. 

SURFING. Mitigation of the impact on surfing poses a greater challenge. One way to 
mitigate loss of a resource is to replace it at a nearby location. New surf breaks might 
be created through dredging elsewhere. However, suitable replacement locations have 
not been identified. To the west of the harbor lies Paukūkalo (“Hata Bay”). The coast 
is rocky and visited mainly by fishermen and beachcombers.11 It is sometimes 
possible to surf offshore, but rip and shore currents can be strong. To the east of 
Kahului Commercial Harbor is the Kanahā area. Kanahā Pond is a wildfowl refuge. 
Changes to offshore conditions must be evaluated in light of potential effects on the 
refuge and its inhabitants. Further east is Kanahā Beach Park. The area offers a sand 
beach and calm swimming areas located near shore. At Paukakalo, a new site could 
simply replace existing breaks. At Kanahā, the impact of a new break on existing 
resources—the refuge and beach—would need to be closely analyzed before any such 
mitigation is proposed.  

Mitigation of the impact on surfing is viewed here as impractical not just because of 
cost but because Maui has no empty but convenient site where experimental 
mitigations could be attempted without harm to important resources. 

6.16.1.3 Interagency Coordination 

The Maritime Administration is sending a coordination letter with this Draft 
Environmental Impact Statement, requesting comments and concurrence, to: 

• Secretary, U.S. Department of Agriculture 

• Secretary, U.S. Department of Housing and Urban Development 

 
11  This and subsequent characterizations derive from J. Clark, The Beaches of Maui County (Honolulu, HI: 1980) and 

consultation with the author. 
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• Secretary, U.S. Department of the Interior 1 
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• Director, Department of Land and Natural Resources, State of Hawai‘i 

• Director, Department of Transportation, State of Hawai‘i 

Responses from the coordinating agencies will be included in the Final Environmental 
Impact Statement. 

6.17 DISCUSSION OF SIGNIFICANCE CRITERIA 

HAR, Section 11-200-12, establishes thirteen (13) significance criteria which agencies 
shall use in evaluating an action’s impacts. Following is a discussion of how the 
proposed action relates to the thirteen criteria. 

Pursuant to subparagraph 12, ...an action shall be determined to have a significant 
effect on the environment if it: 

(1) Involves an irrevocable commitment to loss or destruction of any natural or 
cultural resource; 

DISCUSSION. Loss of marine resources may occur as a result of dredging and 
filling activities within the commercial harbor. Consultation with USFWS, 
NMFS, and DLNR, which will include natural resource surveys, will identify 
areas with protected species and ways to avoid and/or mitigate impacts to those 
resources. Impacts to cultural resources, such as cultural use of the harbor, will 
be managed and/or mitigated through coordination with appropriate parties and 
agencies. 

(2) Curtails the range of beneficial uses of the environment; 

DISCUSSION. Impacts to recreational activities in the bay, such as surfing and 
canoe paddling, may occur as well as impacts to coral and other marine 
resources. Consultation with recreational users and applicable federal and state 
agencies is being conducted as part of the EIS process.  

(3) Conflicts with the state’s long-term environmental policies or goals and 
guidelines as expressed in Chapter 344, HRS, and any revisions thereof and 
amendments thereto, court decisions, or executive orders; 

DISCUSSION. The stated purpose of Chapter 344 is to establish a state policy 
which will encourage productive and enjoyable harmony between people and 
their environment, promote efforts which will prevent or eliminate damage to 
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the environment and biosphere and stimulate the health and welfare of 
humanity, and enrich the understanding of the ecological systems and natural 
resources important to the people of Hawai‘i. The proposed project would 
comply with the policies, goals, and guidelines of Chapter 344. 
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(4) Substantially affects the economic or social welfare of the community or State; 

DISCUSSION. By improving the means to transport goods and services to and 
from Maui, the proposed action will have a substantial beneficial effect on the 
economic and social welfare of the community. 

(5) Substantially affects public health; 

DISCUSSION. No significant effects on public health are anticipated. DOT 
Harbors intends to construct and operate the harbor improvements in 
compliance with all applicable rules, regulations, and laws. 

(6) Involves substantial secondary impacts such as population changes or effects on 
public facilities; 

DISCUSSION. Significant secondary impacts are not expected. The proposed 
harbor improvements would be in response to anticipated population growth; 
they are not expected to induce growth. 

(7) Involves a substantial degradation of environmental quality; 

DISCUSSION. Impacts to environmental quality from construction activities are 
expected to be short-term and temporary. No long-term impacts to 
environmental quality are anticipated.  

(8) Is individually limited but cumulatively has considerable effect upon the 
environment or involves a commitment for larger actions; 

DISCUSSION. With one or two exceptions, mitigation measures would minimize 
or avoid short-term and long-term adverse effects of the harbor improvements. 
The improvements represent a major commitment by DOT Harbors to meet the 
shipping and transportation needs of the island of Maui.  

(9) Substantially affects air or water quality or ambient noise levels; 

DISCUSSION. Construction-related impacts to air and water quality would be 
temporary and minimized through the implementation of BMPs. Construction-
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related noise is not likely to impact ambient noise levels, as the proposed project 
is in an industrial area.   
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(10) Affects or is likely to suffer damage by being located in an environmentally 
sensitive area such as a flood plain, tsunami zone, beach, erosion-prone area, 
geologically hazardous land, estuary, fresh water, or coastal waters; 

DISCUSSION. The project is located in a flood plain, tsunami zone, and coastal 
waters. Impacts to physical conditions in the harbor associated with dredging 
and breakwater construction activities are expected to be tempered by the 
construction of a breakwater extension to reduce surge within the harbor, and 
further evaluation will be undertaken to determine the best configuration of 
breakwaters and dredge limits. Impacts to environmentally sensitive areas will 
be taken into consideration during the design.  

(11) Substantially affects scenic vistas and viewplanes identified in county or state 
plans or studies; or, 

DISCUSSION. The project is in a heavily industrialized commercial harbor area 
with no important scenic vistas.  

(12) Requires substantial energy consumption. 

DISCUSSION. Improvements to commercial harbor facilities will likely require 
additional energy consumption but it is not expected to be substantial or out of 
line with projected population and economic growth. 

6.18 CONSISTENCY WITH STATE AND COUNTY LAND 
USE DESIGNATIONS AND CONTROLS 

The majority of the Kahului Commercial Harbor lands are situated within the State 
Urban District and are zoned Industrial by the County of Maui. The Urban District 
generally includes lands characterized by “city-like” concentrations of people, 
structures and services. This district also includes vacant areas for future 
development.12 Jurisdiction of this district lies with Maui County.  

Two parcels immediately to the south of Kahului Commercial Harbor are also 
included in this analysis. These parcels (3-7-10:001 and 036) were purchased by DOT 
Harbors from A&B Properties in December 2007, and an environmental assessment 

 
12  State of Hawai‘i Land Use Commission website. Urban District definition. 

http://luc.state.hi.us/about.htm#URBAN%20DISTRICT. Accessed May 4, 2007. 
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for the acquisition of these parcels by the DOT was completed in 2006. The former 
A&B Properties’ parcels are in the Urban District and are zoned Industrial by the 
County of Maui. 
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The West Breakwater Harbor area is nearly all in the Conservation District-Resource 
Subzone.13 Conservation Districts are administered by the State Board of Land and 
Natural Resources, and uses are governed by rules promulgated by the State DLNR.14 
The objective of the Resource Subzone is to develop, with proper management, areas 
to ensure sustained use of the natural resources of those areas. Land uses permitted in 
the Resources Subzone (requiring a Conservation District Use permit) include those 
undertaken by the State or County (such as transportation services) to fulfill a 
mandated governmental function, activity, or service for public benefit in accordance 
with public policy and the purpose of the Conservation District. The Board of Land 
and Natural Resources set aside the West Breakwater Harbor area outside the DLNR 
area for commercial harbor purposes in its meeting on September 24, 2006. 

The harbor is located within the Special Management Area (SMA) and is within the 
Wailuku-Kahului Community Plan area. Development in geographically-designated 
SMAs is regulated through Maui County’s SMA permit system. DOT Harbors is 
exempt from County permitting requirements, including the SMA permit and 
county zoning requirements, pursuant to the Hawai‘i Revised Statutes Chapter 
266-2(b).15 The Wailuku-Kahului Community Plan provides specific 
recommendations to address the Maui County General Plan’s goals, objectives, and 
policies. The General Plan was adopted in 1980 and updated in 1990, and a draft 2030 
General Plan was released in 2007. Both the General Plan and the Community Plan 
are part of a planning hierarchy which includes the Hawai‘i State Plan and State 
Functional Plans. The 1990 Community Plan recognizes Kahului Commercial Harbor 
as an important center of economic activity. It has identified the lack of capacity at the 
harbor as a major problem for the region, and has recognized expansion of existing 
industrial centers associated with the harbor as an economic goal. However, the West 
Breakwater is identified for eventual park development in the Community Plan. Since 
the Community Plan was adopted, Maui County has agreed to the reversion of most of 
the West Breakwater land to the State for maritime use.  

 
13  Maui County zoning maps show a narrow slice of the West Breakwater, along Kahului Beach Road, as zoned 

Residential (personal communication, Francis Cerizo, Maui County Planning Department, December 2007). 
14  State of Hawai‘i Land Use Commission website. Conservation District definition. 

luc.state.hi.us/about.htm#CONSERVATION%20DISTRICT. Accessed May 4, 2007. 
15  HRS 266-2(b) states “Notwithstanding any law or provision to the contrary, the department of transportation is 

authorized to plan, construct, operate, and maintain any commercial harbor facility in the State, including, but not 
limited to, the acquisition and use of lands necessary to stockpile dredged spoils, without the approval of county 
agencies.” 
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Council on Environmental Quality (CEQ) regulations implementing National 
Environmental Policy Act (NEPA) require that the cumulative impacts of a proposed 
action be assessed (40 Code of Federal Regulations (CFR) 1500-1508). A cumulative 
impact is defined at 40 CFR 1508.7 as an “impact on the environment which results 
from the incremental impact of the action when added to other past, present, and 
reasonably foreseeable future actions.” Chapter 343 HRS also requires cumulative 
impact analysis. Cumulative impacts are discussed separately from sections describing 
impacts for each resource area because the cumulative regions of influence may differ 
than those for direct and indirect impacts. Because of this difference, this EIS may 
identify significant direct impacts for a particular resource area and may not identify 
significant cumulative impacts for the same resource.  

Resource areas for which cumulative impacts have been identified are air quality, 
marine biota, socio-economic environment, traffic, and recreation. 

6.19.1 Other Projects Considered for Cumulative Impacts 
Other past, present, or reasonably foreseeable projects which have been included in 
the evaluation of cumulative impacts from the proposed harbor improvements include:  

• Harbor improvements identified in the Final Environmental Assessment and 
Finding of No Significant Impact 2025 Master Plan Improvements Kahului 
Commercial Harbor; 

• Kahului Town Center Strategic Master Plan; 

• Plans for residential expansion of subdivisions in and around Kahului; and 

• Improvements and development activities at other DOT-managed harbors 
around the state. 

6.19.2 Cumulative Impacts by Resource 

6.19.2.1 Air Quality 

Cumulative impacts to air quality are not expected to be significant. 

Increases in ship traffic, cargo movement, and vehicle numbers, and the increased 
emission of air pollutants from burning fossil fuels associated with these activities, are 
expected regardless of whether the proposed harbor improvements occur. Population 
increases anticipated for Maui Island through the 2030 planning horizon would likely 
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contribute to increased burning of fossil fuels for transportation and energy generation 
which would contribute to cumulative air quality impacts. State law directs agencies to 
increase use of renewable fuels through such laws as the Alternative Fuel Program 
Support (HRS Chpater 196A), which directs the state to provide 20 percent of 
highway fuel use through alternative fuels by the year 2020. These types of programs, 
if successfully implemented along with more widespread use of non-fossil fuel based 
energy sources, may reduce or slow the increase in the amount of air pollutants 
emitted in Hawai‘i. However, even with increased fossil fuel combustion, it is 
anticipated that the county and state would remain in compliance with NAAQS and 
State AAQS.  
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According to the EPA transportation and air quality website,16 in May 2004, as part of 
the Clean Air Nonroad Diesel Rule, EPA finalized new requirements for nonroad 
diesel fuel that will decrease the allowable levels of sulfur in fuel used in marine 
vessels by 99 percent. These fuel improvements, which began to take effect in 2007, 
were intended to create immediate and significant environmental and public health 
benefits by reducing particulate matter from non-road diesel engines such as marine 
vessels and construction equipment. 

In March 2007, EPA proposed a new emission control program to reduce emissions 
from all types of marine diesel engines below 30 liters per cylinder displacement. 
These include marine propulsion engines used on vessels from recreational and small 
fishing boats to yachts, tugs, and Great Lake freighters, and marine auxiliary engines 
ranging from small generator sets to large generators on ocean-going vessels. The 
proposal aims to cut particulate matter emissions from these engines by 90 percent and 
nitrogen oxides emissions by 80 percent. 

6.19.2.2 Marine Biota 

Cumulative losses of live coral around Maui in the 2030 planning horizon may be 
significant due to factors not directly related to harbor development. According to 
coral surveys conducted by the State DLNR Division of Aquatic Resources (DAR), 
mean coral cover in 2006 at nine monitoring locations around Maui declined by 
approximately 25 percent from 1999.17 Reasons for coral decline cited by the DAR 
study include invasive algae, elevated nutrient levels, increased sedimentation, 
chemical runoff, and other pollution. Other environmental factors such as change in 
sea temperature, strong coastal storms, and large waves may also contribute to loss of 
coral habitat. 

 
16  U.S. Environmental Protection Agency. www.epa.gov/otaq/marine.htm. Accessed November 21, 2007. 
17  Hawai‘i DLNR, Division of Aquatic Resources. Status of Maui’s Coral Reefs. 

www.hawaii.gov/dlnr/dar/pubs/MauiReefDeclines.pdf. Accessed August 20, 2007. 
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Impacts to coral from dredging activities associated with the proposed action would be 
localized and represent an estimated loss of approximately 22 percent of the coral 
substrate in Kahului Commercial Harbor, or approximately 21 acres (8.5 ha) of the 
estimated 97 acres (39.3 ha) of existing coral dredged. However, over the long-term, 
construction of breakwater extensions may provide additional substrate which could 
contribute to increased coral settlement in and around the harbor. In addition, when 
possible, DOT Harbors will design new pier areas using piling-type structures versus 
bulkhead and fill structures to maintain marine habitat underneath the piers. Final 
determination of construction methods would be made during pier design. 
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6.19.2.3 Socio-economic Environment 

As long-term socio-economic analysis takes general socio-economic conditions into 
account, the discussion in Section 6.9 identifies cumulative socio-economic impacts of 
the proposed action along with direct impacts. Increased economic throughput and 
transportation job growth are examples of cumulative impacts discussed in Section 
6.9. 

6.19.2.4 Traffic 

As the nature of long-term traffic impact analysis takes into account contributions of 
multiple sources of traffic, the discussion in Section 6.10 identifies cumulative traffic 
impacts associated with the proposed action. Decreased LOS associated with 
commercial development around the harbor is one example of cumulative impacts 
discussed in Section 6.10. 

6.19.2.5 Recreational Resources 

Cumulative impacts to recreational resources associated with the proposed action 
would largely be restricted to impacts on recreational fishing and associated with 
potential future restrictions on the type and amount of recreational catches. As noted 
earlier, reduced availability of surf sites in Kahului Commercial Harbor could lead to 
increased demand at other surf sites. Population growth would likely also lead to 
increases in the surfing population and hence increased use of surf sites. Past, present, 
and reasonably foreseeable projects in addition to the proposed action would not likely 
impact canoe paddling or swimming. (With population growth, increasing 
participation in paddling and swimming can be anticipated. Sites for these activities 
within Kahului Commercial Harbor would not be substantially affected.) Cumulative 
impacts to fishing are not likely to be significant. 
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6.20 SECONDARY IMPACTS 1 
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The harbor improvements proposed under the 2030 Master Plan would not increase 
the volume of commercial harbor traffic; however, increasing the area of the turning 
basin could accommodate larger ships. 

Secondary impacts from the proposed improvements could include the following: 

• Sedimentation from construction activities exiting the harbor and contributing 
to water quality concerns in a remote location. Implementation of BMPs and 
the natural effect of sediment dispersal by waves would reduce the potential 
for this secondary impact. 

• Potential for invasive coral species to recolonize dredged harbor bottom land. 

• Reduced surge in the harbor could change the nature of recreation activities 
from wave-tolerant activities such as surfing and outrigger canoe paddling to 
more calm-water activities such as kayaking. 

• Loss of surf sites and fishing areas in the harbor could lead to increased 
demand on those resources in other areas of Maui. 

• Secondary socio-economic impacts could include increased economic 
stimulus from the creation of construction jobs and the purchase of materials 
to construct the product. 

• Changes to the location of cruise and ferry passenger debarking could alter 
which retail users are visited by passengers. 

6.21 RELATIONSHIPS BETWEEN SHORT-TERM USES 
AND LONG-TERM PRODUCTIVITY 

NEPA requires that an EIS consider the relationship between short-term uses of the 
environment and the impacts that these uses could have on the maintenance and 
enhancement of long-term productivity of the affected environment. This section 
compares the short- and long-term environmental effects of the Proposed Action. 

Short-term impacts would result from construction activities on land and in the waters 
of the harbor. Short-term construction-related traffic, noise, air quality, and water 
quality impacts described in this document would not be significant because 
management measures such as noise-attenuation measures, dust control, and water 
quality Best Management Practices described in Chapter 2 would be implemented to 
minimize impacts.  
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Long-term impacts would result from removal of existing coral resources by dredging 
and filling, and changes to the wave climate and bathymetry within the harbor which 
currently supports surfing during certain conditions. The long-term productivity of 
Kahului Commercial Harbor would be greatly increased over its present condition, 
including the potential to avert operational congestion which could lead to socio-
economic impacts for Maui. 
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6.22 IRREVERSIBLE AND IRRETRIEVABLE 
COMMITMENTS OF RESOURCES BY THE PROPOSED 
ACTION 

A commitment of resources is considered irreversible when it precludes restoration of 
those resources to their pre-project condition. Use, consumption, destruction, or 
degradation of resources resulting from implementation of the proposed project, such 
that the resource cannot be retrieved or replaced in any form, is considered an 
irretrievable commitment of resources. Most resource commitments for the Proposed 
Action are temporary, and would only occur during construction. Irreversible and 
irretrievable commitments include:  

• construction materials; 

• soil and sediment that may be excavated and disposed; 

• available space in a construction and demolition landfill; 

• money; 

• manpower; and  

• energy in the form of direct consumption of fossil fuel for vehicles. 

Natural or cultural resources which may be irrevocably lost include recreational 
surfing resources and a section of Hoaloha Beach near Pier 2. Other resources which 
may be impacted, such as coral reef or canoe paddling resources may be retrieved or 
replaced in other locations, and are therefore not irrevocably lost. 

6.23 PROBABLE ADVERSE ENVIRONMENTAL IMPACTS 
WHICH ARE UNAVOIDABLE 

The proposed development activities, including dredging and breakwater construction 
at Kahului Commercial Harbor, would result in certain unavoidable environmental 
impacts as outlined in the resource impact sections of Chapter 6.  
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Construction associated with the proposed development would generate short-term 
noise, fugitive dust, and increased siltation. These impacts would be limited to the 
immediate vicinity of the construction areas and would be managed through 
construction management measures identified in Chapter 2.  
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Dredging and breakwater construction activities will eliminate approximately 22 
percent of coral reef coverage within the commercial harbor as identified in Section 
6.4. Mitigation measures under consideration include construction BMPs to limit 
impacts of turbidity and siltation on remaining coral resources and evaluation of the 
potential for transplanting coral which may be impacted.  

Dredging and breakwater development activities will eliminate some surf sites along 
the existing dredge limit in the harbor. New surf sites closer to the shoreline may be 
created by dredging activities. 
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hours are from 7:45 a.m. to 4:15 p.m., 
Monday through Friday, except Federal 
holidays. 
SUPPLEMENTARY INFORMATION: 

Title: Transportation, Community, 
and System Preservation Program Grant 
Application. Transportation Planning 
Excellence Awards Nomination Form. 

Background: Transportation, 
Community, and System Preservation 
Program Grant. 

Application: Section 1117 of the Safe, 
Accountable, Flexible, Efficient 
Transportation Equity Act: A Legacy for 
Users (SAFETEA–LU) provides funding 
for the Transportation, Community, and 
System Preservation (TCSP) Program. 
The TCSP Program is a comprehensive 
initiative of research and grants to 
investigate the relationships between 
transportation, community, and system 
preservation plans and practices and 
identify sector-based initiatives to 
improve such relationships. States, 
metropolitan planning organizations, 
local governments, and tribal 
governments are eligible for 
discretionary grants to carry out eligible 
projects to integrate transportation, 
community, and system preservation 
plans and practices that: 

• Improve the efficiency of the 
transportation system of the United 
States. 

• Reduce environmental impacts of 
transportation. 

• Reduce the need for costly future 
public infrastructure investments. 

• Ensure efficient access to jobs, 
services, and centers of trade. 

• Examine community development 
patterns and identify strategies to 
encourage private sector development 
patterns and investments that support 
these goals. 

The 2-page TCSP grant application is 
the tool used to collect the necessary 
information needed to successfully 

submit eligible TCSP Program projects 
to the Secretary of Transportation for 
approval and for the distribution of the 
funds to the States. The TCSP grant 
application includes three parts: (A) 
Project Information—General contact 
and funding information, (B) Project 
Abstract—Overview of the purpose and 
intent of project, and (C) Project 
Narrative—Description of the project 
and the expected results. 

The TCSP Program is a discretionary 
program. However, beginning in FY 
2000, the projects awarded TCSP 
Program funding have been designated 
by Congress. In order to comply with 
Congressional-designation, the Federal 
Highway Administration (FHWA) 
Division offices will continue to be 
asked to identify the intended recipient 
of the TCSP designated grant. The 
specified grant recipient would then be 
asked to complete the grant application 
each fiscal year that they receive TCSP 
funding. The participants will have a 
choice of providing their information by 
means of the Internet or a printed 
application. 

Transportation Planning Excellence 
Awards Nomination Form: The 
Transportation Planning Excellence 
Awards (TPEA) program is a biennial 
awards program developed by the 
FHWA and the Federal Transit 
Administration (FTA) to recognize 
outstanding initiatives across the 
country to develop, plan and implement 
innovative transportation planning 
practices. The program is co-sponsored 
by the American Planning Association. 

The on-line TPEA nomination form is 
the tool for submitters to nominate a 
process, group, or individual involved 
in a project or process that has used the 
FHWA and/or the FTA funding sources 
to make an outstanding contribution to 
the field of transportation planning. The 
information about the process, group or 
individual provided by the submitter 
may be shared and published if that 
submission is selected for an award. 

The TPEA is a biennial awards 
program and individuals will be asked 
to submit nominations via the online 
form every two years. The participants 
will provide their information by means 
of the Internet. 

Respondents: For the TCSP Program, 
100 participants annually. For the 
TPEA, 150 participants in the first and 
third year, because it is a biennial 
program. 

Frequency: For the TCSP Program, 
grant applications are solicited on an 
annual basis. For the TPEA, 
nominations are solicited every two 
years. 

Estimated Average Burden per 
Response: For the TCSP Program, 90 

minutes. For the TPEA Program, 
approximately 60 minutes. 

Estimated Total Annual Burden 
Hours: For the TCSP Program, 150 hours 
annually. For the TPEA, 150 hours in 
the first year and 150 hours in the third 
year. 

Public Comments Invited: You are 
asked to comment on any aspect of this 
information collection, including: (1) 
Whether the proposed collection is 
necessary for the FHWA’s performance; 
(2) the accuracy of the estimated 
burdens; (3) ways for the FHWA to 
enhance the quality, usefulness, and 
clarity of the collected information; and 
(4) ways that the burden could be 
minimized, including the use of 
electronic technology, without reducing 
the quality of the collected information. 
The agency will summarize and/or 
include your comments in the request 
for OMB’s clearance of this information 
collection. 

Authority: The Paperwork Reduction Act 
of 1995; 44 U.S.C. Chapter 35, as amended; 
and 49 CFR 1.48. 

Issued On: October 26, 2006. 
James R. Kabel, 
Chief, Management Programs and Analysis 
Division. 
[FR Doc. E6–18511 Filed 11–2–06; 8:45 am] 
BILLING CODE 4910–22–P 

DEPARTMENT OF TRANSPORTATION 

Maritime Administration 

[DOCKET NO: MARAD–2006–26228] 

Intent To Prepare an Environmental 
Impact Statement (EIS) 

AGENCY: Department of Transportation, 
Maritime Administration. 
ACTION: Notice of the intent to prepare 
an Environmental Impact Statement 
(EIS) for the update of the Kahului 
Harbor, Maui County, HI Master Plan. 

SUMMARY: The purpose of this Notice is 
to announce the Maritime 
Administration’s (MARAD) intent to 
prepare an Environmental Impact 
Statement (EIS) for improvements to 
Kahului Harbor, Maui County, needed 
to address the community’s needs for 
commercial harbor facilities through 
2030. This notice is issued in 
compliance with the National 
Environmental Policy Act (NEPA) and 
implementing regulations for the 
following purposes: (1) To advise other 
agencies and the public of the Agency’s 
intentions; (2) to obtain suggestions and 
information on the issues related to the 
proposed project to be addressed in the 
EIS; and (3) to announce a public 
scoping meeting. 
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DATES: The public scoping meeting will 
be held on November 13, 2006, at 
Liihikai School, 335 South Papa 
Avenue, Kahului, HI 96732 from 6:30 
p.m. to 9 p.m. 

Written comments on environmental 
issues and concerns that should be 
addressed in the EIS are encouraged, 
and must be electronically submitted or 
postmarked by November 30, 2006. 
ADDRESSES: You may submit comments 
[identified by DOT DMS Docket Number 
MARAD–2006–26228] by any of the 
following methods: 

• Web site: http://dms.dot.gov. 
Follow the instructions for submitting 
comments on the DOT electronic docket 
site. 

• Mail: Docket Management Facility; 
U.S. Department of Transportation, 400 
7th St., SW., Nassif Building, Room PL– 
401, Washington, DC 20590–001. 

• Hand Delivery: Room PL–401 on 
the plaza level of the Nassif Building, 
400 7th St., SW., Washington, DC, 
between 9 a.m. and 5 p.m., Monday 
through Friday, except Federal 
Holidays. 

Instructions: All submissions must 
include the Agency name and docket 
number for this action. Note that all 
comments received will be posted 
without change to http://dms.dot.gov 
including any personal information 
provided. Please see the Privacy Act 
heading below. 

Docket: For access to the docket to 
read background documents or 
comments received, go to http:// 
dms.dot.gov at any time or to Room PL– 
401 on the plaza level of the Nassif 
Building, 400 7th St., SW., Washington, 
DC, between 9 a.m. and 5 p.m., Monday 
through Friday, except Federal 
Holidays. 
FOR FURTHER INFORMATION CONTACT: 
Maggie D. Blum, Associate 
Administrator for Port, Intermodal, and 
Environmental Activities, U.S. Maritime 
Administration, 400 Seventh Street, 
SW., Washington, DC 20590, e-mail 
envmarad@dot.gov. 
SUPPLEMENTARY INFORMATION: The 
Hawaii State Department of 
Transportation (HI DOT) has previously 
conducted planning for Kahului Harbor, 
leading to a 2025 Master Plan and 
Environmental Assessment. However, 
demand for harbor facilities has been 
much greater than anticipated, and 
space for current operations is very 
tight. The 2025 Master Plan called for 
development of new pier and harbor 
space at the west breakwater of the 
harbor. HI DOT has begun a new master 
planning process, which will lead to a 
new set of alternatives to meet current 
and future harbor needs. The west 

breakwater expansion and other steps to 
help assure that the harbor supports the 
continuing prosperity and quality of life 
of Maui County are under consideration. 

The EIS will address the following 
issues: (1) Demand for additional space 
and facilities at Kahului; (2) 
organization of harbor space and 
facilities to promote and preserve 
orderly cargo operations, passenger 
operations, and recreational activity; (3) 
environmental impacts of any proposed 
alternatives; and (4) additional issues 
that may emerge from the scoping 
process. 

An electronic version of this 
document and all documents entered 
into this docket including comments are 
available at http://dms.dot.gov. 

Privacy Act 
Anyone is able to search the 

electronic form of all comments 
received into any of our dockets by the 
name of the individual submitting the 
comment (or signing the comment, if 
submitted on behalf of an association, 
business, labor union, etc.). You may 
review DOT’s complete Privacy Act 
Statement in the Federal Register 
published on April 11, 2000 (Volume 
65, Number 70; Pages 19477–78) or you 
may visit http://dms.dot.gov. 
(Authority: 49 C.F.R. 1.66) 

Dated: October 27, 2006. 
By order of the Maritime Administrator. 

Joel C. Richard, 
Secretary, Maritime Administration. 
[FR Doc. E6–18512 Filed 11–2–06; 8:45 am] 
BILLING CODE 4910–81–P 

DEPARTMENT OF TRANSPORTATION 

National Highway Traffic Safety 
Administration 

[Docket No. NHTSA–2003–14628] 

Decision That Nonconforming 1996 
and 1997 Lamborghini Diablo Coupe 
and Roadster Passenger Cars Are 
Eligible for Importation 

AGENCY: National Highway Traffic 
Safety Administration, DOT. 
ACTION: Notice of decision by the 
National Highway Traffic Safety 
Administration that nonconforming 
1996 and 1997 Lamborghini Diablo 
Coupe and Roadster passenger cars are 
eligible for importation. 

SUMMARY: This notice announces the 
decision by NHTSA that 1996 and 1997 
Lamborghini Diablo Coupe and Roadster 
passenger cars not originally 
manufactured to comply with all 
applicable Federal motor vehicle safety 

standards (FMVSS) are eligible for 
importation into the United States. 1997 
Lamborghini Diablo Coupe passenger 
cars are eligible for importation because 
they have safety features that comply 
with, or are capable of being altered to 
comply with, all applicable FMVSS. 
1996 Lamborghini Diablo Coupe and 
Roadster passenger cars, and 1997 
Lamborghini Diablo Roadster passenger 
cars, are eligible for importation because 
they are substantially similar to vehicles 
originally manufactured for importation 
into and sale in the United States and 
certified by their manufacturer as 
complying with the safety standards 
(the U.S.-certified versions of the 1996 
Lamborghini Diablo Coupe and Roadster 
and the 1997 Lamborghini Diablo 
Roadster), and are capable of being 
readily altered to conform to the 
standards. 
DATES: This decision was effective 
December 19, 2003. The agency notified 
the petitioner at that time that the 
subject vehicles are eligible for 
importation. This document provides 
public notice of the eligibility decision. 
FOR FURTHER INFORMATION CONTACT: 
Coleman Sachs, Office of Vehicle Safety 
Compliance, NHTSA (202–366–3151). 
SUPPLEMENTARY INFORMATION: 

Background 
Under 49 U.S.C. 30141(a)(1)(A), a 

motor vehicle that was not originally 
manufactured to conform to all 
applicable FMVSS shall be refused 
admission into the United States unless 
NHTSA has decided that the vehicle is 
substantially similar to a motor vehicle 
originally manufactured for importation 
into and sale in the United States, 
certified under 49 U.S.C. 30115, and of 
the same model year as the model of the 
motor vehicle to be compared, and is 
capable of being readily altered to 
conform to all applicable FMVSS. 

Where there is no substantially 
similar U.S.-certified motor vehicle, 49 
U.S.C. 30141(a)(1)(B) permits a 
nonconforming motor vehicle to be 
admitted into the United States if its 
safety features comply with, or are 
capable of being altered to comply with, 
all applicable FMVSS based on 
destructive test data or such other 
evidence that NHTSA decides to be 
adequate. 

Petitions for eligibility decisions may 
be submitted by either manufacturers or 
importers who have registered with 
NHTSA pursuant to 49 CFR part 592. As 
specified in 49 CFR 593.7, NHTSA 
publishes notice in the Federal Register 
of each petition that it receives, and 
affords interested persons an 
opportunity to comment on the petition. 
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The Hawaii Farm Bureau Federation respectfully submits the following comments 
regarding the Environmental Impact Statement for improvements to the Kahului 
Harbor.  Improvements to Kahului Harbor is critical to the wellbeing of our 
member farmers and ranchers on Maui. 
 
Hawaii Farm Bureau recently intervened and then voluntarily agreed to be a 
participant in the motion by Young Brothers to discontinue LCL service to and 
from Maui.  LCL has been and continues to be a major mode of transportation for 
our members.  We recognize change is inevitable and that progress must occur.  
However, we feel strongly that this transition can occur without loosing our 
neighbor island farmers and ranchers who ship their goods to Oahu, the primary 
marketplace in the Islands.  Currently, threats of increased costs associated 
with a lack of commitment by buyers to absorb the increased transportation costs 
has resulted in some farmers on Maui ceasing their operations.  We hope that 
this is not an indication of what lies for us in the future. 
 
During your analysis, the Hawaii Department of Agriculture should be consulted 
for their expertise on risks and control measures available for invasive 
species.  The Hawaii Biosecurity Plan should be included in your analysis. 
 
We respectfully suggest that the Environmental Impact Statement must reflect not 
only the risks associated with Harbor expansion but truly reflect the benefits 
along with mitigative measures that are feasible.  A comparative analysis should 
performed analyzing of impacts, benefits and costs if the:harbor is not further 
developed.  The impacts of isolation in a global economy must be balanced with 
the needs of environmental protectionism. 
 
We appreciate this opportunity to provide our comments.  If there are any 
questions, please contact Alan Takemoto at 8782074. 
 
 



 



Maui County Farm Bureau provides the following comments on behalf of its member 
farm and ranch families and organizations on Maui.  We feel that it is critical 
that the Environmental Impact Statement reflect a balance of benefit and risk 
associated with harbor expansion. 
 
Kahului Harbor serves as the single port for both incoming and outgoing goods 
from the Island of Maui.  As many have said, this terminal is the lifeline of 
the island.  It operates “behind the scenes” and many of our residents are not 
aware of the working environment of the harbor operations.  While many bemoan 
the cost of goods on Maui, we believe we are already feeling the negative 
impacts due to this congestion.  It is often that only a catastrophic event 
catapults corrective measures.  We sincerely hope this need not be the case and 
instead that a planned and orderly improvement of Kahului Harbor can occur. 
 
Many studies have been conducted and reports written about the impact of Harbor 
operations on incoming goods so we will not repeat them here.  However, there 
has not been an equivalent focus placed on export products.  The Kahului Harbor 
planning and EIS effort under NEPA should include an analysis on how the lack of 
adequate facilities affect the industries in Maui--like our agricultural 
industry-- to export goods to Oahu and beyond (overseas markets). 
 
The Maui market is small and a commercial farmer can easily flood the local 
market with their produce or flowers.  Large operations require export markets 
to provide revenue stability.  Most of our large growers provide for local 
markets and ship their excess to Oahu.  The industry is under turmoil, 
attempting to transition out of the “Less than Container Load Service” that has 
been the hallmark of intrastate transportation.  Our growers have been quoted 
prices up to 350% of current transportation costs for alternatives.  No vendor 
will be willing to pay this increased cost.  While we recognize that the days of 
LCL must come to an end, there must be an orderly transition out of this 
traditional “harbor” function.  If affordable intrastate transportation cannot 
be provided to the industry, there will be a threat for increased invasive 
species and other problems.  This is because concentration of crop production in 
any one area will result in pest increase and ultimate pesticide resistance.  
Good pest management require rotation.  Currently cabbage crops cannot be grown 
on Oahu during certain months of the year.  If affordable intrastate 
transportation is impossible, imports from the mainland is inevitable.  Ongoing 
risk analysis at the ports show that agricultural goods are a significant 
pathway for invasives.  HOWEVER, they can be mitigated with local production and 
other practices that are part of the Hawaii Biosecurity Plan.  Local production 
that is a key element  of the Plan is dependent on reliable intrastate movement 
of goods. 
 
In addition to state markets, the real potential for agriculture lies in export 
to markets outside the State of Hawaii.  The value of the sugarcane and 
pineapple industry lied in their large export markets, bringing dollars into the 
state.  In a similar way, agriculture’s ultimate contribution to the State will 
be when we develop a large export market.  Logistics will require that shipments 
will be out of Oahu.  This means a strong, reliable and affordable intrastate 
transportation system must be in place. 
 
If the Harbor cannot be developed to the fullest extent, the development should 
explore the use of US DOT funds to assist in relocating uses which can be off-
Harbor, such as bulk liquids with a pipeline, or conversion of various 
industries which currently use the harbor, to optimize the maritime 
transportation mode of exported goods through the current harbor  (i.e. reduce 
demand by conversion of cargo from bulk to containerized).  Technologies should 



be explored to reduce the turn around time of vessels and to optimize the mixed 
uses of the berths which will potentially continue into the future. 
 
Harbor Plans happen at regular intervals.  This does not mean it must be redone 
from ground zero each time.  We support the Hawaii DOT analysis that the berths 
should be for  common use to maximize the utility of the Harbor facilities, thus 
providing the most economical development of the Harbor.  In addition, the 
public comments and planning history for Kahului Harbor should be incorporated 
into the EIS to provide the decision maker the benefit of the past planning 
efforts and why limited implementation was achieved.  
 
The development should address short term renovation of existing infrastructure 
which is used to convey various goods to and from the ship.  The planning effort 
should be focused on maritime uses within a commercial harbor with adequate 
mitigation if the recreational users require to be relocated.  In addition, due 
to the speculative nature of long range development, the construction and 
funding phasing of the development will be critical and should be analyzed.  
Many past plans have sat on shelves without implementation.  Repetition of such 
action is not a good use of public funds. 
 
Thank you for this opportunity to provide comment on this matter important to 
our members. 
 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne Street 
San Francisco, CA 94105-3901 

' 3  l P  - 
. I  I _  - 1: i i  

November 30,2006 

Maggie Blum c/o 
Docket Management Facility 
US Department of Transportation 
400 Seventh Street SW, Nassif Building, Room PL-401 
Washington DC, 20590-001 

Subject: Maritime Administration Notice of Intent (NOI) to Prepare a Draft Environmental 
Impact Statement (Draft EIS) for Kahului Harbor 

Dear Ms. Blum: 

The Environmental Protection Agency (EPA) has reviewed the Notice of Intent 
referenced above. Our review is pursuant to the National Environmental Policy Act (NEPA), 
Council on Environmental Quality (CEQ) regulations (40 CFR Parts 1500-1 508), and Section 
309 of the Clean Air Act. Our detailed comments are enclosed. 

EPA' s scoping comments include recommendations concerning impacts to water 
resources, air quality, cultural and historic properties, and environmental justice communities; 
and an analysis of cumulative impacts and indirect impacts associated with the proposed project. 
EPA is particularly concerned about impacts to water resources and coastal habitats. These 
concerns are highlighted below. 

Kahalui Harbor and Bay are included in Hawaii Department of Health's 2004 list of 
impaired waters, pursuant to Clean Water Act Section 303(d). The Draft EIS should include a 
detailed assessment of water quality and thorough analyses of short and long term water quality 
impacts associated with each alternative. In addition, the Draft EIS should fully describe impacts 
related to dredging, both construction and maintenance, including the depth of dredging 
operations, the nature and extent of dredging impacts, and length of time required for the 
proposed dredging. Impacts to water quality, coral reefs, and coastal habitats should also be 
described along with appropriate mitigation. If the Army Corps of Engineers (Corps) determines 
that a Clean Water Act Section 404 Individual Permit is required for dredging, pier or breakwall 
construction, only the Least Environmentally Damaging Practicable Alternative (LEDPA) can be 
permitted pursuant to the 404 (b)( 1) Guidelines (40 CFR Part 230). We recommend early 
consultation with the Corps and EPA to identify the appropriate permit and to ensure that the 
preferred alternative selected through the NEPA process is also the LEDPA. 

Printed on Recycled Paper 



We appreciate the opportunity to review this Notice of Intent. When the Draft EIS is 
released for public review, please send (2) copies to the address above (mailcode: CED-2). If 
you have any questions, please contact Connell Dunning, the lead reviewer for this project at 
41 5-947-4 161 or dunning.connell@epa.gov. 

Sincerely, 

Paula Bisson, Manager 
Environmental Review Office 

Enclosure: Detailed Comments 

cc: Donna Turchie, Federal Transit Administration 
George Young Army Corps of Engineers 
Michael Molina, Unites States Fish and Wildlife Service 
Gerry Davis, National Marine Fisheries Service 

mailto:dunning.connell@epa.gov


EPA DETAILED COMMENTS ON THE NOTICE OF INTENT TO PREPARE KAHULUI HARBOR, 
NOVEMBER 30,2006 

Placement of Dredged or Fill Material in Waters of the United States 

If it is determined that a Clean Water Act (CWA) Section 404 Individual Permit is 
required, we recommend that the Hawaii State Department of Transportation (HI DOT) and 
Maritime Administration (MARAD) coordinate the National Environmental Policy Act (NEPA) 
and CWA Section 404 permitting processes to streamline the environmental review required for 
the project. This coordination will ensure that the thresholds of the CWA Section 404(b)(l) 
Guidelines are satisfied through this environmental review process. If an individual CWA 
Section 404 permit will be required for dredging or fill (e.g. pier or breakwater expansion) only 
the Least Environmentally Damaging Practicable Alternative (LEDPA) can be permitted 
pursuant to the 404 (b)(l) Guidelines (40 CFR Part 230). The Draft EIS should also provide 
enough information to demonstrate that adverse impacts to resources have been avoided and 
minimized to the greatest extent feasible and that any unavoidable adverse impacts from the 
project’s construction and operation are adequately mitigated. 

The Draft EIS must include an assessment of resources and special aquatic sites (coral 
reefs, wetlands, seagrass beds, mudflats) that will be directly and indirectly impacted by the 
Harbor alternatives. We recommend that MARAD consult the National Marine Fisheries Service 
and U.S. Fish and Wildlife Service regarding appropriate assessment methods for coral reefs. We 
also recommend the use of Habitat Equivalency Analysis (HEA) for determining appropriate size 
of mitigation for any unavoidable impacts to coral reefs. Example HEA reports are available 
from Fish and Wildlife Service. 

The Draft EIS should identify the proposed plan for disposing of dredged material, such 
as unconfined aquatic disposal in inland or coastal waters, or at the Environmental Protection 
Agency (EPA)-designated ocean dredged material disposal site. The Draft EIS should also 
include the sediment evaluation regarding the suitability of the proposed dredged materials for 
disposal. Materials proposed for disposal in waters of the United States must satisfy the Factual 
Determinations of 40 CFR Part 230, specified at 40 CFR Part 230.1 1, using the Evaluation and 
Testing measures of Subpart G (40 CFR Parts 230.60 and 230.61), or demonstrating consistency 
with the testing exclusions of these sections. Testing guidance for assessing the quality of 
sediments to be discharged to waters of the United States is provided in a joint EPNArmy Corps 
of Engineers’ manual, Evaluation of Dredged Material Proposed for Discharge in Waters of the 
United States, the Inland Testing Manual (EPA-823-98). The Draft EIS should recognize that 
dredged material proposed for disposal at Federally-approved disposal sites pursuant to the 
Marine Protection, Research, and Sanctuaries Act must be evaluated using criteria at 40 CFR 
Parts 220-228. Testing guidance for assessing sediment quality is found in ajoint EPNArmy 
Corps of Engineers’ Evaluation of Dredged Material Proposed for Ocean Disposal - Testing 
Manual, the Green Book (EPA-503/8-91/001). 

For either sediment evaluation, it is important that the project sediments are characterized 
adequately in all dimensions, area and depth. Because discharge of uncharacterized sediments is 



prohibited, the sediment sampling must account for overdredging that occurs with the dredging 
equipment, typically two feet below project depth. We recommend that the sampling plan be 
submitted to EPA and the Army Corps of Engineers before sediment samples are taken to ensure 
that no prohibited discharges occur with this project. 

Water Quality 

Kahului Harbor and Bay are included in Hawaii Department of Health’s 2004 list of 
impaired waters, pursuant to Clean Water Act Section 303(d), based on exceedances of water 
quality criteria for turbidity, nutrients, and chlorophyll a. The Draft EIS should include a detailed 
assessment of water quality following the minimal criteria for listing priority 1 under “Criteria 
for 2004 CWA 303(d) List” (http://www.hawaii.gov/health/environmental/env- 
planning/wqm/wqm.html). The assessment should include at least 10 water quality samples from 
wet season and 10 samples from dry season; geometric means for these data should be compared 
to the applicable water quality standards in HAR Chapter 11-54. Short and long term water 
quality impacts associated with the Harbor alternatives should be thoroughly discussed, with 
particular emphasis on any expected water quality degradation pursuant to 1 1-54- 1.1 General 
Policy of water quality degradation. 

The Draft EIS should address how vessel sewage discharge associated with new harbor 
developments and associated increases in vessel traffic will comply with CWA Section 3 12, 
which establishes effluent standards for marine sanitation devices. Construction of new facilities 
provides an opportunity to incorporate additional pumpout and dump stations to provide a means 
for vessels to transport sewage collected on boats to the local sewage system rather than 
discharging in the harbor. Any new pier construction should be developed with additional 
pumpout and dump facilities to ensure that pier users do not discharge waste into the harbor. 

Coral Reef and Coastal Habitat Protection 

Dredging associated with the proposed project may impact coral reefs in Kahului Harbor 
The purpose of Executive Order (EO) 13089 is to increase protection of U S .  coral reef 
ecosystems. EO 13089 requires that all Federal agencies whose actions may affect coral reef 
ecosystems in the United States shall: (a) identifj their actions that may affect U.S. coral reef 
ecosystems; (b) utilize their programs and authorities to protect and enhance the conditions of 
such ecosystems; and (c) to the extent permitted by law, ensure that any actions they authorize, 
fund, or carry out will not degrade the conditions of such ecosystems. In addition, these Federal 
agencies shall, subject to the availability of appropriations, provide for the implementation of 
measures needed to research, monitor, manage, and restore affected ecosystems, including 
measures reducing impacts from pollution, sedimentation, and fishing. The Draft EIS should 
address how construction of the proposed project complies with EO 13089. 

The Draft EIS should identify if the project is located within an area designated as 
essential fish habitat. Coordination with the National Oceanic and Atmospheric Administration 
should be conducted to identifj avoidance or mitigation measures. Federal activities, permits 
and financial assistance must be consistent with the Hawaii Coastal Zone Management Act 
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(HCZMA). The Draft EIS should identify how the proposed project is consistent with the 
HCZMA and other coastal requirements. 

Air Quality 

The proposed project will involve the use of dredging equipment, use of heavy equipment 
for off-loading, and truck transport of dredged material. These activities could have short and 
long-term impacts on air quality - particularly emissions of nitrogen oxides (NOx - an ozone 
precursor), particulate matter less than 10 microns in size (PMlo), and carbon monoxide. The 
Draft EIS should discuss the general air quality impacts of the projects and discuss options for 
mitigating these impacts. 

To reduce construction and operation-related air quality impacts, EPA recommends that 
MARAD address the feasibility of implementing air quality-related mitigation to reduce 
equipment and marine-vessel emissions of Diesel Particulate Matter (DPM) and other pollutants 
from construction and operations, including: 

Operations 
Use low sulfur diesel and ultra-low sulfur diesel fuel for marine vessels. If low sulfur fuel 
is not available, HI DOT and MARAD should determine if making low sulfur fuel readily 
available and incorporating the appropriate retrofits would be feasible in reducing diesel 
emissions of idling ferries and other watercraft at the pier. 
Subsidize the retrofit of older marine vessels and the construction of passenger ferries 
with cleaner technology. The Draft EIS should quantify the reduction of diesel emissions 
that could be reduced with retrofitted vessels and/or with vessels constructed utilizing 
newer, cleaner technology and discuss the feasibility of such measures. 
Provide infrastructure for alternative power options for ferries and other watercraft to 
reduce diesel emissions related to idling. 

Construction and Dredging 
Minimize hauling trips of workers and equipment, including trucks and heavy equipment, 
and establish an activity schedule designed to minimize traffic congestion around the 
disposal site. 
Use 1996 or newer model equipment and ultra low sulfur diesel fuel. 
Specify a hauling schedule to minimize cumulative impacts from multiple development 
and construction projects in the area. 
Locate equipment and staging zones away from sensitive receptors such as children and 
the elderly as well as away from fresh air intakes to buildings and air conditioners. 
Implement an idling reduction strategy for transport trucks. 
Use diesel particle traps, oxidation catalysts, or and other suitable controls to reduce 
emissions of DPM and other air pollutants. 
Use low sulfur diesel and ultra-low sulfur diesel fuel. 
Employ periodic, unscheduled inspections to ensure that dredging equipment is properly 
maintained at all times and is tuned to manufacturer's specifications. 

5 



Cultural and Historic Resources 

The Draft EIS should identify the potential for adverse impacts to any cultural and 
historic resources that may be impacted in the study area. The Draft EIS should describe what 
steps are underway, or are proposed, to ensure compliance with Section 106 of the National 
Historic Preservation Act and other cultural resource protection laws. Context sensitive design 
measures should be incorporated to all alternatives due to the project's proximity to these and 
other historic sites and the Kahului shoreline. 

Environmental Justice and Community Involvement 

Community involvement activities supporting the project should include opportunities for 
incorporating public input into the facility area design and location process, especially from any 
members of the community who will be impacted or relocated by the proposed project. The 
Draft EIS should identify whether the proposed alternatives may disproportionately and adversely 
affect low-income or minority populations in the surrounding area and should provide 
appropriate mitigation measures for any adverse impacts. Executive Order 12898 addresses 
Environmental Justice in minority and low-income populations, and the Council on 
Environmental Quality (CEQ) has developed guidance concerning how to address Environmental 
Justice in the environmental review process (http://ceq.eh.doe.gov/nepa/regs/ej/justice.pdf). 

Analvsis of Indirect and Cumulative Impacts 

NEPA requires evaluation of indirect and cumulative effects which are caused by the 
action (40 CFR Parts 1508.8(b) and 1508.7). "Indirect effects may include growth-inducing 
effects related to induced changes in the pattern of land use, population density or growth rate, 
and related effects on air and water and other natural systems, including ecosystems." CEQ 
regulations also state that the Draft EIS should include the "means to mitigate adverse 
environmental effects." (40 CFR 1502.16(h)). This provision applies to indirect effects as well 
as direct effects. Induced commercial, industrial, and residential growth can adversely affect 
water quality, wetlands, and other natural resources. 

The Draft EIS should evaluate the increased rates of growth for commercial, industrial, 
recreational, or residential purposes indirectly caused by the project. Specifically, the Draft EIS 
should estimate reasonably foreseeable changes in land use patterns, as well as the increased 
number of automobile and truck trips associated with new land uses. Impacts to cultural, water, 
socioeconomic, and community resources associated with new development and increased 
vehicle miles travelled should be specifically addressed in the Draft EIS. Appropriate mitigation 
to minimize impacts should be included. 

Cumulative impacts are defined in the CEQ NEPA regulations as the impact on the 
environment that results from the incremental impact of the action when added to the other past, 
present, and reasonably foreseeable future actions, regardless of what agency (Federal or non- 
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Federal) or person undertakes such actions (40 CFR 1508.7). These actions include both harbor 
and non-harbor activities. The cumulative impact analysis should consider all nearby projects 
such as adjacent roadway improvements, parking lot improvements, and other harbour projects 
that are reasonably foreseeable and are identified in the surrounding area. These types of projects, 
identified within and around the proposed project, should be included in the cumulative impacts 
analysis. Where adverse cumulative impacts are identified, the Draft EIS should identif-j 
appropriate mitigation measures, even if the mitigation is the responsibility of other entities. 
Disclose the parties that would be responsible for avoiding, minimizing, and mitigating those 
adverse impacts (CEQ's Forty Most Frequently Asked Questions #19). 

EPA recommends using the California Department of Transportation Indirect and 
Cumulative Impacts Analysis, which is co-authored by EPA and is applicable to impact analyses 
for non-road projects outside of California. This guidance can be found at 
[ http :i/www.dot . ca. gov/ser/cumulative-guidance/purpose. htm] and 
[http://www.dot.ca.gov/ser/Growth-related_IndirectlmpactAnalysis/gri_guidance.htm] . 
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Kahului Harbor Master Plan & EIS 
Public Scoping Meeting 
November 13, 2006, 6:30 PM 
Lihikai Elementary School, Kahului, Maui, Hawaii 
 
 
Fred Ruge, Wailuku resident 
 
Suggestions: 
• West Breakwater: build a Coast Guard station, agricultural inspection station, 

homeland security facility, monorail, superferry facility. 
• We have an opportunity with Dan Inouye in Senate. The wastewater 

treatment plant (WWTP) is in the tsunami inundation zone; expand the east 
harbor to the WWTP and obtain funds to build a new plant inland. The cost of 
move/build a new WWTP is estimated at $400 million. Draft a proposal to 
Inouye, request funds ($1 billion); use rest of the funds for harbor 
improvements.  

 
Warren Shibuya, Maui resident 
 
o Focus on sustaining Maui’s economic growth; the harbor is undersized and 

vulnerable to disasters. Passengers need to be kept outside of the harbor. 
The following need to be done: (1) increase cargo capacity and capacity to 
handle larger vessels; (2) deepen harbor to handle larger vessels and for 
more efficient handling of fuel (AVGAS, diesel, propane); (3) increase 
offshore bulk handling capacity – cement; (4) improve breakwater with 
facilities for vehicle inspection, to accommodate highway traffic. 

 
o Planning for harbor development needs to be broader and more inclusive. 

The 2030 Master Plan should include yachts, tours, drydock facilities, and 
even a second cargo harbor for Maui. 

 
o Until Honopi’ilani Highway is improved, Maui is vulnerable. 
 
Mr. Shibuya provided written testimony.  

 
Lucienne de Naie, Sierra Club  

 
o There should be an overall circulation plan that results in a walkable 

waterfront—for example, the Baltimore and San Francisco harbors. Plan for 
places with shade, water reused from the WWTP.  

 
o Include the WWTP in the overall plan; it takes up valuable shoreline space 

and is near Kanaha Pond. Plan for reuse of treatment plant effluent. 
 



o Kanaha Pond is not only a wildlife refuge but a place for reclaiming native 
plants. Take care of what we have. 

 
o Commended for keeping folks involved and taking suggestions.  

 
o The harbor is a favorite surf site in central Maui with legendary surf breaks, 

not created by the harbor; frequented by ali’i. 
 

o Will the harbor be Incorporating Maui Mall’s parking lot? Need to know. 
 

James Takayesu, paddler for 15 yrs 
 
o Concerned about recent developments’ impacts on shipping. The 2025 

Master Plan did not have much of an impact. The first priority was to deal with 
shipping, but shipping concerns have been set aside in favor of the 
superferry. There has been a huge increase in cargo volume (e.g., Young 
Brothers) in the harbor over the past eight yrs. Maui needs a 2010 plan.  

 
o Re acquisition of A&B land—why hasn’t it been acquired? What kind of 

development is in triangle area? Hope it’s not a private development (it’s a car 
dealer). This area is contiguous to the harbor. 

 
o The cement silo area could be used to create more space for Young Brothers. 

Should do more critical things rather than the superferry. 
 

o Kahului Harbor is so critical to the island. Cannot delay; need to move forward 
every year. 2030 is far away but the community needs to be served. 

 
Dennis Niles, harbor user 
 
o There are no haul out facilities on Maui to serve the tour boat industry (annual 

servicing). Need to go to Honolulu or Honokohau at great cost. Ma’alaea? 
Hazardous materials from these activities are an issue. Propose to use the 
boat ramp at the west breakwater. Impact on small boats? Need to balance 
competing interests. Need a permanent, environmentally safe haul-out facility. 

 
o Timing? Why was there no anticipation of superferry impacts during the last 

planning process (2025 plan)? As part of this process, look at the superferry 
and how it meshes with long-term planning of the harbor. 

 
Lucienne de Naie 
 
Concurs that we need a place for these facilities. Access to the cruise ships is 
difficult, as well as parking. 



 
Fred Ruge 
 
Cruise ships should be at the west breakwater.  
 
Questions and Clarifications: 
 
o Parking is free in the harbor (Steve Pfister, Kahului Harbormaster). 
 
o Question about 2025 master plan: prepared in 2000; an EA was completed 

last year; a number of projects have been completed.  
 

o Is there an implementation plan? Yes, there is. 
 
o The harbor master plan is updated every five years. 

 
o The assumptions listed in the handout are preliminary and likely to change in 

response to input from the user group and others. 
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Overview 
1.1     Background and study objectives 

Bermello-Ajamil & Partners, Inc. (B&A) was engaged by TEC Inc. to prepare an analysis of 
global, regional, and local cruise market trends for Kahului, Maui.  This study is to be 
considered in the development of cruise-related marine infrastructure and related upland 
support facilities within the Harbor, as part of the Kahului Harbor 2030 Master Plan/EIS. 

The following study is to determine the potential for overall growth for Kahului in terms 
of cruise passenger throughput, cruise vessel calls per annum, passenger volume per call 
and future vessel size.  These components contribute to the baseline of our cruise 
projection/forecasting efforts. Key components of the market study include: 

Assessments of worldwide and regional cruise industry trends and growth 
patterns; 

Cruise passenger and vessel market projections specifically for Kahului over a 23-
year horizon to be used as a baseline for future planning efforts as they relate to 
berth demand  and cruise passenger throughput capacity; and, 

Review of cruise vessel design, specifications, and evolving trends. 

Deployments to the island by Carnival Cruises and Norwegian Cruise Line (NCL) in the 
Hawaiian sub-sector comprise the majority of Kahului’s cruise activity, and provide a solid 
base for potential cruise growth1.  It is important to consider worldwide and regional 
cruise market trends in order to best forecast growth scenarios for Kahului with regard 
to cruise passenger throughput and cruise calls.  The market study is followed by a brief 
summary of the evolution of the cruise vessel in order to show the growth of yesterday’s 
modern cruise vessel to today’s, and to illustrate what type of high capacity passenger 
vessels ports and harbors can expect to see worldwide.  

The information presented in this document reflects available data on the cruise industry 
and our interpretation of market trends as of the date of this report. 

                                                    
1 In April 2007, NCL announced the temporary withdrawal of Pride of Hawai`i from the Hawaii market – effective 
February 2008. (The ship will be deployed to Europe for the summer of 2008 as part of the NCL fleet).  Although this 
will have an impact on the immediate to short-term volume of cruise activity in the region, we believe the redeployment 
is irrelated to Kahului’s potential cruise capacity and appeal as a destination. 
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Worldwide Cruise Market 

2.1     Summary 

The following is a brief review of worldwide cruise market trends applicable to Kahului’s 
mid- to long-term planning efforts in accommodating its cruise market and potential 
growth. 

1) The cruise industry has emerged as one of the fastest growing and popular segments 
of the worldwide travel and leisure industry.  Between 1990 and 2005, passenger 
levels have expanded from 4.4 to an estimated 13.6 million worldwide.  With many 
of the fundamentals that contributed to the success of the industry still in place, 
cruise passenger volumes are expected to continue their positive growth trend.  
Projection of the worldwide industry suggests passenger carrying levels could expand 
from the 2005 estimate of 13.6 million to between 23.8 and 31.5 million by 2020.  

2) As of March 2007, 36 new cruise vessels with a total berth capacity of 94,101 are 
scheduled for delivery over the next five years.  For comparison purposes, in 
December 2002 the forward cruise vessel order book contained 26 vessels with a 
berth capacity of 56,428.  This is an increase of 28% in terms of berth capacity over a 
4-year timeframe, with each new vessel currently on order carrying an additional 887 
berths.2   

3) In February 2006 Royal Caribbean International announced an order for the next 
generation of cruise vessel – Project Genesis - for delivery in fall 2009. It is 
approximately 43% larger than their current largest vessel delivered in spring 2006 – 
Freedom of the Seas - at 220,000 GT.  In addition, as of September 2006 NCL 
contracted with Aker Yards to build two new 150,000-GT, 1066-feet LOA cruise 
vessels capable of accommodating more than 6,400-passengers and crew.  The 
vessels are scheduled for delivery in 2009 and 2010.  A third sister vessel in the series 
is on option for delivery in 2011. 

4) For Kahului, the net result of the cruise vessel development trends is that if Kahului 
chooses to accommodate the future generation cruise vessels’ port-of-call service 
requirements (in order for the destination to remain competitive in the world and 
regional marketplace), cruise facility enhancements would be necessary.  This will 
include the ability to offer industry operators cruise berth(s) capable of 
accommodating vessel lengths and structural loads of a 1066-plus feet cruise vessel, 
gross tonnage of more than 150,000 and with a passenger complement upwards of 
4,000 – 6,000 persons per vessel.  The largest vessel presently calling at Kahului is the 
Pride of Hawaii, with a LOA of 965-feet, 93,500-GT, and a 2,466 passenger capacity. 

5) Although the cruise industry continues to strive toward globalization, the majority of cruise 
passengers are still sourced from two significant locations—North America and the United 
Kingdom.  In 2006, these source markets accounted for more than 76% of the total 
worldwide cruise bookings.

                                                    
2 Project Genesis and the NCL newbuild orders account for a majority of berths per vessel. 
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Regional Cruise Trends 

3.1 Summary 

The majority of Kahului’s present and historic cruise activity originates from Honolulu’s 
homeporting operations.  Relevant regional market trends that directly impact Kahului 
include cruises from the U.S. West Coast – inclusive of the Alaskan, Mexican and 
Hawaiian markets.  The following section reviews cruise activity in these regions. 

1) While facing challenges over the past five years, the U.S. West Coast region 
continues to reflect a long-term positive growth trend with improved prospects for 
2006 observed for all of the region’s primary sectors—Mexican Riviera, Mexican 
Baja, Panama Canal, Hawaii and Alaska.  Mid- to long-term prospects are positive.  In 
2006, 1,201-itineraries with a lower-berth capacity of 2,516,577-passengers spread 
across 10 cruise sectors were identified as compared to 2004 with approximately 
1,950,000-passengers on 975 sailings in the region.   

2) Carnival Corporation remains the largest operator in the U.S. West Coast sub-
sectors – Mexican Riviera and Baja offering 201-sailings with more than 500,000-
passengers in 2006. Royal Caribbean International and Princess Cruises also 
contribute heavily to the capacity in the regional sub-sectors directly affecting Alaska 
and Hawaii.  While NCL offers fewer sailings from West Coast ports at present over 
the long-term they are likely to diversify into longer-haul Hawaiian and coastal 
cruises.    

3) Over the near-term, growth prospects in the region are likely strongest for the 
Mexican Riviera and Hawaii sectors.  While providing indirect impacts, Alaska will 
also grow significantly over the mid- to long-term provided homeport berths are 
available in the key ports of Seattle and Vancouver.  The Panama Canal sector will 
see some growth over the mid- to long-term mainly due to the movement of vessels 
to and from the region on a seasonal basis.  The result of this for Kahului and the 
Hawaiian cruise market is an overall increase in cruise vessels and cruise calls.  The 
Hawaiian destination serves as an attractive itinerary feature for expanding U.S. West 
Coast deployments and homeporting activity. 

4) Increased cruise activity in the U.S. West Coast market sector will facilitate an 
improved annual market capture for the Hawaiian sub-sector – Kahului can benefit 
from this growth.  Continued growth in the Mexican Riviera and Mexican Baja 
sectors is predicated on the requirements for additional downstream port-of-call 
berths to provide for increased numbers of vessels in ports on a daily basis.  Puerto 
Vallarta and Cabo San Lucas are constrained at present.  There are few alternatives 
within the typical 8-day cruise patterns to support growth in the mid-term.  West 
Coast homeports inclusive of the Port of Los Angeles, Long Beach and Port of San 
Diego must also develop facilities to support the next generation of cruise vessels to 
be introduced into the region (Voyager-class) mid-term, and provide for long-term 
planning in anticipation of 5,000-passenger vessels.  Increased collaboration among 
destinations must continue its growth.  Improvements in port capabilities and cruise 
tourism infrastructure will undoubtedly make the region more appealing overall for 
operators, and thus, should work to expand market opportunities for all regional 
destinations. 
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3.2 The U.S. West Coast Cruise Region 

Capacity Deployment Levels 

We define the U.S. West Coast Cruise region as covering ports ranging from the Gulf of 
Alaska, Hawaii, the states of Washington, Oregon and California, Mexican Baja Peninsula 
and the Mexican West Coast.  There is a smaller influence on the region by South 
America and the South Pacific areas as well in terms of cruise placement.   

In terms of growth the U.S. West Coast region is maturing, especially as far as the North 
American-based market is concerned.  From the North American cruise market 
perspective the region has been one of the mainstays for the past ten years despite some 
downturns in growth in the early 2000’s.  This is illustrated in Table 1, where the CLIA’s 
destination analyses from 1998 to 2006 are used to plot the growth in this region.   

The Mexico West sector is the core of the region and has more than doubled in growth 
since 1998.  This activity is somewhat muted by the fact that the key downstream ports 
along the Mexican West Coast are berth constrained.  In addition, there are still strong 
passenger levels in the Mexican Baja 3 and 4-day market sector with 207-cruises and 
more than 512,000-cruise passengers.  While not directly related to the West Coast 
Region, the Alaska cruise region does influence traffic along the West Coast, and 
ultimately Kahului, influencing 44 Repositioning sailings.  (To a great degree many of the 
Panama Canal itineraries identified in the study are also directly related to cruise vessel 
repositioning to and from the Alaska cruise sector). The Hawaii sector plays an important 
role in the potential expansion of the overall U.S. West Coast regional cruise market due 
to its anticipated growth. 

Table 1: Cruise Capacity Placement - U.S. West Coast, North American 
Operators
Source: Cruise Line International Assoc. (CLIA) and B&A, 2007 

Region Bed-Nights 
% Change 
00 to 06 

 98 99 00 01 02 03 04 05 06  
Alaska 3,790,816 4,086,620 4,197,332 4,698,538 5,052,907 5,265,159 5,913,967 6,417,134 6,356,226 51.43% 

Trans Canal 2,612,788 3,036,208 2,573,444 2,396,424 2,092,723 2,783,975 2,930,528 2,718,752 2,803,538 8.94% 

Mexico West 2,421,126 2,529,106 2,680,934 1,166,756 3,386,475 3,390,768 4,827,262 5,759,636 5,214,100 94.49% 

Hawaii 745,216 885,268 857,390 1,557,438 1,903,302 1,953,200 2,629,458 2,907,444 2,885,034 236.49% 

South Pacific 369,507 947,382 1,155,217 1,158,004 835,464 1,099,056 683,506 657,382 1,448,806 25.41% 

World 545,242 565,824 414,342 613,046 582,314 375,384 462,934 460,670 339,827 -17.98% 

Coastal West 136,198 65,108 217,518 1,944,752 216,338 376,709 643,792 433,436 161,486 -25.76% 

3.3      Hawaii Cruise Region 

Overview 

Cruise itineraries within this sector originate from homeports in Hawaii (Honolulu), the 
U.S./Canada (San Diego/Vancouver), and Ensenada and provide the opportunity to 
explore the islands of Hawaii.  Due to the Passenger Services Act (PSA) foreign-flagged 
cruise vessels cannot sail directly to/from/within Hawaii without calling or homeporting in 
a foreign port.  Most of the cruises originating in Hawaii are now controlled by NCL as 
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their fleet sailing within the Hawaiian Islands are U.S. flagged allowing for inter-island 
cruising.  Since 2001, Hawaii has more than tripled its passenger bed-nights from 857,000 
to 2.6-million primarily due to the influence of NCL.  NCL’s Pride of America and Pride of 
Aloha sail year-round in the sub-sector within Hawaii.  Honolulu serves as the core 
homeport in the sub-sector with the mainland ports of San Diego and the Port of Los 
Angeles contributing to the longer cruise patterns in the sub-sector. All of the major 
cruise lines offer Hawaiian sailings.    

Challenges for Hawaii have been the PSA, cruise homeport infrastructure considerations, 
shore excursion product needs, and an on-going political debate about the general impact 
of the Hawaiian cruise industry on the quality of life of Maui residents.     

Hawaii is also used as a repositioning cruise in conjunction with the Alaska cruise season 
due to its potential for increased per diems over potential U.S. West Coast itineraries.  A 
regular Hawaii cruise departing from a U.S. West Coast port or a repositioning sailing 
requires extensive sea time, (approximately 5-days), to complete the transit to/from 
Hawaii. This does provide a limiting factor on the number of sailings a cruise operator will 
offer in this sector due to operational costs associated with the long transit and a 
weakened onboard revenue stream due to an abundance of sea days. 

Impact / Relevance to Kahului 

From a strategic standpoint, Kahului is in a good position to continue as a port-of-call for 
North American cruise vessels offering Hawaiian sailings (specifically NCL homeporting 
operations through Honolulu).  The estimated cruising distance to the Hawaiian ports 
within overall Hawaiian itinerary patterns from West Coast ports does present a 
substantial marketing / operational issue for cruise lines. However, the overall demand for 
the sailings is good and expansion is anticipated.  There will be an effort to expand the 
Hawaiian sub-sector primarily through increased sailings from the U.S. West Coast over 
the mid- to long-term. 

Table 2: Sample Patterns of Hawaiian Cruise Itineraries 2006
Source:  B&A, 2007 

Operator Vessel 
Pax

(Lower 
Berths) 

Length 
(days) Season Number 

of Cruises Baseport Sample Itinerary 

Carnival 
Cruise Lines 

Carnival 
Spirit 2124 12 Spring 1 Honolulu, HI 

Ensenada; Hilo; Kahului; Lahaina; 
Kona; Kauai (Nawiliwili); Honolulu 

Celebrity 
Cruises Infinity 2449 15 Spring 1 Los Angeles, CA 

L.A.; Nawilliwili; Honolulu; Hilo; 
Kailua Kona; Lahaina; Ensenada; L.A. 

Celebrity 
Cruises Summit 2449 16 Spring 13 Los Angeles, CA 

L.A.; Lahaina; Nawilliwili; Napali 
Coast; Hilo; Honolulu; Kailua Kona; 
Ensenada; L.A. 

Cunard 
Cruise Line 

Queen 
Mary II 2620 12 Winter 1 Los Angeles, CA 

L.A.; Mount Maunganui NZ; 
Honolulu; Kailua Kona; L.A. 

Hapag-Lloyd 
MV
Columbus 400 16 Winter 2 

Honolulu,
Hawaii 

Acapulco; Zihuatanejo; Cabo San 
Lucas; Los Angeles; Lahaina; 
Nawiliwili; Hilo; Honolulu. 

Holland 
America Zaandam 1440 16 Winter 4 San Diego, CA 

San Diego; Hilo; Honolulu; Kona; 
Lahaina; Ensenada; San Diego 

Holland 
America Volendam 1440 19 Spring 1 Vancouver, BC 

Seattle; Hilo; Kona; Hnonolulu; 
Kauai; Lahaina; Vancouver 

Holland 
America Amsterdam 1380 16 Winter 6 San Diego, CA 

San Diego; Kona; Honolulu; 
Nawiliwili; Hilo; Ensenada; San Diego 

NCL 
Norwegian 
Wind 2159 12 

Spring / 
Winter 17 Honolulu, HI 

Honolulu; Hilo; Lahaina; Nawilliwili; 
Fanning Island; Kona 

NCL 
Pride of 
America 2146 8 

Year-
round 49 Honolulu, HI Honolulu; Kahului; Hilo; Kona; Kauai 

NCL 
Pride of 
Aloha 2340 8 

Year-
round 46 Honolulu, HI 

Honolulu; Kauai; Hilo; Kahului; Kona;  
Kahului 
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Table 2 (Continued) 

Table 1 illustrates the growth (in Bed-Nights) of the Hawaiian region from 1998 to 2006.  
There is an overall increase of 236% within the time period 2000-2006.  Figure 1 below 
illustrates our growth forecasts from FY2007 out to FY2030 by passenger throughput 
capacity3.  Our FY2007 passenger capacity projection is grown annually by 1.7% (low), 
2.3% (mid), and 2.9% (high).  These growth variations are based on industry trends, 
comparable cruise destination growth rates, and largely reflect average annual vessel size 
increases.  It is thus reasonable to assume a sub-sector passenger throughput capacity of 
708,000 in FY2020 and 889,000 by FY2030. 

Figure 1: Projected Scenarios of Capacity Growth for Hawaii Sub-Sector 
Source:  B&A, 2007 
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3 Passenger throughput capacity refers to the overall capacity of the region in terms of the passenger capacities of the 
vessels sailing, in the region and the frequency of sailings. 

Princess 
Island 
Princess 1950 16 

Spring / 
Winter 15 Los Angeles, CA 

Los Angeles; Kona; Honolulu; Kauai; 
Lahaina; Hilo; Ensenada; Los Angeles 

Royal 
Caribbean Serenade  2500 12 Fall 1 Honolulu, HI 

Vancouver; Kona; Hilo; Lahaina; 
Honolulu 

Royal 
Caribbean Serenade  2500 12 Fall 1 Ensenada, MX 

Honolulu; Kauai; Lahaina; Hilo; Kona; 
Ensenada 



2007 KAHULUI CRUISE MARKET STUDY - MARCH, 2007 (FINAL REPORT SUBMISSION) - PAGE 8

Kahului Projected Cruise Growth 
4.1      Overview 

We have used projection variations to illustrate likely passenger throughput and vessel 
calls for Kahului over a 23-year horizon for the Kahului Harbor 2030 Master Plan.  They 
include the following: 

Development of an unconstrained passenger forecast for Kahului based on historic 
growth of passenger volumes in the Hawaiian region and at Kahului through market  
analysis; and, 

Market capture analysis for Kahului within the Hawaiian sub-sector.        

The scenarios described above comprise our low, medium, and high passenger forecasts.  
Our figures are based on Kahului Harbor’s Fiscal Year (FY), which begins in July of the 
previous year and concludes in June.  The results are summarized at the conclusion of 
our analysis. 

4.2      Kahului’s Cruise Market Overview 

From FY2000-FY2007, Kahului has experienced over 400% growth in passenger 
throughput.  The addition of NCL’s Pride of Hawaii in May FY2006 has raised passenger 
throughput tremendously with 52 total calls at Kahului in FY2007, and an estimated 52 
calls in the coming years.  The result is an estimated 109,000 passengers for FY2007, from 
52 cruise calls.  Through our analysis, we have calculated that vessels sail within the 
Hawaiian region at roughly 85.6% passenger occupancy levels, allowing ample room for 
healthy growth over a long-term time period. 

For FY2006 and FY2007, Kahului’s cruise base includes five vessels from NCL, as well as 
the Carnival Spirit.  While Kahului has accommodated both cruise lines in recent years, 
its overall cruise base has largely been – and likely will continue to be – dominated by 
NCL.  The two major cruise lines, both members of the Cruise Line International 
Association (CLIA), show prominent growth within the cruise industry worldwide. 

Star/NCL Cruises.  Star Cruises is the leading cruise line in Asia, and with 
acquisition of NCL Holdings 2000, is the third largest cruise line operator in the 
world.  Star Cruises’ combined fleet consists of 20 vessels and over 30,000 lower 
berths.  The NCL and Orient brands are marketed primarily to consumers from 
North America, Europe and Australia.4  The Star Cruises brand is focused on tapping 
into the Asia Pacific consumer markets.  As NCL is expanding its fleet through new 
vessel deliveries the plan was then to move older tonnage from NCL to Star Cruises 
(5 in total).  However, to date only one vessel has been transferred to the Star fleet.  
NCL was preparing to become a publicly traded company in late 2006 or early 2007. 
Star/NCL recently contracted for two 150,000-GT 5,200-passenger vessels set for 
delivery in 2009/10. A third is on option.       

Carnival Corporation.  Publicly held and traded, Carnival Corporation controls 
over 145,000 lower berths on 85 vessels.  Carnival Corporation presently has 
                                                    

4 Star/NCL recently purchased a tour operation in Hawaii to support cruise operations. 
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additional 15 - 18 cruise vessels on order or option.  Carnival Corporation’s 
portfolio of 12 brands is remarkable and includes many of the gold standard cruise 
companies:  Carnival Cruise Lines, Holland America Line, Princess Cruises, Seabourn 
Cruise Line and Windstar Cruises in North America; P&O Cruises UK, Cunard Line, 
Ocean Village and Swan Hellenic in the United Kingdom; AIDA in Germany; Costa 
Cruises in Southern Europe; and, P&O Cruises Australia.5  These brands combine to 
offer a range of vacation products to consumers with varied tastes, income levels, 
and national origins.  Combined, more than 6.5-million people sail on Carnival brands 
annually.    

The contemporary brand cruise segments, in tandem with a large North American 
consumer demographic, comprise the majority of Kahului’s cruise base. 

4.3      Kahului’s Cruise Vessel Deployment Trends 

Within the Hawaiian sub-sector region, Honolulu provides the majority of homeporting 
deployment activity for the itineraries impacting Kahului.  Kahului serves as a key port-of-
call within the region, with a market capture rate of 64.2% of Hawaii’s sub-sector cruise 
market.  The primary ports-of-call also incorporated into Kahului’s typical cruise itinerary 
pattern(s) include Hilo, Kauai, Kona, Lahaina, and Nawiliwili.  A breakdown of Kahului’s 
cruise activity for FY2007 is summarized in Table 3. 

Table 3: Kahului Conventional Cruise Activity6, FY2007   
Source: B&A, 2007

Cruise 
Line Vessel Passengers 

(Lower Berths) Calls Total Pax Base Port End 
Port 

Ports 
called on 

Carnival Carnival Spirit 2,124 4 8,496 Honolulu Honolulu 

Norwegian Wind 2,159 1 2,159 Honolulu Honolulu 

Norwegian Sun 2,340 5 11,700 Honolulu Honolulu 

Pride of Aloha 2,340 52 121,680 Honolulu Honolulu 

Pride of America 2,146 52 111,592 Honolulu Honolulu 

NCL 

Pride of Hawaii 2,466 52 128,232 Honolulu Honolulu 

Hilo; 
Kahului; 
Kauai; 
Kona; 

Lahaina; 
Nawiliwili; 

TOTAL 166 383,859 

While the Carnival Spirit’s activity among Kahului’s itinerary patterns is marginal, NCL’s 
Pride of Aloha, Pride of America, and the newly introduced Pride of Hawaii comprise the 
majority of activity.  Vessel dimensions and their impact on market trends for Kahului are 
explored further under Cruise Vessel Evolution. 

4.4      Forecast qualifications 

The forecasts in the following section represent our best interpretation of conditions 
present in the marketplace as of the date of this report.   Actual cruise passenger and 

                                                    
5Carnival Corporation owns two land-based tour operations in Alaska—Holland America Tours and Princess Tours—
that operate buses, hotels/lodges and train cars for sightseeing.   
6 Conventional Cruise Activity refers to multi-day, multi-destination cruise deployment – exclusive of ferry operations, 
boating tours, and inter-island transportation vessels. 
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vessel arrivals to Kahului could vary and are susceptible to cruise line shifts in capacity 
deployment resulting from unforeseen changes in cruise line market philosophy(s), 
destination competition, and other factors. Our market analysis relies on the following 
qualifications: 

Passenger throughput and cruise calls include conventional cruise activity only, and 
does not take into account ferries, boating tours, and inter-island transportation 
vessels; 

All approaches assume cruise infrastructure supply (inclusive of berthing facilities and 
berth supply) keeps pace with unconstrained market growth; 

Cruise market growth (in all cruise sectors impacting Hawaii – inclusive of Hawaii, 
U.S. West Coast, Alaska, Mexican Baja, and Panama Canal) maintains a consistent, 
healthy rate of growth; 

Kahului is able to accommodate a berthing vessel or an offshore vessel tendering 
passengers through the Harbor; and, 

Cruise lines (inclusive of vessel captains and crew, vessel service and tour operators) 
are satisfied with the berthing layout(s), dockage accommodation, general cruise 
facilities, and overall operations offered at Kahului Harbor. 

Our forecast methods and the various assumptions inherent in each incorporate our best 
interpretation of demand and supply conditions present in the marketplace as of the date 
of this report. 
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Kahului Historic Passenger Throughput

Figure 2 below illustrates the historic passenger throughput for Kahului from FY2000 to 
FY2006.  Kahului has experienced an average annual growth rate of 34.0%.  Compared 
with Hawaii’s average annual growth of 28.6% over the same time period, Kahului has 
experienced tremendous growth since 20007. The rapid rate of market capture is due to 
an overall increase in the appeal of Kahului as a destination and NCL and Carnival’s 
interest in regional deployment, and the addition of new vessels to the region – 
specifically the introduction of NCL’s Pride of Hawaii in May of FY2006.  These factors 
account for the acute rise in passenger throughput in FY2006-FY2007.  Kahului passenger 
levels for FY2006-FY2007 are based on web searches of all major cruise lines, and 
Kahului Harbor’s recorded passenger numbers. 

Figure 2: Kahului Historic Throughput, FY2000-FY2006   
Source: B&A, 2007
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7 We have estimated cruise vessels in the Hawaiian region to sail recently at an average 85.6% occupancy level. 
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Growth Rate Analysis 

From a market-supply side standpoint, the cruise market cannot hope to sustain similar 
growth rates over a 23-year horizon for Kahului deployment trends, and so a projected 
trend line based upon a historic growth rate is similarly unrealistic.  For this reason, our 
growth analysis takes into consideration other factors in projecting future passenger 
throughput, such as sub-sector and regional trends, average vessel growth, cruise industry 
trends, and our overall experience.  See Figure 3. 

Figure 3: Kahului Growth Analysis Through FY20308

Source: B&A, 2007, Cruise Line website research
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As mentioned previously, the rapid growth that took place from FY2000 until the present 
date is directly related, initially, to interest in Kahului as a destination and the related 
growth, followed by the placement of NCL’s Pride of Hawaii in May FY2006.  Although 
our forecasts are unconstrained, there are prominent market factors that dictate growth.  
The introduction of a new vessel is a firm example – recent growth in the region affecting 
Kahului is directly related to NCL deployment.  Based on NCL’s newbuild schedule, they 
have now placed all vessels intended for the Hawaiian market into the region.  Our 
growth rates of 1.7% (low), 2.3% (mid), and 2.9% (high) are based on industry trends, 
comparable cruise destination growth rates, and largely reflect average annual vessel size 
increases.  Our forecasts project mid-points of 368,000 passengers by 2015 and half a 
million passengers by 2030; 592,000 passengers is our highest forecast.  This is a 68.7% 
increase over a 23-year horizon – a more conservative projection than historic trends 
would otherwise indicate.  An inherent challenge for a region – regarding cruise industry 
growth – is its overall potential capacity.  How much capacity can be placed in the 
Hawaiian sub-sector?  Most lines sailing in the Caribbean sail at vessel occupancy levels of 
between 97% and 104%.  We have assessed Kahului occupancy levels to be roughly 
85.6%.  Additionally, a daily call at Kahului by a vessel of 2,500 passengers equates to an 
estimated 910,000 passenger throughput capacity.  This result is considerably favorable 
regarding growth potential. 

                                                    
8 2006-8 projections are based on cruise lines’ planned cruise itineraries in the region. 
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Market Capture Analysis 

Projection methodology two calls for estimating present and future potential market 
levels and Kahului’s present capture rates.  Starting from FY2007, we estimated total 
potential capacity in the Hawaiian sub-sector at 527,000 passengers; this level was grown 
at an accelerated annual rate to accommodate for Kahului’s recent rapid growth (due to 
the Pride of Hawaii).  From 2008 and onwards, we followed reasonable annual growth 
rates – an average 2.3% – and viewed total potential passenger capacity at 632,000 
passengers in the region by 2015.  Growth rates were applied through 2030, to result in 
a passenger capacity of 889,000 for the overall Hawaiian sub-sector. 

Figure 4: Kahului Market Capture Analysis Through FY2030   
Source: B&A, 2007
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Three scenarios were developed (see Figure 4):  Kahului captures a modest 59% of the 
total potential market (low); Kahului captures a likely 64% of the total potential market 
(mid); and, Kahului captures a more aggressive 69% of the total potential market.  These 
have been fairly consistent marks for Kahului over the past five years in terms of regional 
capture.   The introduction of NCL’s Pride of Hawaii has been accounted for in terms of 
Hawaii’s estimated FY2007 passenger capacity levels and subsequent growth.  Under this 
projection approach, total passenger throughput is estimated to range from 373,000 to 
436,000 passengers in 2015, and from 525,000 to 613,000 by 2030.
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Anticipated Cruise Passenger Throughput to Kahului

Each of the cruise forecast scenarios generated results within a range that is reasonable 
for Kahului and for the present qualitative market trends observed in the Hawaiian sub-
sector.  A summary of the results of each projection scenario is presented in Table 4.

Table 4: Kahului Passenger Projections Overview, FY2010 - FY2030  
Source: B&A, 2007 

The final results for each projection scenario are generally consistent with one another, 
lending support to a final forecasted range of cruise passenger arrivals to Kahului of 
between 322,000 to 389,000 in 2010 and 452,000 to 613,000 in 2030.  Growth is feasible 
due to occupancy levels of the vessels sailing in the region, currently estimated at 85.6%.  
Worldwide average vessel occupancy levels are around 97% - from our experience, we 
expect passenger levels in the Hawaiian sub-sector will grow, thereby increasing overall 
vessel occupancy levels.  Kahului has a passenger throughput capacity of 910,000 (100% 
occupancy) given vessel passenger capacities, deployment patterns, and market capture 
opportunities.  Thus Kahului’s total passenger capacity is capable of accommodating our 
most aggressive 2030 market projection from a market-supply side standpoint – 613,000 
passengers. 

Over the long-term these projections increase at a lower rate than that of the last 6 
years.  We believe them to be more accurate as we continue to see the evolution of the 
U.S. West Coast Region, Hawaiian sub-sector, and the impact Kahului is having on 
deployment in the region overall.  We anticipate that the overall cruise throughput to 
Kahului will remain on the medium to high side over the considered 23-year horizon.  
Growth of the Kahului cruise market has been very favorable since the introduction of 
the newly built Pride of Hawaii and it is plausible that progressive trends will continue as 
additional tourism fundamentals and cruise operational facilities in Kahului and the overall 
region develop. 

Scenario 1:   Historic Trend Analysis / Growth Variations 
Low (1.7%) Medium (2.3%) High (2.9%) 

FY 2010 
322,407 328,147 333,955 

FY 2020 
381,605 411,932 444,469 

FY 2030 
451,673 517,108 591,555 

Scenario 2:   Market Capture Analysis (of Hawaiian Region) 
Low (capture at 59%) Medium (capture at 64%) High (capture at 69%) 

FY 2010 
332,874 361,083 389,293 

FY 2020 
417,865 453,277 488,690 

FY 2030 
524,557 569,010 613,464 

Overall Forecast Conclusion 
FY 2010  322,000 to 389,000 passengers 

FY 2020  382,000 to 489,000 passengers 

FY 2030  452,000 to 613,000 passengers 
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Cruise Vessel Evolution 

5.1      Evolution of the Modern Cruise Vessel 

The evolution of the cruise vessel has been one of the principal mechanisms propelling 
industry growth.  It has also required that cruise destinations – both the maritime port 
facilities handling homeport and port-of-call operations as well as the destinations 
themselves – evolve to meet the challenges presented by these vessels if they wish to 
participate in the large-scale segment of the cruise industry. 

Table 5: Sample of Large Cruise Vessel Types 
Source: B&A, 2007 

5.2      Accommodating Future Cruise Vessels 

As previously mentioned, for Kahului the net result of the cruise vessel development 
trends is that current facilities are not able to accommodate these large cruise vessels.  
Should Kahului Harbor choose to fully accommodate the future generation cruise vessels’ 
port-of-call service requirements (in order for the destination to remain competitive in 
the world and regional marketplace), cruise facility enhancements would be necessary.  
These efforts would entail possible expansion and overall facility improvements to 
accommodate vessel lengths and structural loads of a 1066-plus feet cruise vessel, gross 
tonnage of more than 150,000 and with a passenger complement upwards of 4,000 – 
6,000 persons per vessel.  At present, the relevant specifications of the vessels that 
comprise Kahului’s cruise market include the following: 

Type First Post - Panamax 
Today’s  

Post - Panamax 
Tomorrow’s  

Largest 
Name Grand Princess Freedom of the Seas Genesis Project 
Operator Princess Cruises RCI RCI 
Group Carnival RCCL RCCL 
Built 1998 2006 2009 
Pax (LBs) 2,600 3,634 5,400 
Pax (Max) 3,000 4,200 6,400 
GT 108,000 160,000 220,000 
LOA (ft) 950 1,112 1,181 
Beam (ft) 118 150 154 
Draft (ft) 27 28 30 
Air Draft (ft) 200 210 213 
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Table 6: Kahului’s Cruise Vessels’ Specifications, FY2007 
Source: B&A, 2007 

Specifications (feet) Cruise 
Line Vessel

Ship Length Beam Draft 
GRT Passengers 

(Lower Berths) Calls 

Carnival  Carnival Spirit  963 106 26 88,500 2,124 4 

 Norwegian Wind  754 93 22 50,760 2,159 1 

 Norwegian Sun  842 106 26 76,000 2,340 5 

 Pride of Aloha  842 106 26 76,000 2,340 52 

 Pride of America  920 106 26 80,409 2,146 52 

NCL

 Pride of Hawaii  965 106 27 93,558 2,466 52 

 Total Vessel Calls       166  

Our analysis of Kahului’s cruise market and vessel deployment trends, however, reveals 
that Kahului’s cruise activity cannot expect to see the addition of any newbuilds to the 
local or regional (Hawaiian) cruise market in the short- to mid-term.  The addition of 
NCL’s Pride of Hawaii marks the last newbuild to be added to the Hawaiian market until 
at least 2010.  Further, NCL’s ventures in other worldwide cruise markets would imply 
that any new addition to the Hawaiian market directly affecting Kahului would be a 
repositioned post-panamax vessel, as opposed to larger, next generation vessels.  In 
identifying a specific design vessel that Kahului can accommodate, we consider this to be 
the Pride of Hawaii, the largest vessel that presently calls at Kahului (52 calls, FY2007).  
The Pride of Hawaii has a length overall (LOA) of 965 feet, and a vessel draft of 27 feet.  
See tables 5 and 6 above for further vessel specifications. 
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TOTAL ESTIMATED
ALT DESCRIPTION COST

Alternatives for 2030 Master Plan

A Cruise/Ferry at West Breakwater, Expand Pier 1, 2 & 4 $389,670,000

B Cargo at West Breakwater, Cruise/Ferry at Pier 2 $358,620,000

KAHULUI HARBOR - 2030 MASTER PLAN
Order of Magnitude Cost Estimates

SUMMARY

2030 Master Plan April 2007



ITEM UNIT UNIT COST REMARKS
Dredging & Breakwaters:

Permits & Environmental Testing LS $100,000
Mitigation LS
Mobilization LS $500,000
Dredging & Disposal (offsite disposal) CY $60.00
Dredging & Disposal (on site disposal/reuse) CY $30.00
Slope Protection SY $60.00
Breakwater - 20' depth LF $25,000
Breakwater - 30' depth LF $50,000
Breakwater - 40' depth LF $100,000
Navigation Aids LS $50,000
Fill (behind wharf/bulkhead) CY $10.00 Dredged material (placement only)

Terminal Development Cost:
Mobilization LS $250,000
Property Acquisition AC $2,000,000
Site Preparation & Grading AC $10,000
Utilities and Drainage AC $50,000
Lighting, Communications and Electric AC $25,000
Pavement - Light (Autos & RO/RO) AC $250,000
Pavement - Heavy (Containers) AC $400,000
Internal Roadways LF $250
Fencing & Pavement Marking AC $12,000
Administration & Office Buildings SF $200
Sheds & Warehouses SF $150
Maintenance & Repair Buildings SF $300
Gate Complexe Cargo (2 lane) EA $500,000
Gate Complex - Other EA $100,000
Mooring Dolphin EA $100,000
Berths and Piers

Marginal Wharf - Cargo LF $20,000
Marginal Wharf - Cruise/Ferry LF $15,000
New Pier & Pier Extensions SF $200.00

Sheetpile, cap and tie-back system LF $15,000.00

Contingencies
Dredging & Breakwaters % 30.0%
Terminal Development % 30.0%

Engineering & Supervision
Dredging & Breakwaters % 10.0%
Terminal Development % 10.0%

KAHULUI HARBOR - 2030 MASTER PLAN
Order of Magnitude Cost Estimates

UNIT COSTS



ITEM UNIT UNIT COST QUANTITY COST REMARKS
Dredging & Breakwaters:

Permits & Environmental Testing LS $100,000 $0
Mitigation LS $0 $0
Mobilization LS $500,000 1 $500,000
Dredging & Disposal (offsite disposal) CY $60 400,000 $24,000,000
Dredging & Disposal (on site disposal/reuse) CY $30 200,000 $6,000,000 Fill areas
Slope Protection SY $60 0 $0
Breakwater - 20' depth LF $25,000 0 $0
Breakwater - 30' depth LF $50,000 1000 $50,000,000 West Breakwater
Breakwater - 40' depth LF $100,000 900 $90,000,000 East Breakwater
Navigation Aids LS $50,000 0 $0
Fill (behind wharf/bulkhead) CY $10 200,000 $2,000,000 Dredged material

Subtotal - Dredging & Breakwaters $172,500,000
Contingency % 30% $51,750,000
Engineering & Supervision % 10% $22,425,000

Total Dredging & Breakwaters $246,675,000

Terminal Development Cost:

Mobilization LS $250,000 1 $250,000
Property Acquisition AC $2,000,000 2.3 $4,600,000 Cargo
Property Acquisition AC $2,000,000 10.5 $21,000,000 Autos
Site Preparation & Grading AC $10,000 20.3 $203,000 West Breakwater
Utilities and Drainage AC $50,000 20.3 $1,015,000 West Breakwater
Fencing & Pavement Marking AC $12,000 20.3 $243,600 West Breakwater
Lighting, Communications and Electric AC $25,000 20.3 $507,500 West Breakwater
Pavement - Light (Autos & RO/RO) AC $250,000 20.3 $5,075,000 West Breakwater
Pavement - Light (Autos & RO/RO) AC $250,000 10.5 $2,625,000 Autos
Pavement - Heavy (Containers) AC $400,000 2.3 $920,000 Expansion areas
Internal Roadways LF $250 0 $0
Administration & Office Buildings SF $200 0 $0
Sheds & Warehouses SF $150 4000 $600,000 Cruise
Sheds & Warehouses SF $150 66,400 $9,960,000 CFS
Maintenance & Repair Buildings SF $300 0 $0
Gate Complex Cargo (2 lane) EA $500,000 0 $0
Gate Complex - Other EA $100,000 0 $0
Mooring Dolphin EA $100,000 0 $0
Berths and Piers

Marginal Wharf - Cargo LF $20,000 650 $13,000,000 Pier 1
New Pier & Pier Extensions SF $200 90,000 $18,000,000 Pier 2

   Sheetpile, Cap & Tieback System LF $15,000 600 $9,000,000 Pier 2
New Pier & Pier Extensions SF $200 25,000 $5,000,000 Pier 4
Marginal Wharf - Cruise/Ferry LF $15,000 1200 $18,000,000 Pier 5 (WB)

Subtotal Terminal Development  Costs $109,999,100
Contingency 30.0% $32,999,730
Engineering & Supervision 10.0% $14,299,883

Total Terminal Development Costs $142,998,830

Summary:
Dredging Costs $246,675,000
Terminal Development Costs $142,998,830

Total Development Cost $389,673,830

Alternative: A - Cruise/Ferry at West Breakwater, Expand Piers 1, 2, and 4

KAHULUI HARBOR - 2030 MASTER PLAN
Order of Magnitude Cost Estimates



ITEM UNIT UNIT COST QUANTITY COST REMARKS
Dredging & Breakwaters:

Permits & Environmental Testing LS $100,000 0 $0
Mitigation LS $0 0 $0
Mobilization LS $500,000 0 $0
Dredging & Disposal (offsite disposal) CY $60 475,000 $28,500,000
Dredging & Disposal (on site disposal/reuse) CY $30 125,000 $3,750,000 Fill areas
Slope Protection SY $60 0 $0
Breakwater - 20' depth LF $25,000 0 $0
Breakwater - 30' depth LF $50,000 1000 $50,000,000
Breakwater - 40' depth LF $100,000 900 $90,000,000
Navigation Aids LS $50,000 0 $0
Fill (behind wharf/bulkhead) CY $10 125,000 $1,250,000 West Breakwater

Subtotal - Dredging & Breakwaters $173,500,000
Contingency % 30% $52,050,000
Engineering & Supervision % 10% $22,555,000

Total Dredging & Breakwaters $248,105,000

Terminal Development Cost:

Mobilization LS $250,000 1 $250,000
Property Acquisition AC $250,000 0 $0 Cargo
Property Acquisition AC $2,000,000 10.5 $21,000,000 Autos
Site Preparation & Grading AC $10,000 24.3 $243,000 West Breakwater
Utilities and Drainage AC $50,000 24.3 $1,215,000 West Breakwater
Fencing & Pavement Marking AC $12,000 24.3 $291,600 West Breakwater
Lighting, Communications and Electric AC $25,000 24.3 $607,500 West Breakwater
Pavement - Light (Autos & RO/RO) AC $250,000 10.5 $2,625,000 Autos
Pavement - Heavy (Containers) AC $400,000 24.3 $9,720,000 West Breakwater
Internal Roadways LF $250 0 $0
Administration & Office Buildings SF $200 0 $0
Sheds & Warehouses SF $150 4,000 $600,000 Cruise
Sheds & Warehouses SF $150 66,400 $9,960,000 CFS
Maintenance & Repair Buildings SF $300 10,000 $3,000,000 West Breakwater
Gate Complex Cargo (2 lane) EA $500,000 1 $500,000 West Breakwater
Gate Complex - Other EA $100,000 0 $0
Mooring Dolphin EA $100,000 0 $0
Berths and Piers

New Pier & Pier Extensions SF $200 0 $0 Pier 1
New Pier & Pier Extensions SF $200 30,000 $6,000,000 Pier 2
New Pier & Pier Extensions SF $200 25,000 $5,000,000 Pier 4
Marginal Wharf - Cargo LF $20,000 1,200 $24,000,000 Pier 5 (WB)

Subtotal Terminal Development  Costs $85,012,100
Contingency 30.0% $25,503,630
Engineering & Supervision 10.0% $11,051,573

Total Terminal Development Costs $110,515,730

Summary:
Dredging Costs $248,105,000
Terminal Development Costs $110,515,730

Total Development Cost $358,620,730

Alternative: B - Cargo at West Breakwater, Cruise/Ferry at Pier 2

KAHULUI HARBOR - 2030 MASTER PLAN
Order of Magnitude Cost Estimates
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Mr. Patrick Leonard, Field Supervisor 
Pacific Islands Fish and Wildlife Office 
U.S. Department of the Interior 
300 Ala Moana Blvd., Room 3-122 
Box 50088 
Honolulu, HI  96850 
 
Dear Mr. Leonard: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your fax received on April 13, 2007, regarding the Hawaii State 
Department of Transportation’s Environmental Impact Statement Preparation Notice. A 
copy of the Draft Environmental Impact Statement will be forwarded to you.  
 
 We appreciate your concerns with regard to fish and wildlife resources and coastal 
hydrological processes in and around Kahului harbor and its environs. As you note, sea 
turtles are not known to nest in the harbor. Nonetheless, we will consult with the National 
Marine Fisheries Service with regard to the possibility that the project would affect federally 
listed species. 
 
 For the draft EIS, we have commissioned Marine Research Consultants, Inc. to 
complete a study of the harbor marine environment with attention to corals and listed 
species. Taken with earlier studies, that study will provide a systematic basis for 
understanding the existing marine environment in the harbor, and for assessing impacts of 
proposed actions and alternatives. The results of that study will be incorporated in the EIS.  
 
 You mention the introduction of alien species as a concern. This issue has been of 
concern to the Department of Transportation for some time, and it will be addressed in the 
EIS.  
 
 You enclosed a set of “Recommended Standard Best Management Practices” in your 
fax. We will consider these in developing plans for proposed actions and mitigation and 
management measures. 
 



 
Mr. Patrick Leonard 
May 17, 2007 – 07P-136 
Page 2 
 
 
 
 If you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 



email from USACE.txt
From: Pennaz, James POH [James.Pennaz@poh01.usace.army.mil]
Sent: Thursday, May 03, 2007 2:57 PM
To: John Kirkpatrick
Cc: Meyers, Daniel T POH; Tom, Patrick Y POH; Mizue, Paul POH
Subject: RE: EISPN for Kahului Commercial Harbor 2030 Master Plan/EIS

 John:  Here are some comments on the draft document.

Jim Pennaz

James Pennaz, P.E.
Chief, Civil Works Technical Branch
Engineering & Construction Division
Honolulu District
U.S. Army, Corps of Engineers
Building T-223, Walker Drive
Fort Shafter, HI    96858-5440
Phone: (808) 438-8599   FAX: (808) 438-1307

-----Original Message-----
From: Tom, Patrick Y POH
Sent: Thursday, May 03, 2007 9:23 AM
To: Pennaz, James POH
Cc: Meyers, Daniel T POH
Subject: RE: EISPN for Kahului Commercial Harbor 2030 Master Plan/EIS

some of my concerns:

1. Alt A plan - the Corps would require a maintenance easement for future 
maintenance of the existing federal west breakwater (not sure if the proposed 
breakwater/pier is intended to be a federal or locally-owned and maintained 
structure);

2. expanding the turning basin area will likely increase the wave energy reaching 
the shoreline. any mitigation measures to protect the shoreline, Kahului Beach Road,
and Hoaloha Beach? I didn't see any mention of potential shoreline erosion as one of
the impacts of the propose project.

3. as a maintenance consideration, I believe it would be easier and cheaper to 
maintain the proposed east breakwater structure, if the crest width is designed to 
be wide enough to accommodate at large crane - same goes for the proposed west 
breakwater(?) structure. cheaper than utilizing a crane on a barge - and don't have 
to worry about working the barge in bad ocean conditions.

4. need to ensure that Corps has maintenance easement access to the DLNR launch 
ramp, in order to maintain the breakwater structure.

pat

-----Original Message-----
From: Meyers, Daniel T POH
Sent: Thursday, May 03, 2007 7:38 AM
To: Pennaz, James POH; Tom, Patrick Y POH
Subject: RE: EISPN for Kahului Commercial Harbor 2030 Master Plan/EIS

It appears the West BW will have major impacts.  New BW extension and new dock 
facilities. 

-----Original Message-----
From: Pennaz, James POH
Sent: Thursday, May 03, 2007 6:50 AM
To: Meyers, Daniel T POH; Tom, Patrick Y POH

Page 1



email from USACE.txt
Subject: FW: EISPN for Kahului Commercial Harbor 2030 Master Plan/EIS

Pat/Dan:

Please look this master plan over and see if it has any impacts on our 
project.  Especially rights of way, etc.

Jim 

-----Original Message-----
From: Mizue, Paul POH
Sent: Friday, April 27, 2007 9:29 AM
To: Pennaz, James POH; 'jkirkpatrick@beltcollins.com'
Cc: Shun, Kanalei POH; Yoshimoto, Milton T POH
Subject: FW: EISPN for Kahului Commercial Harbor 2030 Master Plan/EIS

 Thanks, John.

I'm passing on to Jim Pennaz who has jurisdiction over federal navigation at the 
harbor for any comments he or his staff may have.

Paul 

-----Original Message-----
From: John Kirkpatrick [mailto:jkirkpatrick@beltcollins.com]
Sent: Friday, April 27, 2007 9:21 AM
To: Mizue, Paul POH
Subject: EISPN for Kahului Commercial Harbor 2030 Master Plan/EIS

Mr Mizue:

Per Glenn Soma's instructions, here's the EISPN. We plan to issue the draft EIS in 
July.
 <<Kahului Harbor EISPN.pdf>>
Aloha, 

John Kirkpatrick
Senior Socio-Economic Analyst
2153 North King Street, Suite 200
Honolulu, HI 96819-4554
Tel: 808 521 5361 * Fax: 808 538 7819
E-mail: jkirkpatrick@beltcollins.com
Web: http://www.beltcollins.com
____________________________________________

This message is intended for use of the addressee and may contain information that 
is privileged and confidential. If you are not the intended recipient, you are 
hereby notified that any use or dissemination of this communication is strictly 
prohibited. If you have received this communication in error, please notify us 
immediately by reply and delete this message from your system.

If this transmission includes a work product electronic file, please view the 
complete Belt Collins Electronic Media Disclaimer Form at 
http://www.beltcollins.com/emdform.pdf
____________________________________________
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Ms. Sandra L. Kunimoto, Chairperson 
Department of Agriculture 
State of Hawaii 
1428 South King Street 
Honolulu, HI  96814-2512 
 
Dear Ms. Kunimoto: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your letter dated April 19, 2007, regarding the Hawaii State 
Department of Transportation’s Environmental Impact Statement Preparation Notice. We 
note your request to be a consulted party to the Environmental Impact Statement process. A 
copy of the Draft Environmental Impact Statement will be sent to you. 
 
 We will contact Ms. Okada to understand your Department’s views and concerns. If 
you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 
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Belt Collins Hawaii Ltd. 
2153 North King Street, Suite 200  Honolulu, Hawaii 96819-4554  USA 
T/808 521 5361  F/808 538 7819  honolulu@beltcollins.com  www.beltcollins.com 

Belt Collins Hawaii is an Equal Opportunity Employer 

 
Mr. Edward T. Texeira 
Vice Director of Civil Defense 
Department of Defense 
State of Hawaii 
3949 Diamond Head Road 
Honolulu, HI  96816 
 
Dear Mr. Texeira: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your letter dated March 14, 2007, regarding the Hawaii State 
Department of Transportation’s Environmental Impact Statement Preparation Notice. A 
copy of the Draft Environmental Impact Statement will be forwarded to you. 
 
 You indicated that State Civil Defense (SCD) has determined that existing sirens in the 
Kahului harbor environs are adequate, so no new siren is needed. 
 
 We appreciate your concerns with ongoing work to improve maps and building codes, 
and with advance planning to mitigate the impacts of hurricanes, including winds, flooding, 
and storm surges. We appreciate your offer of technical help in hazard mitigation. 
 
 If you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 
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Belt Collins Hawaii Ltd. 
2153 North King Street, Suite 200  Honolulu, Hawaii 96819-4554  USA 
T/808 521 5361  F/808 538 7819  honolulu@beltcollins.com  www.beltcollins.com 

Belt Collins Hawaii is an Equal Opportunity Employer 

 
 
 
Mr. Barry Fukunaga, Director 
Department of Transportation 
State of Hawaii 
869 Punchbowl Street 
Honolulu, HI  96813 
 
Dear Mr. Fukunaga: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your letter dated April 16, 2007, regarding the Hawaii State 
Department of Transportation’s Environmental Impact Statement Preparation Notice. A 
copy of the Draft Environmental Impact Statement will be forwarded to the Statewide 
Transportation Planning Office for your review.  
 
 If you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 
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Belt Collins Hawaii Ltd. 
2153 North King Street, Suite 200  Honolulu, Hawaii 96819-4554  USA 
T/808 521 5361  F/808 538 7819  honolulu@beltcollins.com  www.beltcollins.com 

Belt Collins Hawaii is an Equal Opportunity Employer 

 
Ms. Genevieve Salmonson, Director 
Office of Environmental Quality Control 
State of Hawaii 
235 S. Beretania Street, Suite 720 
Honolulu, HI  96813 
 
Dear Ms. Salmonson: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your correspondence dated April 11, 2007 regarding the Hawaii State 
Department of Transportation’s Environmental Impact Statement Preparation Notice.  
 
 You note that the Governor of the State of Hawaii is the accepting authority for the 
Environmental Impact Statement. That will be indicated in the Environmental Impact 
Statement. 
 
 If you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc:  Glenn Soma, State DOT Harbors Division 
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Belt Collins Hawaii Ltd. 
2153 North King Street, Suite 200  Honolulu, Hawaii 96819-4554  USA 
T/808 521 5361  F/808 538 7819  honolulu@beltcollins.com  www.beltcollins.com 

Belt Collins Hawaii is an Equal Opportunity Employer 

 
 
 
Mr. Carl M. Kaupalolo, Fire Chief 
Department of Fire and Public Safety 
County of Maui 
55 Mahalani Street 
Wailuku, Maui, HI  96793 
 
Dear Chief Kaupalolo: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your letter dated May 14, 2007 regarding the Hawaii State Department 
of Transportation’s Environmental Impact Statement Preparation Notice. A copy of the 
Draft Environmental Impact Statement will be forwarded to you. 
 
 If you have further comments or questions, please contact me at your convenience.  
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 
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Belt Collins Hawaii Ltd. 
2153 North King Street, Suite 200  Honolulu, Hawaii 96819-4554  USA 
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Belt Collins Hawaii is an Equal Opportunity Employer 

 
Mr. Thomas M. Phillips 
Chief of Police 
Police Department 
County of Maui 
55 Mahalani Street 
Wailuku, Maui, HI  96793 
 
Dear Chief Phillips: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your letter dated March 12, 2007, regarding the Hawaii State 
Department of Transportation’s Environmental Impact Statement Preparation Notice. A 
copy of the Draft Environmental Impact Statement will be forwarded to you. 
 
 We appreciate your concern with regard to traffic, public facility, and infrastructure 
impacts of the expansion of the commercial harbor. These topics will be addressed in the 
Draft Environmental Impact Statement. A separate traffic study has been commissioned. Its 
findings will be included in the Draft Environmental Impact Statement.  
 
 If you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 
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Belt Collins Hawaii Ltd. 
2153 North King Street, Suite 200  Honolulu, Hawaii 96819-4554  USA 
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Mr. Milton M. Arakawa, A.I.C.P., Director 
Dept. of Public Works and Environmental Management 
County of Maui  
200 S. High Street, Room 322 
Wailuku, Maui, HI  96793 
 
Dear Mr. Arakawa: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your letter dated April 5, 2007, regarding the Hawaii State Department 
of Transportation’s Environmental Impact Statement Preparation Notice. A copy of the 
Draft Environmental Impact Statement will be forwarded to you. 
 
 We appreciate your concern with regard to seaweed accumulation in the vicinity of the 
boat ramp on the west breakwater. We also note your concern with construction waste 
associated with the project. These topics will be addressed in the Draft Environmental 
Impact Statement. 
 
 If you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 



 



From: Wayne Boteilho

To: Kahului HarborEIS; 

CC: Don Medeiros; Jane Lovell; 

Subject: Kahului Harbor EIS

Date: Monday, April 02, 2007 12:27:03 PM

Attachments:

 
Mr. John Kirkpatrick, Project Manager 
Belt Collins Hawaii, Ltd. 
2153 North King Street, Suite 200 
Honolulu, Hawaii  96819 
 
Dear Mr. Kirkpatrick: 
 
Thank you for your correspondence dated March 6, 2007, requesting 
comment regarding the preparation of an environmental impact statement 
(EIS) for the Kahului Commercial Harbor 2030 Master Plan. 
 
During the EIS preparation, the County Department of Transportation 
(DOT) requests that mass transit be considered as a mitigation to 
traffic concerns.  On page 13 of the EIS preparation notice, it is 
stated that a traffic study will be conducted.  The County DOT requests 
that facilities for mass transit be incorporated into future planning 
for the harbor.  There needs to be designated areas with appropriately 
designed bus bays, shelters, benches, etc.  Maui County's bus system has 
been highly successful and is expected to grow.  A well planned mass 
transit facility at Kahului Harbor will result in a win-win situation 
for passengers and government. 
 
Aloha, 
 
Wayne Boteilho, Deputy Director 
Department of Transportation 
County of Maui 
200 S. High Street 
Wailuku, HI 96793 
 
Phone:  (808) 270-5563 
Fax:       (808) 270-7505 

mailto:Wayne.Boteilho@co.maui.hi.us
mailto:/O=BCHEX01/OU=FIRST ADMINISTRATIVE GROUP/CN=RECIPIENTS/CN=KAHULUIHARBOREIS
mailto:DAMED.mis2po.mis2domain@co.maui.hi.us
mailto:Jane.Lovell@co.maui.hi.us
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Mr. Wayne Boteilho, Deputy Director 
Department of Transportation 
County of Maui 
200 South High Street 
Wailuku, Maui, HI  96793 
 
Dear Mr. Boteilho: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your email dated April 2, 2007, regarding the Hawaii State Department 
of Transportation’s Environmental Impact Statement Preparation Notice. A copy of the 
Draft Environmental Impact Statement will be forwarded to you.  
 
 We appreciate your request that mass transit be considered as a mitigation to traffic 
concerns.  
 
 We understand that your Department is discussing with the Maui Harbormaster the 
idea of placing of a bus stop near Pier 1, as that is where cruise ships now dock. The EIS will 
note current plans and anticipated demand for mass transit under the future alternatives 
being studied.  
 
 If you have further comments or questions, please contact me at your convenience.  
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 
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Michael Lim

From: Patrick Shaw [patrick.shaw@hawaiiantel.net]
Sent: Friday, March 09, 2007 12:40 PM
To: Kahului HarborEIS
Subject: RE: Kahului Commercial Harbor 2030 Master Plan Environmental Impact Statement 

Preparation Notice (EISPN)

Importance: High

Follow Up Flag: Follow up
Flag Status: Completed

Categories: _KahuluiEISPN Comment

Aloha, John.

Does this EISPN signify that these are the only two alternatives that remain alive for 
consideration?

Can Harbor users no longer submit suggestions for consideration?

Is any possibility of an alternative with two cruise ship berths possible at this point in
time?

NWCA's Operations and Technical Committee is to meet later this month in Seattle, and this
issue is on the agenda for discussion, which may lead to suggestions from the members in 
mid to late April on lower-cost alternatives based on their experiences in harbors around 
the world.....would such suggestions now be too late in coming, and if not, what is the 
practicality of such suggestions being discussed and incorporated into a possible 
alternative?

Regards,

Patrick Shaw
NWCA Hawaii
PO Box 29217
Honolulu, HI 96820
(808) 221-1880
(866) 540-3837 Fax
Patrick.Shaw@hawaiiantel.net

-----Original Message-----
From: Kahului HarborEIS [mailto:KahuluiHarborEIS@beltcollins.com]
Sent: Thursday, March 08, 2007 2:33 PM
To: Kahului HarborEIS
Subject: Kahului Commercial Harbor 2030 Master Plan Environmental Impact Statement 
Preparation Notice (EISPN)

The attached Kahului Commercial Harbor 2030 Master Plan EISPN has been published in the 
March 8, 2007, Office of Environmental Quality Control Environmental Notice. Comments on 
this EISPN will be accepted through April 9, 2007. Please direct electronic comments to 
KahuluiHarborEIS@beltcollins.com, or mail comments to:

Mr. John Kirkpatrick
Belt Collins Hawaii Ltd.
2153 North King Street, Suite 200
Honolulu, HI  96819

with copies to:

Mr. Glenn Soma



2

Harbors Division
State of Hawaii Department of Transportation
79 South Nimitz Highway
Honolulu, HI  96813-4898

Office of Environmental Quality Control
235 South Beretania Street, Suite 702
Honolulu, HI  96813

 <<Kahului Harbor EISPN.pdf>> 
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Mr. Patrick Shaw 
North West Cruiseship Association Hawaii 
P.O. Box 29217 
Honolulu, HI  96820 
 
Dear Mr. Shaw: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your email dated March 9, 2007, regarding the Hawaii State 
Department of Transportation’s Environmental Impact Statement Preparation Notice. A 
copy of the Draft Environmental Impact Statement will be forwarded to you. 
 
 The Draft Environmental Impact Statement will consider three alternatives: two that 
emerged from discussions with the Maui Harbor Users Group, and a no-action alternative. 
In the Environmental Impact Statement process, impacts are considered, and mitigation 
measures for impacts considered significant are identified. The result may be a preferred 
alternative distinct from the alternatives initially considered.  
 
 Harbor users may submit additional suggestions for consideration. Based on feedback 
received during past meetings, the idea of dedicating more than one pier at Kahului to 
cruise ship use was opposed by the large majority of Maui Harbor Users Group members. 
The Department of Transportation is taking both demand and the concerns of harbor users 
into account in planning for Kahului harbor.  
 
 We will carefully consider proposals the North West Cruiseship Association puts 
forward. If you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 
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Michael Lim

From: Surfrider Foundation Maui Chapter [surfridermaui@hawaii.rr.com]
Sent: Sunday, March 11, 2007 6:49 AM
To: Kahului HarborEIS
Subject: impact to surf sites

Categories: _KahuluiEISPN Comment

Aloha
Surfrider would like to know the impact to surf sites from the proposed alternatives.
Mahalo
Jan Roberson
Maui Chapter Chair
The Surfrider Foundation
(808) 575-2716
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Belt Collins Hawaii Ltd. 
2153 North King Street, Suite 200  Honolulu, Hawaii 96819-4554  USA 
T/808 521 5361  F/808 538 7819  honolulu@beltcollins.com  www.beltcollins.com 

Belt Collins Hawaii is an Equal Opportunity Employer 

 
Ms. Jan Roberson 
Maui Chapter Chair 
Surfrider Foundation 
P.O. Box 790549 
Paia, Maui, HI  96779 
 
Dear Ms. Roberson: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your email dated March 11, 2007, regarding the Hawaii State 
Department of Transportation’s Environmental Impact Statement Preparation Notice. A 
copy of the Draft Environmental Impact Statement will be forwarded to you. 
 
 Expansion of the commercial harbor will likely involve expansion of the turning basin, 
affecting the location of surf sites. An account of potential impacts to surfing will be 
included in the Draft Environmental Impact Statement.  
 
 If you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 



 



From: Nami Ohtomo [nohtomo@HTBYB.com] 
Sent: Monday, April 09, 2007 4:08 PM 
To: Kahului HarborEIS 
Subject: comments from Young Brothers 
 
Attachments: YB comments - Kahului 2030 EISPN.doc 
Aloha John, 
YB’s comments are attached.  Please feel free to contact me with questions. 
  
Nami Ohtomo 
Manager, Strategic Planning 
Young Brothers, Ltd. 
Pier 40 - P.O. Box 3288 
Honolulu, Hawaii 96801-3288 
Phone: (808) 543-9493 
Fax: (808) 543-9450 
nohtomo@htbyb.com 
  
    

This email and any files transmitted with it are confidential and intended solely for the use of the intended recipient. If the reader of this email message 
is not the intended recipient (or the person responsible for the delivery of this email message to an intended recipient), you are hereby notified that you 
have received this email message and any attachments in error, and that any reuse, review, printing, dissemination, distribution or copying of this 
message is strictly prohibited. If you have received this email in error, please reply to the sender that you have received this email message in error 
and delete the email message and any attachments without printing or making any copies of the email message or any attachments. Please note that 
any views or opinions presented in this email are solely those of the author and do not necessarily represent those of the company. Finally, the 
recipient should check this email and any attachments for the presence of viruses. The company accepts no liability for any damage caused by any 
virus transmitted by this email.  

  

Hawaiian Tug & Barge - Young Brothers, Pier 40, P.O. Box 3288, Honolulu, HI 96801-3288    

www.htbyb.com  
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REVIEW COMMENTS by YOUNG BROTHERS, LTD. 
KAHULUI COMMERCIAL HARBOR 2030 MASTER PLAN EISPN (Feb. 2007) 

 
Comment 

# 
PAGE SECTION COMMENT 

1 N/A General 
comment 

The possibility of a “second harbor” beyond 
Kahului often came up in discussion at the 
MHUG master planning meetings in 2006-2007.  
The project should address island-wide harbor 
planning issues, rather than being limited to 
Kahului.  Suggest that the EIS at least review 
areas of Maui where a second harbor has been 
considered/suggested in the past and summarize 
the conclusions of past studies on the recurring 
issue of the feasibility of the second harbor 
concept. 

2 2 Interested 
parties 

Please spell out “Young Brothers, Limited”. 

3 2-3 Physical 
setting 

This section lists the affected TMKs, but appears 
to leave out the TMKs for the parcels underlying 
the Kahului Railway Building and the Old 
Kahului Store.  Also the terminology is unclear 
whether the referenced “subject property” is the 
same parcel(s) as the referenced “Kahului 
Commercial Harbor 2030 Master Plan project 
area.” 

4 5 Primary and 
secondary 
objectives 

Separation of cargo and passengers was often 
mentioned at MHUG, and may warrant inclusion 
as a primary objective (not secondary). 

5 7 Alt A Discussion starts off with “Alternative A”, then 
immediately refers to “Alternative 1”. 

6 7 Alt A First paragraph should also specify “achieve clear 
separation between cargo and passenger traffic” 
as a reason for relocating passenger operations, in 
addition to “relieve existing congestion and 
provide capacity for cargo growth….” 

7 7-8 Alt A & B Particularly in Alt A, but also in Alt B, please 
specify for the container yards that back-up lands 
would be hardened to appropriate specifications. 

8 6-9 Alternatives Text description should be clarified to indicate – 
consistent with Figures 2 thru 4 – that while the 
No Action Alt includes a new Pier 4, the Pier 4 
configuration indicated in Alts A and B is 
different. 
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9 7-8, 

Figures 
2,3,4 

Alternatives It appears that the A&B properties on the corner 
of Wharf Street and Kaahumanu Avenue are 
identified only as “possible harbor expansion 
areas” (see Figures).  The No Action and other 
Alternatives should encompass and address the 
potential impacts of developing these A&B 
properties.  The DOT has already prepared and 
approved an FEA/FONSI pursuant to HRS 
Chapter 343 for the acquisition of the A&B 
properties (July 2006) and the legislative 
appropriation to acquire this property clearly 
states that it is for the purpose of expanding inter-
island barge terminal facilities at Kahului Harbor 
to accommodate the increasing volume of inter-
island cargo handled at this harbor and the 
operation of modern cargo handling equipment.  
Moreover, in a memorandum of understanding 
signed by YB, DOT, and the Consumer Advocate 
in 2006, DOT affirmed that it will provide YB 
with such additional operating space within the 
A&B property.  Therefore, the A&B properties 
should be more clearly included in the definition 
of the No Action alternative and both action 
alternatives. 

10 6-9 Alternatives Discussion of alternatives considered but rejected 
should be included in Draft EIS, including those 
for “second harbors” in locations beyond Kahului.

11 8 Paragraph 5, 
1st line 

Typo? “…dedicated and facilities…”.  Meaning 
unclear. 

12 10, 15 Terrestrial 
Flora and 
Fauna 

The EIS should address the potential impacts to 
trees located on the A&B property.  (See 
comments on Cultural and Historic Resources.) 

13 16 Socioeconomic 
conditions 

The EISPN states that a “current socioeconomic 
impact analysis will be presented in the Draft 
EIS”.  This analysis should include impacts of 
changing the primary use of the acquired A&B 
parcels from primarily retail and non-harbor 
related office use to primarily harbor-related uses. 

14 14, 17 Cultural and 
Historic 

Impacts on incorporating A&B properties should 
be addressed in the EIS.  For example, the EISPN 
does not specifically describe and address 
potential impacts to the Kahului Railroad 
Building and the Old Kahului Store located on 
A&B property.  The Draft EIS should reference 
the FEA/FONSI for the A&B acquisition, which 

 Page 2 of 3



specified that the 2030 master plan would discuss 
and develop plans for these two buildings.  At a 
minimum, the Draft EIS should address the 
demolition of the non-historic elements of these 
buildings.  Per the FONSI, the trees on the A&B 
properties should also be addressed, and 
mitigation proposed for any impacts. 

15 Fig. 1 Project 
Location 

This figure should include, within the project 
location, the parcels underlying the Kahului 
Railway Building and the Old Kahului Store.  It 
does not currently do so. 

16 Fig 2, 
3, and 
4 

Alternative A, 
B, and No 
Action 

Additional areas beyond those shaded at Piers 1, 
2, and 3 should be labeled as “possible harbor 
expansion areas”, as shown in drawings presented 
at MHUG master planning meetings. 
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Belt Collins Hawaii Ltd. 
2153 North King Street, Suite 200  Honolulu, Hawaii 96819-4554  USA 
T/808 521 5361  F/808 538 7819  honolulu@beltcollins.com  www.beltcollins.com 

Belt Collins Hawaii is an Equal Opportunity Employer 

Ms. Nami Ohtomo 
Young Brothers, Limited 
1331 N. Nimitz Highway 
Honolulu, HI  96817 
 
Dear Ms. Ohtomo: 
 

Environmental Impact Statement Preparation Notice for the 
Kahului Commercial Harbor 2030 Master Plan 

                                    Maui, Hawaii                                     
 
 Thank you for your email dated April 9, 2007, regarding the Hawaii State Department 
of Transportation’s Environmental Impact Statement Preparation Notice. A copy of the 
Draft Environmental Impact Statement will be forwarded to you. 
 
 We acknowledge your comments regarding plans for a second harbor, the impacts of 
use of the “A & B parcels,” and the wording of the EISPN. 
 
 The EIS will include discussion of past second harbor studies and of anticipated need 
for a second harbor.  
 
 In the EISPN, we addressed the “A & B parcels” much as we addressed other parcels 
that might be acquired by the Department of Transportation to respond to the Maui’s need 
for additional harbor lands. We recognize that more information can be provided about the 
impacts of anticipated near-term and long-term uses of the “A & B parcels,” and will discuss 
these at more length in the draft EIS.  
 
 If you have further comments or questions, please contact me at your convenience. 
 

Sincerely yours, 
 
BELT COLLINS HAWAII LTD. 
 
 
 
John Kirkpatrick 
Senior Socio-Economic Analyst 

 
JK:lf 
 
cc: Genevieve Salmonson, OEQC 
 Glenn Soma, State DOT Harbors Division 
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I. PURPOSE 
 
The State of Hawaii Department of Transportation Harbors Division has 
developed plans for Kahului Commercial Harbor in furtherance of its mission , 
“to provide a safe, efficient, accessible, and inter-modal transportation system 
that ensures the mobility of people and goods, and enhances and/or preserves 
economic prosperity and the quality of life.” As part of the 2030 Master Plan, 
several alternative plans have been developed to address future requirements 
for Kahului Commercial Harbor.  Alternative A involves expansion of Piers 1, 2 
and 4 for Cargo Operations and development of the Western Breakwater for 
Passenger Operations. Alternative B the western breakwater would be 
developed for cargo operations, and Pier 2 would accommodate the inter-
island ferry and cruise ship operations.  Under the “No Action Alternative” Piers 
1, 2 and 3 would remain unchanged, while construction of a new Pier 4, which 
has already been approved, would proceed to provide additional berthing and 
facilities for bulk cargo, and fuels. A complete description of the scope of each 
proposed alternative is presented in the EISPN for Kahului Commercial Harbor 
Master Plan 2030.  
 
One of the considerations for the proposed project is the effect on the marine 
communities that inhabit the area. To date, assessment of marine resources 
within, and immediately outside the Harbor have been limited to descriptive  
assessments of the area drawn primarily from the Maui Coastal Resource 
Inventory (1981).  As an initial phase of the characterization of marine 
resources, the intent of this study is to create a benthic habitat map that 
characterizes the marine environment within, and immediately outside of 
Kahului Harbor, with particular emphasis on the regions that would most likely 
be affected by the proposed Alternative Actions A and B described above. The 
survey area encompassed approximately 1.8 million square meters [m2] (443 
acres). Of this total 867,000 m2 (214 acres) was inside the Harbor, and 
926,000 m2 (229 acres) was outside the Harbor.    
  
II. METHODS 
 
“Mapping coral reef areas is the essential first step to management and can be 
done with a range of techniques” (emphasis added)(Hill and Wilkinson 2004). 
As such, the initial approach to assessment of the biotic communities within, 
and in the vicinity of Kahului Harbor, is development of a benthic habitat 
mapping scheme. It is important to note that as a first step, such habitat maps 
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are not meant to provide exhaustive comprehensive species lists, nor provide 
detailed quantitative data of small segments of the environment that would be 
the results of intensive survey methods that employ techniques such as quadrats 
and transects. If such data is required, it will be the target of future studies 
designed to address specific questions.   
 
All methods utilized in this report follow standard procedures for processing 
coral reef remote sensing imagery (e.g., Andréfouët et al. 2003, Green et al. 
2000, Mumby et al. 1998). A good discussion of the uses and techniques for 
mapping of coral reef habitats is presented in Hill and Wilkinson (2004). 
Mapping protocols similar to those employed in the present study have also 
been utilized by several federal agencies including the U.S. Geological Survey 
and U.S. National Park Service (e.g., Gibbs et al. 2007), as well as the NOAA 
National Center for Coastal Ocean Science, Biogeography Program, which has 
developed benthic habitat maps of portions of the Main Hawaiian Islands 
(however, these maps do not include the Kahului Harbor area).  
 
The benthic habitat map was created based on commercially available satellite 
remote sensing imagery. A fully georeferenced IKONOS multispectral + 
panchromatic satellite image of Kahului Harbor was purchased from the Image 
Library at GeoEye Inc. (image data originally acquired April 9, 2002, at 1105). 
The image had 4 m (13 ft) ground sample distance in the spectral (color) bands 
and 1 m (3.2 ft) ground sample distance in the panchromatic band. The higher 
resolution panchromatic information was used to “sharpen” the color bands 
using the Gram-Schmidt Spectral Sharpening feature of ENVI (Environment for 
Visualizing Images, Research Systems, Inc.). The result is a set of color bands at 
1 m ground sample distance. The IKONOS image was processed to highlight 
submerged features, which revealed areas of different bottom composition 
(Figure 1). 
 
All fieldwork was carried on March 31, and May 11-12, 2007 by SCUBA divers 
working from an 8-m (26 ft) boat. Coral and macrobenthos abundance and 
substratum type were delineated using a method for ground truthing remote 
sensing data modified from Bainbridge and Reichelt (1988). In-water survey of 
the reef consisted of two steps.  First, the entire area of the reef was qualitatively 
surveyed using a Manta tow method to determine broad-scale zonation and 
patterns in bottom cover. Surveys were conducted by divers traversing the reef 
using underwater propulsion vehicles, or by towing abreast of the boat.   
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In the second step, 68 individual survey points were chosen by the observers 
that best characterized the reef by geomorphological zone (structural 
composition), dominant bottom cover (both biotic and non-biotic), and water 
depth. The points were geo-located using a hand-held differential Garmin 
Model 72 GPS (reported accuracy 4-8 m (13-26 ft).  Because of the capability to 
survey the entire subject area, survey points were not randomly selected. Rather, 
points were chosen to define boundaries between major habitats, as well as to 
identify multiple points of the same habitat at different depths. In this manner, it 
was assured that no gaps were left in the characterization of the reef.  In 
addition, numerous underwater digital photographs of each reef habitat were 
taken and archived. 
 
In the lab, survey points were located on the georeferenced satellite 
multispectral image which served as the basis for statistical image classification.  
“Training classes” (defined as the dominant bottom cover) were created by 
assigning a class label to a survey point using the ground truth data for context.  
To spectrally define a “region of interest” for a training class, 20-30 adjoining 
pixels were isolated and included in the class.  Because the same class could 
occur at different depths, the final classes could exhibit several different 
multispectral patterns.  Thus, it was often necessary to merge several 
independent training classes to the same final class label. After the merging 
procedure, all training classes with the same spectral label were used to create 
the map showing the distribution of bottom cover over the reef (Figure 2).    
 
 
 
III. RESULTS 
 
A. General Physical Overview 
 
Kahului Harbor is located on the south side of Kahului Bay on the north coast of 
the Island of Maui.  The Harbor is fan-shaped; two rubble-mound breakwaters 
that angle toward the channel mouth form a semi-enclosed basin with an area 
of approximately 200 acres (0.8 km2).  The 600-foot (183 m) wide opening 
between the seaward ends of the breakwaters forms the channel entrance 
(Figure 1).   
 
Figure 3, produced from USACE Hydrographic survey data and SHOALS LiDAR 
data, shows the bathymetric structure of the Harbor and surrounding area.  
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The eastern side of the Harbor is dredged to a depth of greater than 10 m (33 
ft) and contains the commercial port facilities, while the western side of the 
Harbor consists primarily of a shallow, un-dredged reef platform less than 4 m 
(13 ft) in depth. A small boat channel has been dredged through the reef 
platform leading from the small boat launching ramp located at the 
westernmost corner of the Harbor. The shoreline of the inner Harbor is 
composed of sand and rubble beaches with several boulder groins.  
 
The ocean floor in the Harbor channel, and the immediately surrounding areas, 
consists of sand. However, off the outer sides of both the east and west 
breakwaters, shallow reefs occur.  While no depth contour data was available 
for reef area outside of the western breakwater, it can be seen in Figure 3 that 
the reefs off the eastern breakwater are relatively shallow at depths of 
approximately 4 m (13 ft). The areas evaluated in this report include the reefs 
immediately adjacent to the inner and outer faces of the east and west 
breakwater, as well as the Harbor basin.  
 
B. Benthic Classification 
 
1. Reef Zone Classification and Boundaries    
 
Owing to the physical and biotic structure of Kahului Harbor, as well as the 
locations of the proposed alterations of separate areas of the Harbor under the 
various alternatives listed above, results are divided into five separate classes or 
zones. These classes are referred to as: 1. Outside East Breakwater; 2. Inside 
East Breakwater; 3. Outside West Breakwater; 4; Inside West Breakwater; and 
Harbor Basin (Figure 4).   
 
a. Outside East Breakwater 
 
The region outside the Harbor basin fronting the East Breakwater is an 
extremely diverse area in terms of both physical structure and biotic community 
assemblages. The seaward portion of the reef is characterized by substantial 
vertical relief, consisting of a series of narrow “finger reefs” that have nearly 
vertical sides and flat upper surfaces. The finger reefs are composed of accreted 
limestone from growth of corals and other calcifying organisms. These fingers 
are clearly visible in Figure 1at coordinates of approximately 20º54' N, 
156º28'07".  Coral cover on the steeply sloping sides of the fingers is uniformly 
close to 100%, composed exclusively of overlapping plates of various species of 
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the genus Montipora (Figure 5). The tops of the fingers are colonized with a 
variety of coral species which occur primarily in flat encrusting or plating growth 
forms including Porites lobata, Montipora patula, M. flabellata, M. capitata, as 
well as the sturdy branching coral Pocillopora meandrina (Figures 5 and 6). Also 
abundant on the tops of the finger reefs was the soft-bodied colonial zoanthid 
Palythoa tuberculosa. Total coral cover on the tops of the finger reefs was on the 
order of 25-50%. While calcareous encrusting algae was common on the finger 
reefs, fleshy macroalgae was relatively rare. Motile macro-invertebrates were 
limited to rarely occurring sea urchins Echinothrix diadema and the boring 
urchin Echinometra mathaei.  
 
Inland from the finger reefs, the reef on the outside of the East Breakwater has 
less vertical relief with the absence of the vertical walls. Rather, the 
geomorphology of the reef is a raised limestone platform that is bisected by 
several large sand channels (Figures 1-3). Coral cover is less on the reef 
platform than on the more seaward zone, and is far patchier in occurrence. 
Dominant coral species were Pocillopora meandrina and Montipora spp. 
Scattered over the reef platform were large patches of short-fingered Porites 
compressa. The primary difference between the seaward finger reefs and the 
inner reef platform is the preponderance of fleshy macroalgae that occurred 
along with corals on the latter. The most noticeable alga was the fluorescent 
blue species Martensia fragilis which was very abundant throughout the area 
(Figure 7.) The most dominant alga was Acanthophora specifera, which covered 
large expanses of the reef surface (Figure 7). Other conspicuous algae were 
Halymenia formosa and Amansia glomerata. While these species were the most 
abundant and conspicuous, a multitude of other species were also observed 
over the reef platform. Total cover of macro-algae on the reef platform was on 
the order of at least 50%. With decreasing distance from shore, algal 
abundance increased and coral abundance decreased. 
 
The most abundant motile macro-invertebrates were the sea cucumbers 
Holothuria atra and Actinopyga mauritiana.  Sea urchins were conspicuously 
absent across the reef platform.  
 
The reef platform outside the eastern breakwater contained the highest 
abundance and diversity of fish of any of the areas around Kahului Harbor, 
largely based on the greatest degree of habitat relief. As is typical on many 
Hawaiian reefs, the most common fishes were the damselfishes (Chromis agilis, 
C. hanui, Abudefduf abdominalis), as well as a variety of surgeonfishes 
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(Acanthurus nigroris, A. nigrofuscans, A. olivaceus,  Naso lituratus) and  
butterflyfishes  Chaetodon miliaris, C. multicinctus, C. quadrimaculatus, and C. 
auriga). Hawkfishes (Parracirrhites arcatus, P. forsteri, and Cirrhitops fasciatus) 
were common sitting on the upper branch tips of colonies of Pocilloporid corals. 
Common wrasses included Bodianus bilunulatus and Thallosoma duperrey. 
Numerous squirrelfish (Myripristes spp.) were observed under ledges cut in the 
reef platform. Several small jacks (Caranx melampygus) were observed 
swimming between the reef top and the channels between the reef fingers.  On 
the sand flats that bisected the reef platform, the blue-lined snapper (Lutjanus 
kasmira) as well as several goatfishes (Mulloidichthys spp.) were observed.  
 
 In general, the marine habitats on the outside of the Eastern Breakwater were 
remarkable in the diversity of physical structure and biotic composition.   
 
b. Outside West Breakwater 
 
The reef habitats outside of the west breakwater are substantially different than 
off the east breakwater. Most of the bottom cover off the east breakwater 
consists of sand, with the exception of an area of raised hard-bottom that is 
visible in Figure 1 at coordinates of approximately 20º54'05"N and 
156º28'35"W. Benthic cover of the platform consist almost exclusively of the soft 
bodied zooanthids Palythoa spp. and Zooanthus spp. (Figure 8). While these 
“soft corals” are very abundant in the area comprising up to 90% of bottom 
cover, stony corals comprised 5-10% of bottom cover, consisting primarily of the 
species Porites lobata, Pocillopora meandrina, Montipora patula and M. 
capitata. The dominant algae in the area were various encrusting red 
calcareous species including Pneophyllum sp., and Hydrolithon spp. 
 
As off the outer eastern breakwater, macro-invertebrates were very sparse in the 
area, limited to rarely occurring Echinometra mathaei.  
 
c. Inside East Breakwater 
 
The East Breakwater seaward of Pier 1 is constructed of tubular concrete “dolos” 
that extend from to the sand/mud floor of the Harbor basin. These submerged 
concrete structures are designed to provide a maximum amount of surface 
area, and as a result provide an ideal habitat for settlement of coral inside the 
wave-sheltered Harbor. In addition, the spaces created in between the concrete 
structures provides sheltered habitat for fish and invertebrates (e.g. spiny 
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lobsters Panulirus spp.).  The dominant coral colonizing the concrete structure is 
Montipora capitata, which is well-adapted to colonize the concrete pillars as flat 
overlapping plates (Figure 9). As is often observed in other Hawaiian settings, 
Montipora capitata is a very sediment-tolerant species, and many of the 
colonies on the concrete structures inside the Harbor were partially covered by a 
coating of fine-grained sediment (Figure 9). Other corals that were observed 
include small colonies of Pocillopora meandrina, as well as colonies of Porites 
lobata and P. compressa. While present, these species comprised only a minor 
component of the coral community that consisted primarily of Montipora. 
Frondose macroalgae were rare along the inner eastern breakwater, limited to 
several large Halymenia formosa attached to the concrete structures. Sea 
urchins were not observed on the concrete structures.  
 
The most abundant fish species included a variety of squirrelfishes 
(Holocentridae) in the interstitial spaces created by the dolos. Small jacks 
(Caranx melampygus) and a variety of surgeonfish (Acanthuridae) were also 
observed, as was a single sailfin tang (Zebrasoma veliferum). 
 
d. Inside West Breakwater 
  
The western breakwater is composed of basaltic boulders that extend to the 
shallow, un-dredged Harbor floor. Within the intertidal range, the boulders are 
covered with calcareous encrusting algae as well as the patches of the red alga 
Hypnea sp. and the green alga Chaetomorpha antennina (Figure 10). Contrary 
to the inner western breakwater, where man-made structures are nearly 
completely colonized by coral, the submerged boulder surfaces on the inner 
side of the western breakwater are relatively barren. The predominant 
colonizers are isolated heads of the hemispherical branching coral Pocillopora 
damicornis and P. meandrina, small plates of Montipora spp., as well as soft 
zooanthids Palythoa and Zooanthus (Figure 10).  Sea urchins, particularly 
Echinothrix diadema and Tripneustes gratilla were common on the boulder 
surfaces of the inner western breakwater (Figure 10).  
 
e. Harbor Basin  
 
The Harbor basin, extending from the entrance channel between the ends of the 
east and west breakwaters to the shoreline is comprised of a variety of habitats. 
Most of the Harbor floor that has been previously dredged is composed of sand 
or mud. Bottom areas close to the western breakwater consisted primarily of 
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coarse sands with substantial shell fragments, while most of the central Harbor 
floor and eastern basin between Piers 1 and 2 were muddy sands containing 
numerous burrows from benthic infauna (likely a varied community including 
crabs, shrimps and worms) (Figure 11).  
 
A section of the inner Harbor basin that extends from approximately the midway 
point of the fill area comprising the western shoreline of the Harbor basin to the 
innermost part of Harbor of Hoaloha Beach does not appear to have been 
extensively dredged in the past. As a result, the substratum is predominantly 
hard bottom consisting of a limestone reef platform. The most prevalent biota 
on the reef are the soft zooanthids Palythoa and Zooanthus, which constitute 
near complete bottom cover over large areas (Figure 12). On sections of the 
reef platform with steep vertical relief, overlapping plates of Montipora capitata 
are prevalent (Figure 13). Other corals occurring on the reef platform were 
Pocillopora meandrina, P. damicornis, and occasional large heads of Pavona 
duerdeni (Figure 13).  Also common on the reef platform were a variety of 
macroinvertebrates including the urchins Echinothrix diadema and Tripnestes 
gratilla, the sea cucumbers Holothuria atra and Actinopyga mauritiana. 
Numerous “feather-duster” sabellid worms were also observed across the reef 
face, particularly in areas covered with zooanthids.   
 
The dominant alga in the inner Harbor basin was Bryopsis hypnoides, which 
occurred as green tuft-like plants throughout the area. Fish were rarely observed 
within the inner Harbor basin during the current study, also the species Mugil 
cephalus, Selar crumenophthalmus Decapterus macarellus, Acanthurus 
triostegus, Etrumeus micropus, Kuhlia sandvicensis, Caranx ignobilis and Chanos 
chanos have been reported as common within the Harbor (Ziemann 2003).  
 
C. Benthic Habitat Map 
 
Figure 2 shows the benthic habitat map produced by the supervised 
classification scheme described above. Spectral resolution of the image allowed 
for distinction of four bottom classifications dominated by biotic cover, including 
dense coral (>50% bottom cover); moderate coral cover (20-50% bottom 
cover); dense macroalgae (>50% bottom cover), and moderate macroalgae 
(20-50% bottom cover). Two additional abiotic bottom cover classes were also 
mapped, which included pavement (hard bottom) and soft sediment (sand and 
mud).  
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Examination of the habitat map reveals several important points. First, while 
there are gradations between zones, in general the reef zonation pattern is fairly 
distinct, and allows good distinction of dominant biotic assemblages throughout 
the area of interest.  A second aspect that is apparent is that while Kahului 
Harbor is “man-made” the habitats inside and directly outside the Harbor 
structures are comprised of healthy and diverse reef communities. Other than 
the dredged portions of the Harbor basin were there areas that it was evident 
that the Harbor structures had resulted in any impairment or damage to reef 
community structure. Rather, structures that formed the Harbor breakwater 
provided ideal substrata for settlement of corals.   
 
Table 1 shows results of classification of the reef in terms of area coverage of 
each reef zone and bottom type of the area surveyed within and outside of the 
Harbor Basin.  Of the total 1,793,360 m2 (442 acres) surveyed, about 48% 
(867,328 m2 [214 acres]) was inside the Harbor, while 52% (926,032 m2 [229 
acres]) was outside the Harbor. Soft sediment comprised the highest percentage 
of habitat cover overall (58%), as well as both inside (69%) and outside (47%) 
the Harbor.  Coral cover greater than 20% accounted for a total of about 22% 
of total area coverage, and 16% inside the Harbor, and 27% outside the 
Harbor. About 12% of the entire survey area was covered with algae that 
comprised more than 20% bottom cover, while 6% of the Harbor basin and 
18% of the outer reefs had algal cover of at least this amount  
 
  
 
D. Protected and Endangered Species 
 
The only protected or endangered species encountered during fieldwork was the 
green sea turtle (Chelonia mydas). Several turtles were observed swimming near 
the reef surface outside of the eastern breakwater of Kahului Harbor. Green sea 
turtles have become increasingly common since attaining federal protection 
status in the 1970’s and are routinely observed throughout Hawaiian nearshore 
waters. Other protected and endangered species that might occur in the area 
are marine mammals, particularly the Humpback Whale (Megaptera 
novaeangliae) and Hawaiian Monk Seal (Monachus schauinslandi). While 
neither of these species is known to frequent Kahului Harbor, it is possible that 
they could occur in the immediate area. 
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SUMMARY and CONCLUSIONS 
 
Comprehensive field surveys of the marine habitats inside and directly outside 
of Kahului Harbor in the vicinity of areas of proposed expansion of Harbor 
Facilities were carried out in early 2007. Results of the surveys provided ground-
truth data to produce a benthic habitat map of the area utilizing the 
multispectral properties of available satellite remote sensing imagery. The map 
provides an accurate large-scale classification of benthic habitats. The extent of 
major bottom covers, particularly coral reef community resources, are 
delineated to a degree that can be of value for both evaluation of potential 
impacts and potential mitigation of reef area altered by modification of Kahului 
Harbor. Should future remote sensing data become available, particularly low 
altitude hyperspectral imagery, a second generation of map products with 
higher resolution could be created to enhance the existing product.  
 
Results of field surveys indicate that while soft sediment (mud and sand) 
comprise the highest single class of bottom cover, extensive coral reef resources 
exist both inside and outside the Harbor. The richest and most diverse coral 
communities occur outside of the east breakwater where the physical habitat 
consists of a fossil reef platform with areas of substantial vertical relief. Inside of 
the eastern breakwater, coral growth covers large portions of the concrete 
structures that form the breakwater. Both outside the western breakwater, and 
on the un-dredged reef flat inside the western sector of the Harbor, bottom 
cover is dominated by soft-bodied zooanthids. Such zooanthid reefs are 
relatively uncommon in other reef areas of Hawaii. 
 
Expansion Alternative A would include development of the West Breakwater, 
dredging of the existing basin to widen by approximately 800 feet, extension of 
the inner west breakwater and an extension of the eastern breakwater. In 
addition, Pier 1 would be lengthened from the existing 1,760 feet to 2,400 feet, 
and Pier 2 would be lengthened from 870 to 1,200 feet. Expansion Alternative 
B would include similar breakwater extensions and basin enlargement dredging 
as Alternative A. However, Alternative B does not include the elongation of Pier 
1 that is part of Alternative A. The No Action Alternative would include the same 
extension of Pier 1 as in Alternative A.  
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With respect to benthic habitats, expansion alternatives will include both “direct” 
effects, which are defined as physical removal of the physical habitat by 
dredging or build-over, and “indirect” effects which include impacts brought 
about by changes in physical or chemical changes of the water column as a 
result of construction activities (e.g. changes caused by excessive dredge-
induced sedimentation).  Direct effects of Expansion Alternative A would include 
loss of most of the existing coral growing on the dolos on the inner side of the 
east breakwater, and most of the shallow reef habitat that presently occurs on 
the shallow un-dredged reef on the inner west side of the Harbor. Construction 
of extensions of both the east and west breakwaters would have minimal direct 
effects to hard bottom communities at either location, as the underlying habitats 
are soft sediment.  Similarly, expansion activities in the inner eastern Harbor in 
the area of Piers 2, 3, and 4 would have minimal direct effects as the entire 
area is characterized by soft bottom.  Alternative B would have the same direct 
effects on the western side of the Harbor in the proposed dredge area. 
However, as there would be no changes to the existing structure of Pier 1, the 
present coral communities on the existing concrete structures would not be 
affected. The No Action alternative would have the same direct effect of loss of 
the existing corals on the dolos on the inner side of the East Breakwater as with 
Alternative A. 
 
Indirect effects to marine communities are more difficult to estimate than direct 
effects owing to uncertainties of the magnitude of alteration of the water column 
from the construction activities, as well as the physiological resilience of the 
existing communities. More exact estimates of sedimentation arising from the 
construction activities would probably require modeling of the sediment plumes 
and deposition rates, which goes beyond the scope of the present report. 
However, periodic high loads of resuspended sediment frequently occur as a 
result of maneuvering of large ships in the Harbor. As a result, the existing 
Harbor communities are pre-adapted to sediment stress, and may not be 
affected further by similar loads created during construction activities. In 
addition, if sediment plumes did exit the Harbor through the entrance channel, 
it is likely that such plumes would be sufficiently dispersed by waves and 
currents before they could reach the areas with substantial reef structure.    
 
In summary, all three proposed Alternatives for expansion of Kahului Harbor 
will result in removal of some existing reef communities. The most extensive loss 
will occur under Alternatives A and B to the communities on the shallow reef flat 
in the western sector of the Harbor as a result of dredging to expand the size of 
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the navigable basin.  Loss of much of the existing corals that have colonized the 
concrete structures forming the East Breakwater will also occur under Alternative 
A and the No Action Alternative. Reef communities within the Harbor likely 
experience regular episodes of high sediment as a result of ship activities, and 
as a result benthic communities are largely pre-adapted to any temporary 
sedimentation that might result from dredging.  It is also unlikely that reefs 
outside the Harbor will be affected by the proposed expansion as they are not 
within the construction footprints, and sediments exiting the Harbor would be 
dispersed by prevailing oceanographic condition to levels that would not exceed 
the natural envelop of variability. The most likely potential effects to protected 
and endangered species would occur if sea turtles entered the Harbor during 
construction activities. Under such circumstances, Best Management Practices 
would be in place to halt construction activities until turtles have left the area.  
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FIGURE 1. Georeferenced Ikonos satellite image of Kahului Harbor. Reef structure is clearly visible as dark colored areas, while sand and 
mud appears as blue area. 



 

FIGURE 2. Georeferenced benthic habitat map of Kahului Harbor showing regions where coral or benthic algal cover are greater than 50% 
or between 20% and 50%. Soft sediment is defined as either sand or mud. Map was created using multispectral images from Ikonos satellite 
image shown in Figure 1 acquired on April 9, 2002. See Table 1 for area coverage of each component of habitat classification.  



 
 

FIGURE 3. Depth contours within Kahului Harbor showing extent of dredged inner harbor basin and shallow reef platform on eastern 
side of harbor. Depth contouring data was not available for area off the inner and outer western breakwater.    



 
 

FIGURE 4. Benthic habitat map of Kahului Harbor showing delineation of sectors discussed in text.   



        
                                                                                                             

       
 
 
 
   

FIGURE 5. Various species and growth forms of the coral genus Montipora on finger reefs outside of the east breakwater of Kahului 
Harbor. The overlapping plating growth forms are M. patula and M. capitata, which effectively cover the entire sloping edges of the 
finger reefs. The blue encrusting coral in the photo at upper right is M. flabellata. Water depth in all photos is 6-8 m. 



        
                                                                                                             

          
 
 
 
   
 

FIGURE 6. Upper surfaces of reef platform outside of east breakwater of Kahului Harbor. A variety of encrusting species of corals 
provide near complete coverage of reef surface. Water depth in all photos is 8-10 m. 



        
                                                                                                                  

       
 

FIGURE 7. Various macro-algae on inner reef platform outside of the east breakwater of Kahului Harbor. Fluorescent blue alga in 
upper photos is Martensia fragilis. Large red plant in lower part of photo at upper right is Halymenia formosa. Dominant bottom 
cover in photo at lower left is red alga Acanthophora specifera, and dominant cover in photo at lower right is red alga Amansia 
glomerata. 



        
                                                                                                             

          
 
 
 
   
   

FIGURE 8. Reef surface outside of west breakwater of Kahului Harbor. Bottom cover of reef knolls consists almost entirely of the soft-bodied 
zooanthids Palythoa tuberculosa and Zooanthus spp. Water depth in all photos is approximately 10 m.  



   
 

   

FIGURE 9.  Colonies of Montipora capitata growing inside Kahului Harbor on concrete structures (dolos) that form the eastern  
breakwater of the harbor. Water depth is approximately 5-7 m in all photos. 



        
                                                                                                             

       
 
 
   
 
 

FIGURE 10. Typical community assemblages on western breakwater of Kahului Harbor. Photo at upper left shows band of calcareous 
and frondose algae in the intertidal zone. Hemispherical corals in photo at upper right are Pocillopora damicornis. The sea urchin 
Tripneustes gratilla was common on the submerged breakwater (bottom left). Other common corals off the west breakwater were 
Monitpora capitata and Pocillopora meandrina (lower right). Water depth is three underwater photos is 1-2 m.  



     
 

     
 
   
 FIGURE 11. Coarse sand and gravel that is the typical bottom cover within Kahului Harbor off the western breakwater (upper left). Photos 

at upper right and lower left show fine-grained mud and sand that covers most of the dredged areas of inner Kahului Harbor. Numerous 
burrows are likely from a variety of crustaceans and worms.  



     
 

     
 
   
 

FIGURE 12. Dominant reef cover of Palythoa tuberculosa (light brown in photo at upper left) and Zooanthus spp. (green) on parts of the 
un-dredged reef platform in the western part of Kahului Harbor. Tufts of green algae in photo at lower left is Bryopsis hypnoides. Water 
depth in all photos is 1-3 m. 



     
 

     
 
   
  
 

FIGURE 13. Four views of corals growing on un-dredged reef platform on west side of inner Kahului Harbor. Overlapping plating corals 
in upper photos is Montipora capitata. Large branching colony at lower right is Pavona duerdeni. Water depth in all photos is 2-3 m.  



AREA (m2) Total Inside Outside
Harbor Harbor

Coral >50% 200,480 28,160 172,320
Coral 20-50% 190,784 110,400 80,384
Algae >50% 112,288 18,848 93,440

Algae 20-50% 106,944 32,096 74,848
Pavement 141,536 74,992 66,544

Soft Sediment 1,041,328 602,832 438,496
TOTAL 1,793,360 867,328 926,032

% of Total Total Inside Outside
Harbor Harbor

Coral >50% 11.2 3.2 18.6
Coral 20-50% 10.6 12.7 8.7
Algae >50% 6.3 2.2 10.1

Algae 20-50% 6.0 3.7 8.1
Pavement 7.9 8.6 7.2

Soft Sediment 58.1 69.5 47.4
TOTAL 100.0 100.0 100.0

TABLE 1. Area coverage in square meters (m2) of each reef zone in 
survey areas inside and outside of Kahului Harbor.  See Figure 3 for 
habitat map showing various zones.
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I.  INTRODUCTION 

 

  

 

This report documents the results of a traffic study conducted by Fehr & Peers/Kaku Associates to 

evaluate the potential traffic impacts associated with the potential implementation of the proposed 

Kahului Harbor Master Plan on the local street system in the Kahului area on the island of Maui.  It 

includes a description of the assumptions and methods used to conduct the study as well as a 

discussion of the results. 

 

 

PROJECT DESCRIPTION 

 

The Master Plan proposes several scenarios aimed at addressing the future requirements of the 

Kahului Harbor.  The first scenario is described as the “No Action” scenario, which describes the 

harbor as it exists today.  As illustrated in Figure 1, the description of the “No Action” scenario 

includes three piers that provide a total of 3,110 feet of pier space, 39.3 acres of open storage, 

2.8 acres of covered storage, 10 acres of auto storage, and 5.3 acres for a ferry terminal.   

 

For the purposes of this analysis, the preferred project for the Kahului Harbor Master Plan is 

referred to as Alternative A.  This alternative includes the development of two new piers, Piers 4 

and 5, with the creation of a West Breakwater as part of Pier 5.  Pier 5, which will be 1,200 feet 

long with approximately 22 acres of land serving it, will be used to house interisland ferry and 

cruise ship operations.  The departure of ferry operations from Pier 2 and cruise ships from Pier 1, 

as proposed in the No Action alternative and Alternative B, will help improve current conditions 

and expand other shipping operations at the harbor.  Under this preferred project alternative, Pier 

1 will increase in length to 2,400 feet with 20.5 acres of land serving it and Pier 2 will be extended 

to 1,200 feet with 28.9 acres of land serving it.  Alternative A is fully illustrated in Figure 2. 
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The alternative to the project is also evaluated in this report and is referred to as Alternative B.   

This project alternative also includes the development of Piers 4 and the West Breakwater and 

Pier 5.  In this scenario, Pier 5 would be used primarily for cargo operations.  Pier 5 would be 

1,200 feet long with 26 acres for the cargo operations.  Pier 2 would be redeveloped to 

accommodate both the ferry and cruise ship activity.  As part of this redevelopment, Pier 2 would 

be increased in length to 1,200 feet with 6.2 acres available for cruise ship operations.  The area 

dedicated to ferry operations would consist of 4.4 acres and 10.6 acres would be dedicated to 

cargo operations.  The full project description for Alternative B is shown in Figure 3. 

 

 

STUDY SCOPE 

 

The study analyzed the potential project-related traffic impacts of the 2030 Master Plan buildout 

on the roadway system in the vicinity of the proposed project site.  The impact analysis examined 

projected future conditions, both with and without the proposed master plan alternatives.  To 

properly analyze future conditions with and without the proposed project, it was necessary to 

develop a detailed description of existing conditions.  The Hawaii Superferry (HSF) has made 

initial voyages, but has not yet commenced regular service.  Daily service is expected to begin in 

December 2007.  Therefore, existing conditions for this project reflect conditions with the HSF in 

operation.  Thus, the following traffic scenarios were analyzed in this study: 

 

• Existing Conditions (2007) - The assessment of existing traffic conditions provides a basis 
for the remainder of the study.  The existing conditions analysis includes an assessment of 
streets, traffic volumes, and operating conditions with the assumption that the HSF is in 
operation. 

 
• Cumulative Base (No Action) Conditions (2030) - The objective of this scenario is to 

project future traffic growth and operating conditions resulting from regional growth and 
related projects in the vicinity of the project site, without consideration of traffic generated 
by the proposed project.  This scenario is representative of the No Action scenario. 

 
• Cumulative plus Alternative A Conditions (2030) - The objective of this scenario is to 

project potential impacts of the preferred Master Plan Alternative A on future traffic 
operating conditions by adding project traffic to the cumulative base (No Action) traffic 
forecasts in 2030. 
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• Cumulative plus Alternative B Conditions (2030) - The objective of this scenario is to 
project potential impacts of the proposed Master Plan Alternative B on future traffic 
operating conditions by adding project traffic to the cumulative base (No Action) traffic 
forecasts in 2030. 

 

The study analyzed the potential project-related traffic impacts during the typical weekday a.m., 

mid-morning and p.m. peak hour traffic conditions at 14 intersections in the vicinity of the 

proposed project site.  The analyzed intersections, illustrated in Figure 4, include: 

 

1. Ka’ahumanu Avenue and Papa Avenue/Wahine Pi’o Avenue 

2. Wahine Pi’o Avenue and Kahului Beach Road 

3. Ka’ahumanu Avenue and Kahului Beach Road/Kane Street 

4. Ka’ahumanu Avenue and Pu’unene Road 

5. Wakea Avenue and Pu’unene Road 

6. Dairy Road/Kuihelani Highway and Pu’unene Road/Mokulele Highway 

7. Hana Highway and Dairy Road 

8. Haleakala Highway/Hanakai Street and Hana Highway 

9. Haleakala Highway and Hana Highway 

10. Hana Highway and Kamehameha Avenue/Hobron Avenue 

11. Ka’ahumanu Avenue/Hana Highway and Ka’ahumanu Avenue 

12. Ka’ahumanu Avenue and Hobron Avenue 

13. Amala Place and Hobron Avenue 

14. Ka’ahumanu Avenue and Wharf Street 

 
Diagrams of the existing intersection lane configurations at the 14 existing study intersections are 

provided in Appendix A.   

 

 

ORGANIZATION OF REPORT 

 

This report is divided into six chapters, including this introduction.  Chapter II describes the 

existing conditions of the study area including a description of the circulation system, traffic 

volumes on the local streets, operating conditions of these streets, and a discussion of the



2

1

4

11
12

13

10

5
7

6

Kamehameha Av

H
obron A

v

Ka'ahumanu Av

Kahului Beach Rd

W
akea Av

O
ne

he
e 

Av Hina Av

Lo
no

 A
v

Pa
pa

 A
v

P
u'unene A

v

Hana Hwy

Keolani Pl

Haleakala Hwy

D
ai

ry
 R

d

W
ake

a Av

Amala Pl

2nd St

Ka
m

eh
am

eh
a 

Av

Lo
wer

 M
ain

 S
t

Kahului Harbor

Pacific Ocean

A
la

 L
ui

na
 S

t

W
harf S

t

K
ane S

t

3

89

14Wahine Pi'o

P
ap

a 
A

v

FIGURE 4
STUDY AREA AND ANALYZED INTERSECTIONS

NOT TO SCALE

Legend

# Analyzed Intersection

Project Site



 8 
 

planned transportation improvements expected to impact the roadways system in the study area.  

The methodologies used to forecast future traffic conditions and project traffic volumes are 

described in Chapter III.  Chapter IV presents an assessment of potential traffic impacts, identifies 

the project-specific traffic mitigation measures proposed for Alternative A, the preferred project, 

and analyzes the effectiveness of these measures.  Chapter V provides a discussion of 

Alternative B, assesses its transportation impacts, and identifies any necessary additional 

mitigation measures.  The results and conclusions of the study are summarized in Chapter VI. 
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II. EXISTING CONDITIONS 

 

 

 

A comprehensive data collection effort was undertaken to identify existing transportation 

conditions in the vicinity of the proposed project site.  The assessment of existing conditions 

relevant to this study includes an inventory of the street and highway system, current traffic 

volumes at the key intersections in the study area, and the analysis of the operating conditions at 

the 14 study intersections.   

 

 

EXISTING ROADWAY SYSTEM 

 

The project site, shown in Figure 4, is generally bounded by Ka’ahumanu Avenue (Route 32) on 

the south, Kahului Beach Road (Route 340) on the west, Ala Luina Street/Hobron 

Avenue/Perimeter Road on the east, and the Kahului Harbor and the Pacific Ocean on the north.  

Ala Luina and Perimeter Road are both internal harbor streets, and at the time the traffic counts 

were taken, Ala Luina was closed to through traffic.  The street system in the study area, 

illustrated in Figure 4,  includes a series of regional and local roadways.  Primary regional access 

to the area is provided by Hana Highway (Route 36), with access to upcountry Maui and Hana.  

Mokulele Highway (Route 311) provides access to and from Kihei and the southern areas of Maui, 

and Kuihelani Highway (Route 380) provides access to west Maui.  Pu’unene Avenue and 

Ka’ahumanu Avenue provide direct access to these highways from the project site. 

 

 

STREET AND HIGHWAY SYSTEM INVENTORY 

 

The street and highway system inventory for the island includes the primary roadways, collectors 

and secondary roadways and local streets.  Several major highways travel around the island and 

converge in the Wailuku-Kahului area.   
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A brief description of the principal roadways serving the study area is provided below: 

 
• Ka’ahumanu Avenue (Route 32) - Ka’ahumanu Avenue is a four-lane major arterial from 

Naniloa Drive, traveling east, to Kahului Beach Road.  Ka’ahumanu Avenue opens up to a 
six-lane roadway from Kahului Beach Road to east of Wharf Street.  The roadway has a 
raised divided median.  Major shopping facilities including the Queen Ka’ahumanu 
Shopping Center, Kahului Shopping Center, and Maui Mall are serviced by this roadway.  
Ka’ahumanu Avenue is signalized at Lunalilo Street, Maui Lani Parkway, Kanaloa 
Avenue/Mahalani Street, South Papa Avenue, South Wakea Avenue, Kahului Beach 
Road/Kane Street, Lono Avenue, South Pu’unene Avenue, and Wharf Street/Maui Mall.  
The posted speed limit is 45 miles per hour (mph). 

 
• Wahine Pi’o – Wahine Pi’o is an urban collector from Kahului Beach Road to Ka’ahumanu 

Avenue.  It consists of one lane northbound and one lane southbound from Ka’ahumanu 
Beach Road to Cameron Way.  From Cameron Way to Kahului Beach Road, there is one 
lane northbound and two lanes southbound.  The roadway primarily serves Maui 
Community College and Keopuolani Park.  The roadway contains a raised median from 
Cameron Way to Kahului Beach Road. 

 
• South Papa Avenue/West Papa Avenue - South Papa Avenue is a three-lane major urban 

collector (one lane southbound and two northbound) from Ka’ahumanu Avenue to Kea 
Street.  From Kea Street to South Kamehameha Avenue, South Papa Avenue is a two-
lane roadway.  The area served by South Papa Avenue is primarily residential.  The 
roadway has double yellow striped median and is signalized at Ka’ahumanu Avenue, 
Onehee Avenue, and South Kamehameha Avenue.  South Papa Avenue continues as 
West Papa Avenue from South Kamehameha Avenue to South Pu’unene Avenue.  West 
Papa is a two-lane road that has a single dashed yellow striped median and is signalized 
at Pu’unene Avenue.  West Papa Avenue provides access to Maui High School.  The 
posted speed limit for South Papa and West Papa Avenues is 30 mph. 

 
• East Wakea/West Wakea Avenue - East Wakea/West Wakea Avenue is a two-lane major 

urban collector.  The roadway provides access to the Kahului Park, residential areas, and 
commercial areas.  Parking is available on both sides of the roadway from Hana Highway 
to Alamaha Street.  East Wakea Avenue is signalized at Ka’ahumanu Avenue, Kea Street, 
Onehee Avenue, South Kamehameha Avenue, Lono Avenue and Pu’unene Avenue.  
West Wakea Avenue is signalized at Lono Avenue, Hoohana Street, Alamaha Street, 
Hana Highway and South Pu’unene Avenue. The median alternates between double 
yellow and single dashed yellow striping. 

 
• Kamehameha Avenue/South Kamehameha Avenue - Kamehameha Avenue is a two-lane 

major urban collector from Papa Avenue to Lono Avenue.  This roadway segment serves 
residential areas and the median alternates between single dashed yellow and double 
yellow striping.  From Lono Avenue to Hana Highway, Kamehameha Avenue widens from 
two to four lanes.  The four lanes are separated with a raised median.  The four-lane 
segment primarily provides access to commercial areas.  Kamehameha Avenue is 
signalized at Hana Highway, Alamaha Street, Hoohana Street, Pu’unene Avenue, Lono 
Avenue, West Wakea Avenue, Hina and South Papa Avenue. 
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• South Pu’unene Avenue - South Pu’unene Avenue is four-lane major arterial from 

Ka’ahumanu Avenue to Wakea Avenue. From Wakea Avenue to Puakani Street, the 
travel lanes are reduced from four to two.  South Pu’unene Avenue has a double yellow 
striped median from Ka’ahumanu Avenue to Puakani Street.  The roadway serves 
commercial and residential areas.  South Pu’unene from Puakani Street to north of 
Kuihelani Highway has two northbound lanes and one southbound lane.  The northbound 
traffic lanes are separated from the southbound by guardrails and trees.  South Pu’unene  
Avenue is signalized at Ka’ahumanu Avenue, Kamehameha Avenue, Wakea Avenue, 
West Papa Avenue and Kuihelani Highway.  The posted speed limit is 30 mph. 

 
• Kahului Beach Road/Waiehu Beach Road (Route 340) - Kahului Beach Road/Waiehu 

Beach Road is a two lane major arterial.  Kahului Beach Road turns into Waiehu Beach 
Road at East Main Street.  Waiehu Beach Road turns into Kahekili Highway at the Waiehu 
Beach Road and Kahekili Highway junction.  The Kahului Beach Road/Waiehu Beach 
Road serves residential areas and the Kahului Beach Park.  The posted speed limit is 30 
mph.   

 
• Mokulele Highway (Route 311) - Mokulele Highway is a two-lane major arterial.  Mokulele 

Highway starts from Kuihelani Highway to the North Kihei Road/Piilani Highway junction.  
The highway has a double yellow striped median.  The posted speed limit is 45 miles per 
hour in the rural areas and 30 mph in Pu’unene town.  Mokulele Highway is signalized at 
Kuihelani Highway. 

 
• Dairy Road/Kuihelani Highway (Route 380) - Dairy Road is a four-lane major arterial that 

runs from Haleakala Highway (Keolani Place junction) to South Pu’unene Avenue.  Dairy 
Road is signalized at Hana Highway and South Pu’unene Avenue.  Dairy Road has a 
double yellow striped median and the posted speed limit is 30 mph.  Dairy Road turns into 
Kuihelani Highway south of South Pu’unene Avenue.  Kuihelani Highway is a two-lane 
major arterial that ends at Honoapiilani Highway.  This portion of the highway runs through 
an agricultural area.  The posted speed limit is 55 mph.  Kuihelani Highway is signalized at 
Honoapiilani Highway. 

 
• Keolani Place - Keolani Place is a four-lane major arterial separated by a double yellow 

striped median.  Keolani Place provides access to the Kahului Airport.  The posted speed 
limit is 30 mph.  Keolani Place is signalized at Lanui Circle. 

 
• Hana Highway (Route 36) - Hana Highway is a four-lane major arterial from Ka’ahumanu 

Avenue to Haleakala Highway (Upcountry junction).  Along this segment, the median is 
raised and the posted speed limit is 45 to 55 mph.  From Haleakala Highway (Upcountry 
junction) to Kaupakalua Road, Hana Highway has two lanes and a double yellow striped 
median.  The posted speed limit along this segment is 35 to 45 mph.  Hana Highway 
begins to narrow in width from Kaupakalua Road to Hana Bay.  This segment is rural and 
mountainous, thus the posted speed limit is 10 to 35 mph.  Hana Highway is signalized at 
Kamehameha Avenue, Dairy Road, Haleakala Highway (Upcountry junction), and Baldwin 
Avenue. 

 
• Haleakala Highway (Route 37/377) - Haleakala Highway is a two-lane major arterial from 

Hana Highway (Kanaha Pond) to Hana Highway (Upcountry junction).  Haleakala Highway 
turns into a three-lane highway (two lanes southbound and one lane northbound) from 
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Hana Highway (Upcountry junction) to Haliimaile Road.  The inner southbound lane is 
used as a contra-flow (reversible) lane.  This lane is coned off to operate as a northbound 
lane in the a.m. peak period, thus increasing the northbound lanes from one to two.  
During the p.m. peak period, the lane is converted back to a southbound lane.  The 
highway has a double yellow striped median.  The posted speed limit is 45 to 55 mph in 
rural areas and 35 mph in urbanized areas.  From Haliimaile Road to Haleakala Crater 
Road, Haleakala Highway remains a two-lane major arterial.  The posted speed limit is 30  
mph.  Haleakala Highway is signalized at Keolani Place, Hana Highway (Upcountry 
junction), Fire Break Road, Pukalani Street, and Kula Highway and Makawao Avenue. 

 

 

EXISTING TRAFFIC VOLUMES AND OPERATING CONDITIONS 

 

The following sections present the existing peak hour traffic volumes at the study intersections, a 

description of the methodology used to analyze operating conditions, and the resulting level of 

service (LOS) at each location under existing conditions. 

 

 

Existing Peak Hour Traffic Volumes 

 

New weekday peak period intersection turning movement counts were collected between 7:00 

and 9:00 a.m. and between 3:30 and 5:30 p.m. at the 14 study intersections on Tuesday, April 17, 

Wednesday, April 18 and Thursday, April 19, 2007 to reflect existing conditions during the 

morning and afternoon peak period, respectively.  The weekday peak hour volumes at the study 

intersections are illustrated in Figure 5.  The detailed traffic count data sheets are provided in 

Appendix B. 

 

 

Level of Service Methodology 

 

LOS is a qualitative measure used to describe the condition of traffic flow ranging from excellent 

conditions at LOS A to overload conditions at LOS F.  Level of service definitions for signalized 

and unsignalized intersections are provided in Tables 1 and 2.  LOS D is typically considered the 

minimum acceptable level of service in urban areas.   
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LOS analyses were conducted at each of the study intersections to determine existing and 

future operating conditions using the operations methodology for signalized intersections and 

the two-way stop-controlled methodology for unsignalized intersections from 2000 Highway 

Capacity Manual (2000 HCM) (Transportation Research Board, 2000).    

 
 TABLE 1 

LEVEL OF SERVICE DEFINITIONS FOR SIGNALIZED 
INTERSECTIONS 

   

Level of Service Volume/Capacity 
Average Stopped Delay 
per Vehicle (seconds)* 

      

A 0.000 - 0.600 <10 

      

      

B >0.600 - 0.700 >10 and <20 

      

      

C >0.700 - 0.800 >20 and <35 

      

      

D >0.800 - 0.900 >35 and <55 

      

      

      

E >0.900 - 1.000 >55 and <80 

      

      

F > 1.000 >80 

      

Source: Highway Capacity Manual, Transportation Research Board, 2000. 
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TABLE 2 

LEVEL OF SERVICE DEFINITIONS FOR  

UNSIGNALIZED INTERSECTIONS 

  

Level of Service 
Average Total Delay 

(seconds/vehicle) 

    

A < 10.0 

    

    

B > 10.0 and < 15.0 

    

    

C > 15.0 and < 25.0 

    

    

D > 25.0 and < 35.0 

    

    

    

E > 35.0 and < 50.0 

    

    

F > 50.0 

    

  

Source: Highway Capacity Manual, Transportation Research Board, 

2000.  

 

 

Existing Peak Hour Intersection Levels of Service 

 

The existing weekday morning and afternoon peak hour turning movements illustrated in Figure 5 

were analyzed using the methodologies described above to determine existing operating 

conditions at each of the 14 study intersections including volume-to-capacity (V/C) ratios, average 

intersection delay per vehicle, and the corresponding level of service (LOS) for each.  Detailed 

calculation worksheets documenting how each of the operating conditions was determined are 

included in Appendix C.   
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Table 3 summarizes the results of the analysis conducted at the 14 locations in the study area to 

assess the existing operating conditions.  This table includes the results of the V/C ratio and LOS  

calculations for the nine signalized intersections and the average control delay and corresponding 

LOS for the five unsignalized study intersections during the typical weekday a.m. and p.m. peak 

hours.  As indicated in Table 3, four of the 14 study intersections are operating at LOS E during 

one of the peak hours under existing conditions: 

 

• Dairy Road & Pu’unene Avenue/Mokulele Highway 

• Haleakala Highway/Hanakai Street & Hana Highway  

• Haleakala Highway & Hana Highway 

• Hobron Avenue & Amala Place 

 

The remaining 10 study intersections are operating at LOS D or better during each of the peak 

periods. 

 

 

POTENTIAL ALTERNATIVE PEAK HOUR 

 

As indicated above, the street system that serves the Kahului Harbor exhibits traffic flow 

conditions that are typical of most urban areas, with peak volumes occurring during the morning 

peak period between 7:00 and 9:00 a.m. and the evening peak period between 3:30 and 5:30 

p.m.  The opening of the Hawaii Superferry, however, could result in traffic generation in the 

specific area of the harbor that could alter the peaking characteristics of the traffic volumes in the 

area.  The HSF is projected to load and unload its passengers and vehicles each day during the 

mid-morning period between 9:30 and 10:30 a.m.  Traffic generated by HSF operations would 

include passengers with their own vehicles expecting to embark, vehicles bringing passengers 

without vehicles, and vehicles picking up passengers without vehicles all arriving at the terminal 

before the 9:30 to 10:30 a.m. load/unload period, and passengers with their vehicles disembarking 

and vehicles dropping off or picking up passengers without vehicles leaving the area during and 

after the 9:30 to 10:30 a.m. load/unload period of the HSF.  The potential effect of this traffic on 

operations in the area was assessed to determine if the mid-morning peak period with the addition 

of HSF-generated traffic would result in higher volumes and worse operating conditions than in 

the traditional morning peak period.   



1. Ka'ahumanu Av A.M. 23.8 C
& Papa Av/Wahine Pi'o Signalized P.M. 18.8 B

2. Wahine Pi'o A.M. 10.7 B
& Kahului Beach Rd Signalized P.M. 10.7 B

3. Ka'ahumanu Av A.M. 22.8 C
& Kahului Beach Rd/Kane St Signalized P.M. 39.6 D

4. Ka'ahumanu Av A.M. 19.3 B
& Pu'unene Av Signalized P.M. 29.5 C

5. Wakea Av A.M. 27.0 C
& Pu'unene Av Signalized P.M. 29.3 C

6. Dairy Rd A.M. 32.9 C
& Pu'unene Av/Mokulele Hwy Signalized P.M. 55.7 E

7. Dairy Rd A.M. 29.6 C
& Hana Hwy Signalized P.M. 33.7 C

8. Haleakala Hwy/Hanakai St A.M. 41.0 E
& Hana Hwy Side-Street Stop P.M. 32.0 D

9. Haleakala Hwy A.M. 37.0 E
& Hana Hwy Side-Street Stop P.M. 7.0 A

10. Hobron Av/Kamehameha Av A.M. 22.4 C
& Hana Hwy Signalized P.M. 37.9 D

11. Ka'ahumanu Av/Hana Hwy A.M. 12.0 B
& Ka'ahumanu Av Side-Street Stop P.M. 14.0 B

12. Hobron Av A.M. 17.0 C
& Ka'ahumanu Av Side-Street Stop P.M. 24.3 C

13. Hobron Av A.M. 20.0 C
& Amala Pl Side-Street Stop P.M. 46.0 E

14. Ka'ahumanu Av A.M. 6.7 A
& Wharf St Signalized P.M. 11.4 B

Note:

1
For stop-controlled intersections delay is shown for the worst-case intersection approach.

TABLE 3

YEAR 2007 CONDITIONS

PEAK HOUR LEVELS OF SERVICE

LOSIntersections
Peak 

Hour
Del/Veh

1Control

Delay indicates average stopped delay per vehicle in seconds for signalized intersections. 
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The first step in this process of establishing a third peak hour during the mid-morning peak period 

was to conduct traffic counts at each of the 14 study intersections.  Figure 6 illustrates the peak 

hour counts for the 9:30 to 10:30 a.m. mid-morning peak hour. 

 

 

HSF Traffic Generation 

 

Data from Traffic Study for Kahului Ferry Terminal (CH2M Hill, November 2006) was used to 

develop traffic generation estimates for the ferry.  Vehicle demand for the Superferry is projected 

on a weekly basis varying by day of week.  Based on these projections, the average daily vehicles 

are estimated at 110.  The peak day is estimated at 153 vehicles.  The HSF also estimates that 

the maximum number of vehicles is 360.  This estimate is not a forecast of the maximum 

expected number of vehicles, but is merely an estimate of the maximum number of vehicles that 

can physically fit on the ferry.  These estimates were converted into peak hour vehicle trips using 

the following assumptions: 

 

1. Other than the exception noted in item 5 below, all traffic generated by loading and 
unloading of vehicles and passengers would occur in one hour. 

 
2. Passengers with vehicles boarding the ferry would generate one vehicle trip per 

passenger in the inbound (toward the harbor) direction. 
 

3. Passengers with vehicles disembarking from the ferry would generate one vehicle trip per 
passenger in the outbound direction. 

 
4. Loading and unloading passengers without vehicles would generate two vehicle trips per 

passenger, one trip inbound and one outbound. 
 

5. Only 90 percent of the passengers loading onto the ferry (both with and without vehicles) 
would arrive at the harbor during the peak hour. 

 

The above data was used to develop the traffic generation estimates for the Hawaii Superferry.  

As shown in Table 4, the average number of trips generated by the HSF on a daily basis is 

estimated at 267 vehicles per hour (vph).  The weekday maximum is projected to be 371 vph and 

the absolute theoretical maximum traffic is 684 vph. 
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EXISTING MID MORNING PEAK HOUR VOLUMES WITH HAWAII SUPERFERRY
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TABLE 4 

HSF TRIP GENERATION FORECASTS 

Trip Generation (Vehicles) 
 

HSF Scenario 
 

Inbound 

 

Outbound 

 

Total 

Projected Weekday Average 128 139 267 

Projected Weekday Maximum 178 193 371 

Absolute Theoretical Maximum 328 356 684 

 

 

Impact of HSF Traffic on Traffic Operations 

 

The traffic generated by the HSF was added to the mid-morning traffic counts illustrated in Figure 

6 to develop an estimate of mid-morning peak hour traffic conditions with the HSF in operation.  

Future forecasts of mid-morning traffic conditions were developed using traffic generation 

forecasts for all three scenarios indicated in Table 4 above.  Volume/capacity analyses were 

conducted at each of the 14 study intersections for each of the three scenarios to assess the 

impact of the future HSF traffic.  The results of the analysis for the intersection of Ka’ahumanu 

Avenue & Pu’unene Avenue are presented below.  The results indicate that the addition of HSF 

traffic would result in this intersection operating at LOS C if the average and projected weekday 

maximum vehicle forecasts are used and at LOS D if the absolute theoretical maximum number of 

vehicles is used.   

 

Operating conditions at the intersection of Ka’ahumanu Avenue and Pu’unene Avenue with the 

addition of HSF traffic during the mid-morning peak hour are as shown below:  

 

 

Vehicle Trip Generation Scenario for HSF 

LOS  
During Mid-Morning 

Peak Hour 
Projected Weekday Average C 

Projected Weekday Maximum C 

Absolute Theoretical Maximum D 
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Although the projected weekday maximum serves as the most realistic “worst case” forecast for 

the HSF, the absolute theoretical maximum was used in the Ch2M Hill document to conduct its 

traffic studies for the HSF.  Therefore, this study is based on traffic forecasts developed with the 

use of the absolute theoretical maximum vehicle forecasts for the HSF.  Figure 6 illustrates the 

existing base traffic for the study area under the assumption that HSF is in operation using these 

patronage forecasts.  Table 5 summarizes the results of the V/C analysis for the 14 study 

intersections for the existing base mid-morning peak hour.  All 14 intersections operate at LOS D 

or better under these conditions.   

 

 

EXISTING TRANSIT SERVICE 

 

The Maui Bus public transit service consists of eight bus routes, all of which are contracted to and 

operated by Roberts Hawaii.  The eight routes, funded by the County of Maui, provide 

transportation service in and between various Central, South, West, and Upcountry Maui 

communities. All of the routes are operated seven days a week, including all holidays.   Fares on 

the Kahului and Wailuku Loops are free.   All other routes cost $1.00 per boarding. 

 

The Kahului Loop Route #5 consists of 15 bus stops at various residential, retail and commercial 

areas. It is a circular route that uses the Queen Ka'ahumanu Center as its hub.  This route 

provides connections to destinations in the Wailuku area.  The route starts at the Queen 

Ka'ahumanu Center and departs the mall via Wal Mart, the Maui Marketplace, Safeway, Ross, 

and Kmart along Dairy Road.  The route then takes a left onto Haleakala Highway and merges 

onto Hana Highway.  The route then makes a stop at Maui Mall directly across from the harbor.  

The loop exits the mall via a left turn onto Ka'ahumanu Avenue and eventually re-enters the 

Queen Ka’ahumanu Center.  The route duration is one hour, with service beginning at 7:30 a.m., 

and the final bus leaves at 8:30 p.m.  The Kahului Loop Route #6 serves the same route as 

Kahului Loop Route #5 but operates in the reverse direction, leaving half an hour after Route #5.  

Kahului Loop Route #6 starts service at 8:00 a.m. and the final bus is at 9:00 p.m. 

 

Beginning July 1, 2007, the County of Maui indicates that the Maui Bus will expand its bus service. 

This service will add to the existing Maui Bus service described above, not replace it.  This 

increase in service will consist of five commuter routes, all operated by Roberts Hawaii.  



1. Ka'ahumanu Av
& Papa Av/Wahine Pi'o Signalized Mid-A.M. 18.6 B

2. Wahine Pi'o
& Kahului Beach Rd Signalized Mid-A.M. 8.7 A

3. Ka'ahumanu Av
& Kahului Beach Rd/Kane St Signalized Mid-A.M. 22.1 C

4. Ka'ahumanu Av
& Pu'unene Av Signalized Mid-A.M. 42.3 D

5. Wakea Av
& Pu'unene Av Signalized Mid-A.M. 25.3 C

6. Dairy Rd
& Pu'unene Av/Mokulele Hwy Signalized Mid-A.M. 30.8 C

7. Dairy Rd
& Hana Hwy Signalized Mid-A.M. 23.8 C

8. Haleakala Hwy/Hanakai St
& Hana Hwy Side-Street Stop Mid-A.M. 31.0 D

9. Haleakala Hwy
& Hana Hwy Side-Street Stop Mid-A.M. 11.0 B

10. Hobron Av/Kamehameha Av
& Hana Hwy Signalized Mid-A.M. 22.1 C

11. Ka'ahumanu Av/Hana Hwy
& Ka'ahumanu Av Side-Street Stop Mid-A.M. 13.0 B

12. Hobron Av
& Ka'ahumanu Av Side-Street Stop Mid-A.M. 18.0 C

13. Hobron Av
& Amala Pl Side-Street Stop Mid-A.M. 24.0 C

14. Ka'ahumanu Av
& Wharf St Signalized Mid-A.M. 9.4 A

Note:

1 Delay indicates average stopped delay per vehicle in seconds for signalized intersections. 
For stop-controlled intersections delay is shown for the worst-case intersection approach.

TABLE 5

YEAR 2007 CONDITIONS WITH HAWAII SUPERFERRY

MID-MORNING PEAK HOUR LEVELS OF SERVICE

Intersections Control
Peak 

Hour
Del/Veh

1 LOS
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The routes are called the Haiku-Wailea Commuter, Makawao-Kapalua Commuter, Wailuku-

Kapalua Commuter, Kihei-Kapalua Commuter, and Wailuku-Kahului Connector.  The one-way 

fare for all of these routes will be $1.00.  
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III.  FUTURE TRAFFIC PROJECTIONS 

 

 

 

To evaluate the potential impact of traffic generated by the implementation of the proposed 

Kahului Harbor Master Plan on the surrounding street system, it was necessary to develop 

estimates of future traffic conditions in the area both with and without the project.  Future traffic 

conditions without the proposed project reflect traffic increases due to general regional growth 

and development as well as traffic increases generated by other specific developments in the 

vicinity of the project site.  These conditions are referred to as the cumulative base conditions 

and reflect future conditions without the project and are representative of the No Action 

conditions.  The addition of the project-generated traffic to the cumulative base represents the 

cumulative plus project alternative conditions, i.e., future conditions with the project.   

 

The development of the traffic conditions that represent the future 2030 traffic scenarios is 

described in this chapter. 

 

 

CUMULATIVE BASE TRAFFIC PROJECTIONS 

 

The cumulative base traffic projections normally include two elements of growth in traffic over 

existing conditions.  The first element is growth in the background traffic volumes reflecting the 

effects of overall regional growth and development in and around the study area.  This is referred 

to as ambient growth.  The second is the traffic generated by specific cumulative projects in or 

near the study area.  

 
 

Areawide Traffic Growth 

 

Trends in areawide growth and development in an area for specific highways are normally based 

on trends in historical traffic count data.  However, long-term (to year 2030) traffic projections are 

available for the entire island of Maui in the form of a Maui Islandwide transportation demand 
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forecasting model developed for the County as part of a long-range transportation planning effort. 

The development of the model, which was also used in the development of the Maui County 

Traffic Impact Fee Program, is fully documented in Maui Island Traffic Impact Fee Report and 

Comprehensive Roadway Master Plan (Kaku Associates, November 2006).  Traffic demand 

forecasts on the three main arterial streets (Ka’ahumanu Avenue, Hana Highway and Pu’unene 

Avenue) in the study area were assessed using data from the model.  The County of Maui 

transportation travel demand model provided average yearly growth factors for each of the three 

major highways in the area.  These factors, summarized below in Table 6, indicate that the annual 

growth rates for both Ka’ahumanu Avenue and Hana Highway are projected to be less than 1 

percent per year for both the morning and afternoon peak hours.  The rates for Pu’unene Avenue 

are almost 3 percent per year for the morning peak hour and almost 2 percent per year for the 

evening peak hour. 

   

  TABLE 6 
PEAK HOUR GROWTH FACTORS 

A.M. Peak Hour P.M. Peak Hour  

 

Location 

Annual 

Growth Rate 

Total Growth 

applied to 

2030 

Annual 

Growth Rate 

Total Growth 

applied to 

2030 

Ka’ahumanu Avenue 0.7% 16% 0.4% 9% 

Hana Highway 0.4% 9% 0.4% 9% 

Pu’unene Avenue 2.7% 62% 1.6% 37% 

Note:  Mid-morning peak hour assumes the same growth as a.m. peak hour. 

 

These growth factors, which were verified to be consistent with trends in historical rates of growth 

in actual traffic volumes counted in the area, were developed using land use forecasts for the 

entire island.  These forecasts not only combine both elements normally used to forecast traffic in 

an area, i.e., growth trends and specific development projects in the study area, but use of the 

travel demand model includes all developments on the entire island of Maui.  Therefore, applying 

any other growth factors to develop future forecasts that represent the cumulative base conditions 

is not necessary. 
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Cumulative Base (No Action) Traffic Volumes 

 

The cumulative base traffic projections were developed by first applying the appropriate year 2030 

growth factors to the existing traffic volumes at each of the 14 study intersections.   Once again, 

adding the traffic volumes (theoretical maximum trip generation) generated by the ferry operations 

to the street system was necessary to appropriately reflect Year 2030 conditions without the 

project, the harbor master plan. 

 

The resulting traffic volumes, illustrated in Figures 7A and 7B, represent the Year 2030 cumulative 

base, i.e., the future without project or the No Action conditions.  

 

 

PROJECT TRAFFIC PROJECTIONS 

 

In order to develop forecasts of future conditions with the proposed project, it was necessary to 

develop estimates of the project traffic generation.  Development of traffic projections for the 

Kahului Harbor Master Plan involved a three-step process.  This process included estimates of 

the project trip generation, forecasts of the geographic distribution of these trips, and the 

assignment of these trips to the local street system. 

 

 

Project Trip Generation 

 

The conventional approach to trip generation involves the use of trip generation rates found in Trip 

Generation, 7
th
 Edition (Institute of Transportation Engineers, 2003).   For this study, ITE rates 

were not appropriate, as no trip generation estimates for the specific land uses associated with 

Kahului Harbor have been collected.  Instead, traffic count data was collected at the primary 

driveways of the current harbor to develop an estimate of the current volume of traffic generated 

by the different uses at the harbor.  This process led to the development an empirical trip 

generation rate specific to the Kahului Harbor and the uses at the harbor. 
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Existing Harbor Trip Generation 

 

The port operators and activities were grouped into four main categories: barge cargo, Pier 1/3 

cargo, cruise ships, and the HSF.  These separate groups each broadly represent different 

patterns, types and volumes of vehicular movement to support their activities.  The first two 

represent the major shipping operators at the port for cargo including building materials, 

manufactured goods, vehicles, etc.  Barge cargo operations also includes Less than Container 

Load (LCL) shipping, which allows for small and medium size shipping, down to pallet size, for 

smaller operators.  For purposes of this analysis, Pier 1/3 cargo activities include the occasional 

energy, sugar, sand and other miscellaneous operations, some of which require very little external 

vehicular support (e.g., sugar) and occur on a limited basis either once a week (e.g., sand) or 

once a month (e.g., scrap metal, dry cement, fuel, propane).  Cruise ship operations mainly 

consist of moving of tourists to various points of interest around the islands of the state and are 

served by taxis, tour buses and rental-car shuttle vans in roughly equal proportions.  Currently, 

these operations are on Pier 1 next to Pier 1/3 cargo shipping operations and occur six days a 

week with three ships each docked for two full days.  The HSF has made initial voyages, but has 

not yet commenced regular service.  Daily service is to begin in December 2007.  Separating out 

trips generated by these main operators is necessary because of the need to accommodate the 

varying configurations of future port expansion alternatives. 

 

Trips generated by the current operation of the barge cargo, Pier 1/3 cargo and the cruise ships 

were estimated from intersection driveway traffic counts collected on a Tuesday and Wednesday, 

April 17-18, 2007.  These dates were specifically chosen with the assistance of the different 

harbor operators to capture a representative cross-section of activities generated by shipping and 

cruise ship related operations.  The current port configuration restricts vehicles entering and 

exiting the barge cargo area to Wharf Street only.  Thus, Hobron Avenue acts as the main access 

point for vehicles serving Pier 1/3 cargo, cruise ships and any other miscellaneous operations.  In 

addition, vehicle classifications were included in volume counts to distinguish between 

automobiles and various sizes of trucks that reflect these operations.  As noted, trips generated by 

the HSF are derived from Traffic Study for Kahului Ferry Terminal, and represent a theoretical 

maximum trip generation.  Existing port trip generators and the HSF are summarized in Table 7.  

The a.m. peak hour occurred between 7:00 and 9:00 a.m., mid-morning between 9:30 and 10:30 

a.m. (representing the peak hour of HSF operations), and afternoon between 3:30 and 5:30 p.m. 



 30 
 

 
TABLE 7 

EXISTING OPERATING CONDITIONS PLUS HSF 
 VEHICLE TRIPS GENERATED 

          

A.M. Peak Hour Mid-A.M. Peak Hour P.M. Peak Hour 
Port Operator 

In Out Total In Out Total In Out Total 

              
Barge Cargo 61 66 127 76 89 165 38 66 104 
Pier 1/3 Cargo 112 117 229 143 155 298 172 207 379 
Cruise Related 79 59 138 69 63 132 66 85 151 
Hawaii Superferry 0 0 0 328 356 684 0 0 0 
                    
TOTAL 252 242 494 616 663 1,279 276 358 634 
                    

 

As shown in Table 7, the existing vehicular activity at the harbor varies from 494 vehicle trips 

during the morning peak hour (252 inbound and 242 outbound) and approximately 634 vehicle 

trips during the evening peak hour (276 inbound and 358 outbound).  The mid-morning peak was 

also examined, with a total of approximately 1,279 trips being generated (616 inbound and 663 

outbound), with about half, or 684 vph (328 inbound and 356 outbound) generated by a theoretical 

maximum number of vehicles for the HSF. 

 

 

Future Trip Generation by Master Plan 

 

The two alternative scenarios proposed for the Kahului Harbor Master Plan provide different uses 

for internal harbor land.  Both scenarios provide the capacity for expansion of shipping and cargo 

operations (as described in Chapter I), whereas the No Action scenario would keep the existing 

configuration.  This chapter is directed at traffic impacts of the preferred Master Plan Alternative A 

only. 

 

The estimates of future vehicular traffic entering and exiting the harbor area were developed after 

reviewing the details of proposed land use plans, conversing with harbor officials, and studying 

current local land uses.  These discussions were necessary to identify constraints and issues that 

prevent the use of a direct relationship between growth in harbor use of land and increased 

activity, and the growth in peak hour traffic volumes, e.g., the expansion of berth space versus 
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expansion of storage area.  While more ships may be able to dock at an expanded pier, sufficient  

storage space to allow for overlapping loading and unloading of goods must be provided.  

Additionally, limited growth on the island itself over next 20 years restricts the demand for 

materials, vehicles and energy products.  Finally, future plans do not include more than one cruise 

ship docked during the day and any increase in ferry operations is projected for evening hours 

well outside the afternoon peak hour, resulting in no impact on peak hours of travel. 

 

 

Trip Generation for the Preferred Alternative A  

 

Under Alternative A, all the cruise and ferry operations will be moved away from existing piers 

onto a newly created Pier 5 on the new West Breakwater.  Both of these uses are expected to 

operate similarly to 2007 conditions.  No additional ferries or cruise ships are planned during the 

primary travel hours of the day; thus, no additional vehicular trips are expected to be generated.  

However, the transfer of these operations to Pier 5 will free up both berth and storage space for 

the shipping and cargo, notably for cargo and barge operations, on Piers 1, 2 and 3.  This 

alternative includes an expansion of the berth length and storage area on Pier 1 of 45% and 14%, 

respectively.  Pier 2 would also expand berth length and storage area by 34% and 38%, 

respectively.  The addition of Pier 4 for energy uses is not expected to add any significant daily 

vehicular trips.  The estimated increase in vehicle trips generated by the changes to the harbor as 

proposed in Alternative A is summarized in Table 8. 

 

TABLE 8 
MASTER PLAN ALTERNATIVE A TRIP GENERATION 
(INCREMENTAL INCREASE IN TRIPS IN YEAR 2030) 

          

A.M. Peak Hour Mid-A.M. Peak Hour P.M. Peak Hour 
Port Operator 

In Out Total In Out Total In Out Total 

               

Barge Cargo 24 26 50 30 36 66 15 26 41 
Pier 1/3 Cargo 28 29 57 36 39 75 43 52 95 
Cruise Related 0 0 0 0 0 0 0 0 0 

Ferry 0 0 0 0 0 0 0 0 0 
           
TOTAL 52 55 107 66 75 141 58 78 136 
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The implementation of Alternative A would result in an increase in peak hour traffic of 107 vph 

during the morning peak hour, 141 vph during the mid-morning peak hour, and 136 vph during the 

evening peak hour. 

 

 

Project Trip Distribution and Trip Assignment 

 

Factors considered in the development of the project trip distribution included a review of historic 

traffic volume data in the area, observations of existing traffic patterns, and the geographic 

distribution of industrial/commercial activity on Maui.  Based on these factors, trip distribution 

patterns were developed for the different harbor uses.  In general, the barge cargo and its 

operations represent more of an islandwide distribution because they deal with smaller shipments 

to commercial and retail operations.  Pier 1/3 cargo deals with larger shipments generally directed 

at industrial areas and has a more local distribution because a majority of industrial development 

is close to Kahului.  Figure 8 represents the barge cargo and other harbor uses that have an 

islandwide impact, and Figure 9 represents Pier 1/3 cargo and other harbor uses with a more local 

impact.  

 
Figures 10A and 10B illustrate the assignment of new project-related traffic at each study 

intersection for the preferred Master Plan Alternative A using these two distribution patterns. 

   

 

CUMULATIVE PLUS PROJECT (ALTERNATIVE A) TRAFFIC PROJECTIONS 

 

The project-generated traffic volumes were added to the cumulative base No Action traffic 

projections to develop the cumulative plus project Alternative A traffic forecasts for 2030.  Figures 

11A and 11B illustrate the projected cumulative plus project a.m. and p.m. peak hour traffic 

volumes at each of the 14 study intersections. 
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IV. TRAFFIC IMPACT ANALYSIS – PREFERRED MASTER PLAN ALTERNATIVE A 

 

 

 

This chapter presents an analysis of the potential impacts of the traffic generated by the potential 

implementation of the proposed project, Alternative A of the Kahului Harbor Master Plan, on the 

roadway system.  The analysis compares the projected levels of service at each study intersection 

under cumulative conditions in 2030 both with and without the proposed project to determine the 

potential impact of the proposed project. 

 

 

INTERSECTION IMPACT CRITERIA 

 

As indicated, level of service provides a qualitative assessment of the operating conditions of a 

roadway facility or intersection.  According to discussions with the County of Maui, the minimum 

acceptable LOS for any intersection in an urbanized area of Maui is LOS D.  Because the entire 

study area is within the urbanized area of Kahului, LOS D serves as the minimum acceptable 

standard for this study.  If under the No Action (cumulative base) scenario an intersection is 

operating at LOS E or F, then that location is considered to have a cumulative traffic impact. 

 

If an intersection is operating at LOS E or F under the No Action (cumulative base) scenario and 

the proposed project adds delay to this intersection, then the project is considered to be 

contributing to a cumulative impact.  If an intersection is operating at LOS D and degrades to LOS 

E or worse with the addition of the project traffic, then the project is considered to have a 

significant adverse effect at this location.   

 

 

CUMULATIVE BASE (NO ACTION) TRAFFIC CONDITIONS 

 

This section presents an analysis of potential future traffic conditions under projected year 2030 

conditions.  The cumulative base traffic volumes projected for the study area were analyzed using 



 40 
 

the methodologies described in Chapter II to determine the operating conditions for existing 

conditions as well as base conditions for the study area.   

 

Table 9 summarizes the results of this analysis.  The following four intersections are expected to 

operate at LOS E or F during the a.m. or p.m. peak hours in 2030 and are considered to have a 

cumulative impact:  

 

• Dairy Road & Pu’unene Avenue/Mokulele Highway 

• Haleakala Highway/Hanakai Street & Hana Highway 

• Haleakala Highway & Hana Highway 

• Hobron Avenue & Amala Place 

 

The remaining 10 study intersections are expected to continue operating at an acceptable level of 

service (LOS D or better) during both the a.m. and p.m. peak hours. 

 

In the mid-morning peak hour, the following intersections are projected to operate at LOS E or F: 

 

• Haleakala Highway/Hanakai Street & Hana Highway 

• Haleakala Highway & Hana Highway 

 

The remaining 12 study intersections are projected to operate at LOS D or better during the mid-

morning peak hour. 

 

The intersections listed above for the a.m., mid-morning and p.m. peak hours remain at 

unacceptable levels of service independent of any port planning activity.  These locations are 

operating at these LOS values because of the ambient traffic growth predicted by 2030. 

 

 

CUMULATIVE PLUS PROJECT (ALTERNATIVE A) TRAFFIC CONDITIONS 

 

The cumulative plus project peak hour traffic volumes illustrated in Figures 10A and 10B were 

analyzed to determine 2030 operating conditions with the addition of project-related traffic.  The 



Del/Veh
1 LOS Del/Veh

1 LOS

1. Ka'ahumanu Av A.M. 23.8 C 27.6 C 4 NO

& Papa Av/Wahine Pi'o Signalized Mid-A.M. 18.6 B 19.7 B 1 NO

P.M. 18.8 B 22.3 C 4 NO

2. Wahine Pi'o A.M. 10.7 B 12.1 B 1 NO

& Kahului Beach Rd Signalized Mid-A.M. 8.7 A 9.0 A 0 NO

P.M. 10.7 B 11.5 B 1 NO

3. Ka'ahumanu Av A.M. 22.8 C 30.3 C 8 NO

& Kahului Beach Rd / Kane St Signalized Mid-A.M. 22.1 C 27.2 C 5 NO

P.M. 39.6 D 42.4 D 3 NO

4. Ka'ahumanu Av A.M. 19.3 B 22.1 C 3 NO

& Pu'unene Av Signalized Mid-A.M. 42.3 D 54.7 D 12 NO

P.M. 29.5 C 38.4 D 9 NO

5. Wakea Av A.M. 27.0 C 29.3 C 2 NO

& Pu'unene Av Signalized Mid-A.M. 25.3 C 27.9 C 3 NO

P.M. 29.3 C 31.4 C 2 NO

6. Dairy Rd A.M. 32.9 C 45.1 D 12 NO

& Pu'unene Av / Mokulele Hwy Signalized Mid-A.M. 30.8 C 40.2 D 9 NO

P.M. 55.7 E 85.7 F 30 YES

7. Dairy Rd A.M. 29.6 C 33.4 C 4 NO

& Hana Hwy Signalized Mid-A.M. 23.8 C 26.2 C 2 NO

P.M. 33.7 C 40.4 D 7 NO

8. Haleakala Hwy / Hanakai St A.M. 41.0 E 50.0 E 9 YES

& Hana Hwy Side-Street Stop Mid-A.M. 31.0 D 35.9 E 5 YES

P.M. 32.0 D 39.2 E 7 YES

9. Haleakala Hwy A.M. 37.0 E 119.5 F 83 YES

& Hana Hwy Side-Street Stop Mid-A.M. 11.0 B 54.5 F 44 YES

P.M. 7.0 A 48.7 E 42 YES

10. Hobron Av / Kamehameha Av A.M. 22.4 C 24.9 C 3 NO

& Hana Hwy Signalized Mid-A.M. 22.1 C 23.7 C 2 NO

P.M. 37.9 D 54.7 D 17 NO

11. Ka'ahumanu Av / Hana Hwy A.M. 12.0 B 26.5 D 15 NO

& Ka'ahumanu Av Side-Street Stop Mid-A.M. 13.0 B 21.9 C 9 NO

P.M. 14.0 B 14.2 B 0 NO

12. Hobron Av A.M. 15.0 B 19.3 C 4 NO

& Ka'ahumanu Av Side-Street Stop Mid-A.M. 18.0 C 19.9 C 2 NO

P.M. 26.0 D 30.3 D 4 NO

13. Hobron Av A.M. 20.0 C 24.3 C 4 NO

& Amala Pl Side-Street Stop Mid-A.M. 24.0 C 31.6 D 8 NO

P.M. 46.0 E 81.0 F 35 YES

14. Ka'ahumanu Av A.M. 6.7 A 7.7 A 1 NO

& Wharf St Signalized Mid-A.M. 9.4 A 10.1 B 1 NO

P.M. 11.4 B 12.7 B 1 NO

Note:

1
For stop-controlled intersections delay is shown for the worst-case intersection approach.

Del/Veh 

Change

Delay indicates average stopped delay per vehicle in seconds for signalized intersections. 

PEAK HOUR LEVELS OF SERVICE

TABLE 9

YEAR 2030 - CUMULATIVE BASE (NO ACTION) CONDITIONS

Cumulative 

Impact?
Intersections Control

Peak 

Hour

2007 Baseline
2030 Cumulative

Base No Action
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results of the cumulative plus project analysis are presented in Table 10.  The proposed project 

would contribute to cumulatively impacted conditions (LOS E of F) during one or both of the a.m. 

or p.m. peak hours at three study intersections: 

 

• Dairy Road & Pu’unene Avenue/Mokulele Highway 

• Haleakala Highway/Hanakai Street & Hana Highway 

• Haleakala Highway & Hana Highway 

 

All intersections, with the exception of Haleakala Highway/Hanakai Street and Hana Highway in 

the a.m. peak hour and Haleakala Highway and Hana Highway in the p.m. peak hour, will remain 

at the same LOS as in the cumulative base scenario.  Both of these intersections worsen from a 

LOS E to F, with changes in delay between one and eight seconds.  The intersection of Hobron 

Avenue and Amala Place will still operate at LOS F under with project conditions, but will operate 

with less delay with the project than in the No Action scenario.  This is as a direct result of the 

relocation of cruise ship operations to the West Breakwater.   

 

In 2030 during the mid-morning peak hour (with the addition of the Master Plan), the intersection 

of Haleakala Highway/Hanakai Street and Hana Highway remains at LOS E with a minimal 

increase in delay.  Additionally, the intersection of Haleakala Highway and Hana Highway stays at 

LOS F.  Improvements in delay and LOS occur at the intersection of Ka’ahumanu Avenue and 

Pu’unene Avenue in the mid-morning peak hour.  This is a direct result of the relocation of ferry 

operations to the West Breakwater. 

 

 

PROPOSED MITIGATION MEASURES AND PROJECT CONTRIBUTION 

 

The mitigation program for the project developed measures to increase the capacity and/or 

efficiency of the roadway system at locations where the addition of project-related traffic would 

contribute to projected poor operating conditions.  The primary emphasis was to identify physical 

and/or operational improvements that could be implemented within the existing or planned 

roadway rights-of-way.   



Del/Veh
1 LOS Del/Veh

1 LOS Del/Veh
1 LOS

1. Ka'ahumanu Av A.M. 27.6 C 28.7 C 1.1 NO NO

& Papa Av/Wahine Pi'o Signalized Mid-A.M. 19.7 B 26.5 C 6.8 NO NO

P.M. 22.3 C 22.6 C 0.3 NO NO

2. Wahine Pi'o A.M. 12.1 B 12.3 B 0.2 NO NO

& Kahului Beach Rd Signalized Mid-A.M. 9.0 A 12.6 B 3.6 NO NO

P.M. 11.5 B 11.8 B 0.3 NO NO

3. Ka'ahumanu Av A.M. 30.3 C 30.8 C 0.5 NO NO

& Kahului Beach Rd / Kane St Signalized Mid-A.M. 27.2 C 29.3 C 2.1 NO NO

P.M. 42.4 D 44.5 D 2.1 NO NO

4. Ka'ahumanu Av A.M. 22.1 C 23.3 C 1.2 NO NO

& Pu'unene Av Signalized Mid-A.M. 54.7 D 33.5 C -21.2 NO NO

P.M. 38.4 D 40.5 D 2.1 NO NO

5. Wakea Av A.M. 29.3 C 29.6 C 0.3 NO NO

& Pu'unene Av Signalized Mid-A.M. 27.9 C 27.9 C 0.0 NO NO

P.M. 31.4 C 31.7 C 0.3 NO NO

6. Dairy Rd A.M. 45.1 D 46.0 D 0.9 NO NO 36.5 D NO

& Pu'unene Av / Mokulele Hwy Signalized Mid-A.M. 40.2 D 41.3 D 1.1 NO NO 32.1 C NO

P.M. 85.7 F 87.2 F 1.5 YES NO 53.3 D NO

7. Dairy Rd A.M. 33.4 C 33.5 C 0.1 NO NO

& Hana Hwy Signalized Mid-A.M. 26.2 C 26.3 C 0.1 NO NO

P.M. 40.4 D 41.3 D 0.9 NO NO

8. Haleakala Hwy / Hanakai St A.M. 50.0 E 51.0 F 1.0 YES NO 24.7 C NO

& Hana Hwy Side-Street Stop Mid-A.M. 35.9 E 36.9 E 1.0 YES NO 20.7 C NO

(Signalized) P.M. 39.2 E 42.6 E 3.4 YES NO 16.1 B NO

9. Haleakala Hwy A.M. 119.5 F 127.7 F 8.2 YES NO Intersections 8 & 9 combined,

& Hana Hwy Side-Street Stop Mid-A.M. 54.5 F 59.7 F 5.2 YES NO in mitigation, as a single

P.M. 48.7 E 53.2 F 4.5 YES NO signalized intersection 8 (see above)

10. Hobron Av / Kamehameha Av A.M. 24.9 C 25.3 C 0.4 NO NO

& Hana Hwy Signalized Mid-A.M. 23.7 C 24.2 C 0.5 NO NO

P.M. 54.7 D 53.4 D -1.3 NO NO

11. Ka'ahumanu Av / Hana Hwy A.M. 26.5 D 27.8 D 1.3 NO NO

& Ka'ahumanu Av Side-Street Stop Mid-A.M. 21.9 C 23.4 C 1.5 NO NO

P.M. 14.2 B 14.9 B 0.7 NO NO

12. Hobron Av A.M. 19.3 C 18.4 C -0.9 NO NO

& Ka'ahumanu Av Side-Street Stop Mid-A.M. 19.9 C 19.9 C 0.0 NO NO

P.M. 30.3 D 34.3 D 4.0 NO NO

13. Hobron Av A.M. 24.3 C 21.4 C -2.9 NO NO

& Amala Pl Side-Street Stop Mid-A.M. 31.6 D 28.5 D -3.1 NO NO

P.M. 81.0 F 64.3 F -16.7 YES NO

14. Ka'ahumanu Av A.M. 7.7 A 8.2 A 0.5 NO NO

& Wharf St Signalized Mid-A.M. 10.1 B 10.4 B 0.3 NO NO

P.M. 12.7 B 14.3 B 1.6 NO NO

Note:

1

Delay indicates average stopped delay per vehicle in seconds for signalized intersections. 

For stop-controlled intersections delay is shown for the worst-case intersection approach.

TABLE 10

Intersections Control
Peak 

Hour

2030 Cumulative Base

No Action

2030 Cumulative

plus Project Alt A
Cumulative 

Impact?

PEAK HOUR LEVELS OF SERVICE

YEAR 2030 CUMULATIVE BASE PLUS PROJECT ALTERNATIVE A CONDITIONS

Del/Veh 

Change

2030 + Project Alt A

with Mitigation
Cumulative 

Impact?

Significant 

Adverse 

Effect?
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The project-related component of future traffic growth at the intersections with cumulative impacts 

was calculated based on the proportion of project peak hour traffic relative to the total new peak 

hour 2030 traffic volumes.  Fair-share calculations were made for the a.m., mid-morning and p.m. 

peak hours, and the maximum project contribution was estimated to be between approximately 

5% and 14%, as shown in Table 11.  The recommended mitigations measures to address the 

identified cumulative traffic impacts are described below:   

   

• Dairy Road and Pu’unene Avenue/Mokulele Highway – The intersection of Dairy Road and 
Pu’unene Avenue/Mokulele Highway could be mitigated to LOS D with the addition of 
another southbound left-turn lane.  The high volumes of left turns during the p.m. peak 
hour are delayed by the increases in through traffic at this location.  In order to 
accommodate another southbound left-turn lane on Pu’unene Avenue, this mitigation 
requires the removal of a 15-foot landscaped median at this intersection.  With the new 
configuration at this intersection, the LOS would improve over the 2030 No Action 
scenario.  While this improvement mitigates the impact of the Harbor traffic, there is the 
need to consider regionally-oriented long-term improvements to accommodate anticipated 
regional traffic growth from West and South Maui.  The project’s fair-share contribution to 
the cost of this mitigation measure is identified as 4.3%. 

 
• Haleakala Highway/Hanakai Street and Hana Highway and Haleakala Highway and Hana 

Highway – These two stop-controlled intersections are operating poorly under the 
cumulative base (No Action) scenario and will worsen very slightly with the addition of the 
proposed project.  In order to improve operations at this intersection, the two intersections 
should be combined into one and signalized.  Signal warrant analysis was conducted 
based on the Peak Hour Warrant presented in Manual on Uniform Traffic Control Devices 
(MUTCD) (National Committee on Uniform Traffic Control Devices, 2003).  It indicates that 
a traffic signal installation at this location would be warranted under cumulative plus project 
conditions.  The proposed combined operation will pull the left-turn pocket for eastbound 
traffic on Hana Highway up to the intersection at Hanakai Street, allowing this movement 
protected turn status.  The lane configuration for this mitigation is shown in Appendix A. 
With installation of the signal and the combination of the two intersections, the intersection 
would operate no worse than LOS C for any of the analyzed peak hours.  The project’s 
fair-share contribution to the cost of this mitigation measure is identified as 13.9%. 

 

 

EFFECTIVENESS OF MITIGATION MEASURES 

 

The effectiveness of each of the proposed mitigation measures was assessed using the same 

techniques used to assess project operating conditions.  As illustrated in Table 10, the effect of 

the project contribution on the cumulative traffic impacts would be fully mitigated with the 

implementation of the proposed mitigation measures.  The results indicate that each of these 



TABLE 11

PROJECT ALTERNATIVE A FAIR SHARE INTERSECTION TRAFFIC CONTRIBUTION

Intersection Peak Hour Existing Traffic

2030 With 

Project 

Traffic

Project 

Traffic

Total New 

Traffic

Project % 

of new 

Traffic

Pu'unene Av/Mokulele Hwy & Dairy Road A.M. 4076 5160 35 1084 3.2%

MID-A.M. 3989 5054 45 1065 4.2%

P.M. 4328 5064 44 736 6.0%

Average 4131 5093 41 962 4.3%

Haleakala Hwy/Hanakai St & Hana Hwy A.M. 2358 2606 29 248 11.7%

MID-A.M. 2215 2427 39 212 18.4%

P.M. 2509 2781 42 271 15.5%

Average 2361 2605 37 244 15.2%

Haleakala Hwy & Hana Hwy A.M. 1880 2070 17 190 8.9%

MID-A.M. 1647 1810 22 163 13.5%

P.M. 1508 1668 21 160 13.1%

Average 1678 1849 20 171 11.7%

Haleakala Hwy/Hanakai St & Hana Hwy
& Haleakala Hwy & Hana Hwy Combined Fair Share 13.9%
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intersections would operate at LOS D or better under future conditions with the addition of the 

proposed project traffic and the recommended mitigation measure.  

 

 

REGIONAL ANALYSIS 

 

An analysis was conducted to determine the potential impacts to Maui’s roadway system on a 

regional basis.  Given the future year analysis of the project is 2030, assessment of the impact 

of the proposed Master Plan on the key regional highways was essential to determine whether 

any additional mitigation was required.  The following segments were examined with the 

proposed project, and the increase in traffic at each location was identified: 

 

• Ka’ahumanu Avenue east of Kahului Beach Road 

• Hana Highway west of Haleakala Highway 

• Pu’unene Avenue south of Ka’ahumanu Avenue 

 

The increases in traffic attributable to the proposed Master Plan (Alternative A) are displayed in 

Table 12.  The largest two-way increase in traffic occurs on the Hana Highway segment (in the 

p.m. peak hour), where traffic grows by approximately 46 trips (or 1.3%).   The largest 

percentage increase in traffic occurs on the Pu’unene Avenue segment (in the mid-morning 

peak hour) where traffic grows by 2.2% (or 34 trips). 

 

Based on the 2030 cumulative base (No Action) volumes, the estimated level of increase in 

traffic on the aforementioned segments is not deemed to be significant.  The project, on the 

whole, is responsible for marginal increases in traffic on the regional street system in Maui. 

 



A.M. MID-A.M. P.M. A.M. MID-A.M. P.M. A.M. MID-A.M. P.M.

Ka'ahumanu Av

East of Kahului 
Beach Rd WB 2127 1825 2088 11 14 15 0.5% 0.8% 0.7%

EB 1936 1838 2229 9 13 12 0.5% 0.7% 0.5%
total 4063 3663 4317 20 27 27 0.5% 0.7% 0.6%

Hana Hwy

West of 
Haleakala Hwy WB 1985 1650 1522 17 21 21 0.9% 1.3% 1.4%

EB 1261 1412 2131 17 24 25 1.3% 1.7% 1.2%
total 3246 3062 3653 34 45 46 1.0% 1.5% 1.3%

Pu'unene Av

South of 
Ka'ahumanu Av SB 758 814 757 13 18 15 1.7% 2.2% 2.0%

NB 619 707 927 12 16 11 1.9% 2.3% 1.2%
total 1377 1521 1684 25 34 26 1.8% 2.2% 1.5%

Cumulative Base New Trips - Alternative A  % Increase in New Trips

TABLE 12

DirectionLocationStreet

REGIONAL TRAFFIC GROWTH ANALYSIS
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V.  MASTER PLAN ALTERNATIVE B ANALYSIS   

 

 

 

As discussed, the alternative to the project is also evaluated in this report and is referred to as 

Alternative B.  This project alternative also includes the development of Piers 4 and the West 

Breakwater and Pier 5.  In this scenario, Pier 5 would be used primarily for cargo operations.  Pier 

5 would be 1,200 feet long with 26 acres for the cargo operations.  Pier 2 would be redeveloped to 

accommodate both the ferry and cruise ships.  As part of this redevelopment, Pier 2 would be 

increased in length to 1,200 feet with 6.2 acres available for cruise ship operations.  The area 

dedicated to ferry operations would consist of 4.4 acres with 10.6 acres for cargo operations.  The 

full project description for Alternative B is shown in Figure 3. 

 

 

MASTER PLAN ALTERNATIVE B TRAFFIC PROJECTIONS 

 

Alternative B proposes the use of Pier 5, configured for barge cargo operation.  Compared to 

Alternative A, barge cargo would have similar berth length available, but with less storage area.  

This option would alter Pier 2 for continued use of the ferry, and would subsequently add cruise 

ship operations in the same location.  This option does not expand Pier 1 or 3, but Pier 1/3 cargo 

operations will be relieved of current cruise ship berth and storage space.   

 

 

Alternative B Trip Generation 

 

Techniques similar to those used for the trip generation for the preferred alternative were used to 

develop trip generation estimates for the Master Plan Alternative B.  Table 13 summarizes the 

additional vehicle trips generated by the proposed port expansion configuration by Year 2030. 
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TABLE 13 

MASTER PLAN ALTERNATIVE B TRIP GENERATION 
(INCREMENTAL INCREASE IN TRIPS IN YEAR 2030) 

 

          

A.M. Peak Hour 
Mid-A.M. Peak 

Hour P.M. Peak Hour Operation 

In Out Total In Out Total In Out Total 

               

Barge Cargo 18 20 38 23 27 50 11 20 31 
Piers 1/3 
Cargo 17 18 35 21 23 44 26 31 57 
Cruise Related 0 0 0 0 0 0 0 0 0 
Ferry 0 0 0 0 0 0 0 0 0 
           
TOTAL 35 38 73 44 50 94 37 51 88 

                    

 

 

Project Trip Distribution and Trip Assignment 

 

The trip distribution patterns developed for Alternative A and illustrated in Figures 8 and 9 were 

also used to develop a distribution pattern for trips generated by Alternative B.  Figure 12A 

illustrates the assignment of project traffic for Alternative B to each of the 14 study intersections 

during the morning and evening peak hour, while Figure 12B illustrates the assignment of  

project-related traffic at each study intersection for Alternative B during the mid-morning peak 

hour. 

 

 

INTERSECTION IMPACT CRITERIA 

 

As indicated, level of service provides a qualitative assessment of the operating condition of a 

roadway facility or intersection.  According to discussions with the County of Maui, the minimum 

acceptable level of service for any intersection in an urbanized area of Maui is LOS D.  Because 

the entire study area is within the urbanized area of Kahului, LOS D serves as the minimum 

acceptable standard for this study.  If under the No Action (cumulative base) scenario an 
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intersection is operating at LOS E or F, then that location is considered to have a cumulative 

traffic impact. 

 

If an intersection is operating at LOS E or F under the No Action (cumulative base) scenario and 

the proposed project adds delay to this intersection, then the project is considered to be 

contributing to a cumulative impact.  If an intersection is operating at LOS D and degrades to LOS 

E or worse with the addition of the project traffic, then the project is considered to have a 

significant adverse effect.   

 

 

CUMULATIVE PLUS PROJECT TRAFFIC PROJECTIONS 

 

The cumulative plus project traffic projections for Alternative B were developed using the same 

techniques and the same data base as for the preferred alternative, the proposed Master Plan.  

The cumulative base traffic volumes illustrated in Figures 7A and 7B were used along with the 

project volumes illustrated in Figures 12A and 12B for Alternative B to develop the cumulative plus 

project traffic forecasts for master plan Alternative B.  Figure 13A illustrates the projected volumes 

for each of the 14 study intersections during the morning and afternoon peak hours and Figure 

13B illustrates the forecasts for the mid-morning peak hour. 

 

 

ANALYSIS OF CUMULATIVE PLUS PROJECT (ALTERNATIVE B) TRAFFIC CONDITIONS 

 

The cumulative plus project peak hour traffic volumes illustrated in Figures 13A and 13B were 

analyzed to determine 2030 operating conditions with the addition of project-related traffic for 

Alternative B.  The results of the cumulative plus project analysis for Alternative B are presented in 

Table 14.  The proposed project would contribute to cumulative impacts (LOS E or F conditions) 

during one or both peak hours at three study intersections: 

 

• Dairy Road & Pu’unene Avenue/Mokulele Highway 

• Haleakala Highway/Hanakai Street & Hana Highway 

• Haleakala Highway & Hana Highway 
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Del/Veh
1 LOS Del/Veh

1 LOS Del/Veh
1 LOS

1. Ka'ahumanu Av A.M. 27.6 C 28.7 C 1.1 NO NO

& Papa Av/Wahine Pi'o Signalized Mid-A.M. 19.7 B 20.5 C 0.8 NO NO

P.M. 22.3 C 22.5 C 0.2 NO NO

2. Wahine Pi'o A.M. 12.1 B 12.9 B 0.8 NO NO

& Kahului Beach Rd Signalized Mid-A.M. 9.0 A 9.3 A 0.3 NO NO

P.M. 11.5 B 11.8 B 0.3 NO NO

3. Ka'ahumanu Av A.M. 30.3 C 30.8 C 0.5 NO NO

& Kahului Beach Rd/Kane St Signalized Mid-A.M. 27.2 C 27.9 C 0.7 NO NO

P.M. 42.4 D 44.1 D 1.7 NO NO

4. Ka'ahumanu Av A.M. 22.1 C 22.5 C 0.4 NO NO 21.8 C NO

& Pu'unene Av Signalized Mid-A.M. 54.7 D 57.5 E 2.8 YES YES 38.9 D NO

P.M. 38.4 D 40.0 D 1.6 NO NO 30.5 C NO

5. Wakea Av A.M. 29.3 C 29.6 C 0.3 NO NO

& Pu'unene Av Signalized Mid-A.M. 27.9 C 27.9 C 0.0 NO NO

P.M. 31.4 C 31.5 C 0.1 NO NO

6. Dairy Rd A.M. 45.1 D 45.7 D 0.6 NO NO 35.2 D NO

& Pu'unene Av/Mokulele Hwy Signalized Mid-A.M. 40.2 D 41.1 D 0.9 NO NO 32.0 C NO

P.M. 85.7 F 86.6 F 0.9 YES NO 53.2 D NO

7. Dairy Rd A.M. 33.4 C 33.5 C 0.1 NO NO

& Hana Hwy Signalized Mid-A.M. 26.2 C 26.3 C 0.1 NO NO

P.M. 40.4 D 40.9 D 0.5 NO NO

8. Haleakala Hwy/Hanakai St A.M. 50.0 E 50.7 F 0.7 YES NO 24.6 C NO

& Hana Hwy Side-Street Stop Mid-A.M. 35.9 E 36.6 E 0.7 YES NO 20.6 C NO

(Signalized) P.M. 39.2 E 41.1 E 1.9 YES NO 16.0 B NO

9. Haleakala Hwy A.M. 119.5 F 124.4 F 4.9 YES NO Intersections 8 & 9 combined,

& Hana Hwy Side-Street Stop Mid-A.M. 54.5 F 58.0 F 3.5 YES NO in mitigation, as a single

P.M. 48.7 E 57.7 F 9.0 YES NO signalized intersection 8

10. Hobron Av/Kamehameha Av A.M. 24.9 C 24.3 C -0.6 NO NO

& Hana Hwy Signalized Mid-A.M. 23.7 C 23.0 C -0.7 NO NO

P.M. 54.7 D 51.2 D -3.5 NO NO

11. Ka'ahumanu Av/Hana Hwy A.M. 26.5 D 23.9 C -2.6 NO NO

& Ka'ahumanu Av Side-Street Stop Mid-A.M. 21.9 C 20.1 C -1.8 NO NO

P.M. 14.2 B 13.9 B -0.3 NO NO

12. Hobron Av A.M. 19.3 C 17.0 C -2.3 NO NO

& Ka'ahumanu Av Side-Street Stop Mid-A.M. 19.9 C 18.4 C -1.5 NO NO

P.M. 30.3 D 26.7 D -3.6 NO NO

13. Hobron Av A.M. 24.3 C 18.6 C -5.7 NO NO

& Amala Pl Side-Street Stop Mid-A.M. 31.6 D 23.1 C -8.5 NO NO

P.M. 81.0 F 42.4 E -38.6 YES NO

14. Ka'ahumanu Av A.M. 7.7 A 7.2 A -0.5 NO NO

& Wharf St Signalized Mid-A.M. 10.1 B 9.1 A -1.0 NO NO

P.M. 12.7 B 11.9 B -0.8 NO NO

Note:

1 Delay indicates average stopped delay per vehicle in seconds for signalized intersections. 

For stop-controlled intersections delay is shown for the worst-case intersection approach.

TABLE 14

Intersections Control
Peak 

Hour
No Action

2030 Cumulative

plus Project Alt B
Cumulative 

Impact?

PEAK HOUR LEVELS OF SERVICE

YEAR 2030 CUMULATIVE BASE PLUS PROJECT ALTERNATIVE B CONDITIONS

Del/Veh 

Change

2030 + Project Alt B

with Mitigation

2030 Cumulative Base Significant 

Adverse 

Effect?

Cumulative 

Impact?
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The intersection listed below would experience a significant adverse effect with the addition of the 

project traffic as the level of service degrades from LOS D to LOS E. 

 

• Ka’ahumanu Avenue & Pu’unene Avenue 

 

Under Alternative B, the project contributes to cumulative impacts at the same three intersections 

identified for the preferred alternative, Master Plan Alternative A, with a significant adverse project 

effect at the Ka’ahumanu Avenue and Pu’unene Avenue intersection.  With Alternative B, the 

intersection of Hobron Avenue and Amala Place would improve in the p.m. peak hour from LOS F 

to E.  This is a result of barge cargo operations being moved to new Pier 5. 

 

 

ALTERNATIVE B PROPOSED MITIGATION MEASURES AND PROJECT CONTRIBUTION  

 

The mitigation program for Alternative B is similar to the proposed project.  The project-related 

component of future traffic growth at the intersections listed above was calculated based on the 

proportion of project peak hour traffic relative to the total new peak hour 2030 traffic volumes.  

Fair-share calculations were made for the a.m., mid-morning and p.m. peak hours, and the 

maximum project contribution was estimated to be between approximately 3% and 10%, as 

shown in Table 15.  The recommended mitigation measures to address the identified deficiencies 

are described below:   

 

• Ka’ahumanu Avenue and Pu’unene Avenue – The intersection of Ka’ahumanu Avenue 
and Pu’unene Avenue could be mitigated to LOS D in the mid-morning peak hour with the 
reconfiguration of the intersection.  The new configuration would consist of two northbound 
left-turn lanes and a through/right lane on the northbound approach, which would be 
accommodated through the removal of a southbound departure lane.  The southbound 
approach would also need to be reconfigured to a through/right lane and a left-turn lane to 
ensure that both the northbound and southbound approaches align correctly.  Additionally, 
this mitigation may require a physical reconstruction of the eastbound approach.  The 
reconstruction is necessary to cut back the raised median to provide additional room to 
clear two lanes turning left from northbound on Pu’unene to westbound on Ka’ahumanu.  
The project’s fair-share contribution to the cost of this mitigation measure is identified as 
6.1%. 

 
• Dairy Road and Pu’unene Avenue/Mokulele Highway – The intersection of Dairy Road and 

Pu’unene Avenue/Mokulele Highway could be mitigated to LOS D with the addition of 
another southbound left-turn lane.  The high volumes of left turns during the p.m. peak 



TABLE 15

PROJECT ALTERNATIVE B FAIR SHARE INTERSECTION TRAFFIC CONTRIBUTION

Intersection Peak Hour Existing Traffic

2030 With 

Project 

Traffic

Project 

Traffic

Total New 

Traffic

Project % 

of new 

Traffic

Ka'ahumanu Av/ Pu'unene Av A.M. 3738 4336 26 598 4.3%
MID-A.M. 4054 4592 46 538 8.6%
P.M. 4137 4526 20 389 5.1%
Average 3976 4485 31 508 6.1%

Pu'unene Av/Mokulele Hwy & Dairy Road A.M. 4076 5150 25 1074 2.3%
MID-A.M. 3989 5040 31 1051 2.9%
P.M. 4328 5048 28 720 3.9%
Average 4131 5079 28 948 3.0%

Haleakala Hwy/Hanakai St & Hana Hwy A.M. 2358 2598 21 240 8.8%
MID-A.M. 2215 2415 27 200 13.5%
P.M. 2509 2765 27 256 10.5%

Average 2361 2593 25 232 10.8%

Haleakala Hwy & Hana Hwy A.M. 1880 2064 11 184 6.0%
MID-A.M. 1647 1803 15 156 9.6%
P.M. 1508 1661 14 153 9.2%
Average 1678 1843 13 164 7.9%

Haleakala Hwy/Hanakai St & Hana Hwy
& Haleakala Hwy & Hana Hwy Combined Fair Share 9.8%



 58 
 

hour are delayed by the increases in through traffic at this location.  In order to 
accommodate another southbound left-turn lane on Pu’unene Avenue, this mitigation 
requires the removal of a 15-foot landscaped median at this intersection.  With the new 
configuration at this intersection, the LOS would improve over the 2030 No Action 
scenario.  While this improvement mitigates the impact of the harbor traffic, there is the 
need to consider regionally-oriented long-term improvements to accommodate anticipated 
regional traffic growth from West and South Maui.  The project’s fair-share contribution to 
the cost of this mitigation measure is identified as 3%. 

 
• Haleakala Highway/Hanakai Street and Hana Highway and Haleakala Highway and Hana 

Highway – These two stop-controlled intersections are operating poorly under the 
cumulative base (No Action) scenario and will worsen very slightly with the addition of the 
proposed project.  In order to improve operations at this intersection, the two intersections 
should be combined into one and signalized.  Signal warrant analysis was conducted 
based on the Peak Hour Warrant presented in the MUTCD.  It indicates that a traffic signal 
installation at this location would be warranted under cumulative plus project conditions.  
The proposed combined operation will pull the left-turn pocket for eastbound traffic on 
Hana Highway up to the intersection at Hanakai Street, allowing this movement protected 
turn status.  The lane configuration for this mitigation is shown in Appendix A. With 
installation of the signal and the combination of the two intersections, the intersection 
would operate no worse than LOS C for any of the analyzed peak hours.  The project’s 
fair-share contribution to the cost of this mitigation measure is identified as 9.8%. 

 

 

EFFECTIVENESS OF MITIGATION MEASURES 

 

The effectiveness of each of the proposed mitigation measures was assessed using the same 

techniques used to assess project operating conditions.  As illustrated in Table 14, all four project-

related impacts would be fully mitigated with the implementation of the proposed mitigation 

measures.  The results indicate that each of these intersections would operate at LOS D or better 

under future conditions with the addition of the proposed project traffic with the implementation of 

the recommended mitigation measure. 
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VI.  SUMMARY AND CONCLUSIONS 

 

 

 

This study was undertaken to analyze potential traffic impacts of the proposed Kahului Harbor 

Master Plan Project in the Kahului area on the island of Maui.  The following summarizes the key 

findings of the study: 

 

• The preferred Kahului Harbor Master Plan Project proposes that the harbor will develop a 
West Breakwater and a Pier 5.  At this location, cruise ship and ferry operations will be 
housed.  Pier 5 will be 1,200 feet long with approximately 22 acres of land serving it.  The 
existing operations from Piers 1 and 2 will be transferred to Pier 5 help improve current 
conditions and to expand the operations at the harbor.  Under this preferred project 
alternative, Pier 1 will increase in length to 2,400 feet with 20.5 acres of land serving it. 

 
• Peak hour capacity analyses were conducted for 14 intersections on the street system 

in the vicinity of the project site.  Ten of the 14 existing intersections operate at LOS D 
or better during the weekday peak hours. 

 
• The project is expected to generate approximately 107 trips (52 inbound, 55 outbound) 

during the a.m. peak hour, 141 trips (66 inbound, 75 outbound) in the mid-morning peak 
hour, and 136 trips (58 inbound, 78 outbound) during the weekday afternoon peak hour.  

 
• Analysis of projected year 2030 cumulative base (No Action) conditions, representing 

future conditions without the proposed project, indicates that four of the 14 analyzed 
intersections would experience a cumulative impact.  These intersections would operate 
at LOS E or F during one or both of the a.m. and p.m. peak hours, along with two 
intersections during the mid-morning peak hour. 

 
• Analysis of projected year 2030 cumulative base plus project (Alternative A) conditions 

indicates that four of the 14 analyzed intersections would operate at LOS E or F during 
one or more of the a.m. and p.m. peak hours, and at two intersections during the mid-
morning peak hour.  Thus, the project would contribute to three cumulative traffic 
impacts in the vicinity of the harbor. 

 
• Mitigation strategies were developed for 2030 conditions with the project to address 

identified deficiencies at the three study intersections with projected poor levels of 
service (LOS E or F).  Three of the locations where the project contributed to cumulative 
impacts would be fully mitigated (i.e., the recommended improvements would result in 
better levels of service than are projected under No Action conditions). 
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• Project fair-share contributions to the recommended cumulative mitigation measures 
were identified on the basis of the maximum proportion of project-related traffic in each 
of the analyzed peak hours, relative to the total projected traffic growth at each location. 
The identified contributions range from approximately 5% to 14%. 

 
• A project alternative scenario was also fully evaluated (Alternative B).  This involved a 

lower trip generation than the proposed project and a different configuration of the 
harbor to accommodate various shipping and tourism operations.  The analysis 
indicates that this project alternative would contribute to the same cumulative traffic 
impacts that occurred under the preferred project alternative, with the addition of a 
significant adverse effect in the mid-morning peak hour at Ka’ahumanu Avenue & 
Pu’unene Avenue.  Five of the 14 analyzed intersections would operate at LOS E or F 
during one or more of the a.m. and p.m. peak hours.  Mitigation strategies were 
developed for Alternative B with the project to address identified deficiencies at the four 
study intersections with projected poor levels of service (LOS E or F).  All four of the 
identified project-related deficiencies would be fully mitigated (i.e., the recommended 
improvements would result in better levels of service than projected under cumulative 
base conditions). 

 
• Project Alternative B fair-share contributions to the recommended cumulative mitigation 

measures were identified on the basis of the maximum proportion of project-related 
traffic in each of the analyzed peak hours, relative to the total projected traffic growth at 
each location. The identified contributions range from approximately 3% to 10%. 
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APPENDIX A 
 

INTERSECTION LANE CONFIGURATIONS 
 



 



Same As Existing

Same As Existing

Same As Existing

CONDITIONS
FUTURE

Stop Controlled

LEGEND

Ka'ahumanu Av
Papa Av/Wahine Pi'o &1.

Papa Av

EXISTING
CONDITIONS

Ka'ahumanu Av

Wahine Pi'o

Kahului Beach Rd

Ka'ahumanu Av

Ka'ahumanu Av

Kahului Beach Rd/Kane St

Pu'unene Av

Pu'unene Av/Mokulele Hwy

Pu'unene Av

Wakea Av

Dairy Rd

2. Kahului Beach Rd &
Wahine Pi'o

4.

3.

Ka'ahumanu Av
Pu'unene Av &

Kahului Beach Rd/Kane St &
Ka'ahumanu Av

6.

5.

Pu'unene Av/Mokulele Hwy &
Dairy Rd

Wakea Av
Pu'unene Av &

Dairy Rd

Hana Hwy7. Dairy Rd &
Hana Hwy

Same As Existing

Same As Existing

Same As Existing

WITH MITIGATION
FUTURE CONDITIONS

Same As Existing Same As Existing

Same As Existing Same As Existing

Same As Existing

Same As Existing

[a]

Pu'unene Av/Mokulele Hwy

Dairy Rd

Ka'ahumanu Av

Pu'unene Av

[a]   Mitigation necessary only with Alternative B.

Wahine Pi'o

INTERSECTION LANE CONFIGURATIONS



CONDITIONS
FUTUREEXISTING

CONDITIONS WITH MITIGATION
FUTURE CONDITIONS

Ka'ahumanu Av
Wharf St &14. Ka'ahumanu Av

Wharf St

Hobron Av &
Ka'ahumanu Av

Amala Pl
Hobron Av &

12.

13.

Hana Hwy
Hobron Av/Kamehameha Av &

Ka'ahumanu Av &
Ka'ahumanu Av/Hana Hwy

10.

11.

Hana Hwy
Haleakala Hwy &9.

Amala Pl

Ka'ahumanu Av

Hobron Av

Hobron Av

Pu'unene Av

Hobron Av/Kamehameha Av

Hana Hwy

Ka'ahumanu Av

Haleakala Hwy

Hana Hwy

Hanakai st

8. Haleakala Hwy/Hanakai St &
Hana Hwy

Same As Existing

Same As Existing

Same As Existing

Same As Existing

Same As Existing

Stop Controlled

LEGEND

Hana Hwy

Haleakala Hwy

Hana Hwy

Same As Existing

Hana Hwy

Hanakai st

Haleakala Hwy

FF

Same As Existing Same As Existing

Same As Existing Same As Existing

FF

Same As Existing

Same As Existing

Free-flowFF

combined in mitigation as a
Intersections 8 & 9 are

single, signalized Intersection
(Intersection 8)

INTERSECTION LANE CONFIGURATIONS
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INTERSECTION TRAFFIC COUNTS 
 

 
 
 
 
 
 
 



 



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI  

DATE: THURSDAY APRIL 19, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S PAPA AVENUE / WAHINE PI'O AVENUE

E/W KA'AHUMANU AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SORT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 2 31 9 5 241 5 16 28 82 53 143 8 623

715-730 4 40 16 7 258 9 26 39 97 56 164 12 728

730-745 5 42 15 13 293 11 14 45 95 65 166 7 771

745-800 3 35 20 16 305 10 16 33 91 46 190 12 777

800-815 5 23 7 9 288 4 14 35 91 44 192 15 727

815-830 2 20 11 14 285 9 19 29 81 53 195 15 733

830-845 6 31 12 5 257 5 12 25 49 33 192 14 641

845-900 3 28 9 18 274 8 6 17 51 17 184 14 629

900-915 5 19 10 13 255 6 16 21 50 39 176 19 629

915-930 10 25 6 9 251 4 7 19 35 31 178 9 584

930-945 5 17 11 16 239 5 10 25 40 46 194 2 610

945-1000 7 22 9 11 225 7 11 20 66 41 207 16 642

1000-1015 6 30 18 7 214 5 12 12 61 44 211 12 632

1015-1030 6 18 9 10 207 5 16 19 53 43 192 17 595

1030-1045 11 31 11 7 197 9 21 24 50 40 197 15 613

1045-1100 12 23 7 7 202 6 15 32 61 55 199 16 635

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SORT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 14 148 60 41 1097 35 72 145 365 220 663 39 2899

715-815 17 140 58 45 1144 34 70 152 374 211 712 46 3003

730-830 15 120 53 52 1171 34 63 142 358 208 743 49 3008

745-845 16 109 50 44 1135 28 61 122 312 176 769 56 2878

800-900 16 102 39 46 1104 26 51 106 272 147 763 58 2730

815-915 16 98 42 50 1071 28 53 92 231 142 747 62 2632

830-930 24 103 37 45 1037 23 41 82 185 120 730 56 2483

845-945 23 89 36 56 1019 23 39 82 176 133 732 44 2452

900-1000 27 83 36 49 970 22 44 85 191 157 755 46 2465

915-1015 28 94 44 43 929 21 40 76 202 162 790 39 2468

930-1030 24 87 47 44 885 22 49 76 220 174 804 47 2479

945-1045 30 101 47 35 843 26 60 75 230 168 807 60 2482

1000-1100 35 102 45 31 820 25 64 87 225 182 799 60 2475

AM PEAK HOUR

730-830 52

15 120 53 1171

34

49

KA'AHUMANU AVENUE 743 358 142 63

208

PAPA AVENUE / WAHINE PI'O AVENUE



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY APRIL 19, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S PAPA AVENUE / WAHINE PI'O AVENUE

E/W KA'AHUMANU AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 40 8 16 10 213 12 44 18 5 96 280 9 751

345-400 34 5 11 6 230 5 51 26 5 107 288 8 776

400-415 43 10 17 14 245 9 55 32 18 112 294 11 860

415-430 47 11 22 15 240 13 67 30 13 114 314 16 902

430-445 41 12 29 6 240 7 62 42 12 115 308 11 885

445-500 47 14 17 15 234 14 56 26 4 119 303 17 866

500-515 55 11 19 13 205 10 57 21 14 121 305 11 842

515-530 47 9 17 13 198 14 50 33 7 112 275 19 794

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 164 34 66 45 928 39 217 106 41 429 1176 44 3289

345-445 165 38 79 41 955 34 235 130 48 448 1204 46 3423

400-500 178 47 85 50 959 43 240 130 47 460 1219 55 3513

415-515 190 48 87 49 919 44 242 119 43 469 1230 55 3495

430-530 190 46 82 47 877 45 225 122 37 467 1191 58 3387

PM PEAK HOUR  

400-500 50

178 47 85 959

43

55

KA'AHUMANU AVENUE 1219 47 130 240

460

PAPA AVENUE / WAHINE PI'O AVENUE



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY APRIL 19, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S KAHULUI BEACH ROAD

E/W WAHINE PIO AVENUE/PAPA AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 52 224 0 0 0 0 0 178 14 3 0 31 502

715-730 55 233 0 0 0 0 0 197 19 1 0 49 554

730-745 51 235 0 0 0 0 0 204 25 1 0 58 574

745-800 58 244 0 0 0 0 0 227 30 8 0 57 624

800-815 49 246 0 0 0 0 0 213 27 1 0 51 587

815-830 52 273 0 0 0 0 0 218 36 6 0 43 628

830-845 42 261 0 0 0 0 0 214 38 4 0 25 584

845-900 48 249 0 0 0 0 0 210 37 7 0 27 578

900-915 39 248 0 0 0 0 0 203 25 8 0 34 557

915-930 38 215 0 0 0 0 0 203 25 7 0 34 522

930-945 38 228 0 0 0 0 0 186 36 12 0 37 537

945-1000 24 203 0 0 0 0 0 176 23 15 0 23 464

1000-1015 21 198 0 0 0 0 0 163 12 7 0 30 431

1015-1030 27 184 0 0 0 0 0 154 17 10 0 23 415

1030-1045 31 189 0 0 0 0 0 133 8 9 0 24 394

1045-1100 36 178 0 0 0 0 0 141 20 18 0 34 427

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 216 936 0 0 0 0 0 806 88 13 0 195 2254

715-815 213 958 0 0 0 0 0 841 101 11 0 215 2339

730-830 210 998 0 0 0 0 0 862 118 16 0 209 2413

745-845 201 1024 0 0 0 0 0 872 131 19 0 176 2423

800-900 191 1029 0 0 0 0 0 855 138 18 0 146 2377

815-915 181 1031 0 0 0 0 0 845 136 25 0 129 2347

830-930 167 973 0 0 0 0 0 830 125 26 0 120 2241

845-945 163 940 0 0 0 0 0 802 123 34 0 132 2194

900-1000 139 894 0 0 0 0 0 768 109 42 0 128 2080

915-1015 121 844 0 0 0 0 0 728 96 41 0 124 1954

930-1030 110 813 0 0 0 0 0 679 88 44 0 113 1847

945-1045 103 774 0 0 0 0 0 626 60 41 0 100 1704

1000-1100 115 749 0 0 0 0 0 591 57 44 0 111 1667

AM PEAK HOUR

745-845 0

201 1024 0 0

0

176

WAHINE PIO AVENUE/PAPA AVENUE 0 131 872 0

19

KAHULUI BEACH ROAD



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY APRIL 19, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S KAHULUI BEACH ROAD

E/W WAHINE PIO AVENUE/PAPA AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 44 295 0 0 0 0 0 326 16 14 0 51 746

345-400 59 314 0 0 0 0 0 320 13 13 0 45 764

400-415 63 316 0 0 0 0 0 343 6 18 0 55 801

415-430 55 297 0 0 0 0 0 312 19 22 0 58 763

430-445 56 273 0 0 0 0 0 331 16 17 0 51 744

445-500 64 291 0 0 0 0 0 324 16 26 0 51 772

500-515 58 251 0 0 0 0 0 304 14 26 0 55 708

515-530 59 249 0 0 0 0 0 315 28 17 0 54 722

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 221 1222 0 0 0 0 0 1301 54 67 0 209 3074

345-445 233 1200 0 0 0 0 0 1306 54 70 0 209 3072

400-500 238 1177 0 0 0 0 0 1310 57 83 0 215 3080

415-515 233 1112 0 0 0 0 0 1271 65 91 0 215 2987

430-530 237 1064 0 0 0 0 0 1274 74 86 0 211 2946

PM PEAK HOUR

400-500 0

238 1177 0 0

0

215

WAHINE PIO AVENUE/PAPA AVENUE 0 57 1310 0

83

KAHULUI BEACH ROAD



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: TUESDAY APRIL 17, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S KKAHULUI BEACH ROAD / KANE STREET

E/W KA'AHUMANU AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 23 33 219 191 188 3 4 29 8 17 160 6 881

715-730 28 37 214 229 192 4 3 39 16 20 178 10 970

730-745 34 30 228 271 189 7 3 31 7 20 177 17 1014

745-800 20 33 223 255 205 13 2 26 9 31 189 16 1022

800-815 26 30 220 250 211 10 1 30 9 21 198 15 1021

815-830 15 35 225 255 218 11 1 19 8 19 201 8 1015

830-845 17 33 209 244 222 11 2 22 13 15 195 10 993

845-900 24 28 201 226 229 11 2 16 7 16 194 11 965

900-915 31 28 209 199 238 4 4 9 4 13 183 15 937

915-930 22 27 186 176 205 10 1 10 7 15 177 7 843

930-945 14 30 193 182 175 23 1 15 9 12 167 10 831

945-1000 16 32 198 190 185 13 2 16 9 8 163 12 844

1000-1015 25 36 197 161 188 21 5 18 14 14 147 12 838

1015-1030 23 32 209 159 155 16 5 11 11 9 153 16 799

1030-1045 17 33 197 153 160 30 10 14 19 18 155 9 815

1045-1100 15 39 182 154 161 14 9 26 12 20 157 16 805

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 105 133 884 946 774 27 12 125 40 88 704 49 3887

715-815 108 130 885 1005 797 34 9 126 41 92 742 58 4027

730-830 95 128 896 1031 823 41 7 106 33 91 765 56 4072

745-845 78 131 877 1004 856 45 6 97 39 86 783 49 4051

800-900 82 126 855 975 880 43 6 87 37 71 788 44 3994

815-915 87 124 844 924 907 37 9 66 32 63 773 44 3910

830-930 94 116 805 845 894 36 9 57 31 59 749 43 3738

845-945 91 113 789 783 847 48 8 50 27 56 721 43 3576

900-1000 83 117 786 747 803 50 8 50 29 48 690 44 3455

915-1015 77 125 774 709 753 67 9 59 39 49 654 41 3356

930-1030 78 130 797 692 703 73 13 60 43 43 630 50 3312

945-1045 81 133 801 663 688 80 22 59 53 49 618 49 3296

1000-1100 80 140 785 627 664 81 29 69 56 61 612 53 3257

AM PEAK HOUR

730-830 1031

95 128 896 823

41

56

KA'AHUMANU AVENUE 765 33 106 7

91

KKAHULUI BEACH ROAD / KANE STREET



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: TUESDAY APRIL 17, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S KAHULUI BEACH ROAD / KANE STREET

E/W KA'AHUMANU AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 37 42 247 301 167 15 3 37 16 32 271 12 1180

345-400 35 43 242 293 147 20 10 33 12 30 265 15 1145

400-415 42 39 232 282 178 21 12 37 15 31 251 24 1164

415-430 34 38 230 301 170 17 11 40 19 31 268 14 1173

430-445 35 37 249 281 180 21 7 43 18 17 278 12 1178

445-500 36 36 243 297 163 13 5 28 14 21 263 19 1138

500-515 23 39 230 306 177 18 13 29 15 37 254 18 1159

515-530 43 28 235 271 152 22 6 34 17 45 256 24 1133

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 148 162 951 1177 662 73 36 147 62 124 1055 65 4662

345-445 146 157 953 1157 675 79 40 153 64 109 1062 65 4660

400-500 147 150 954 1161 691 72 35 148 66 100 1060 69 4653

415-515 128 150 952 1185 690 69 36 140 66 106 1063 63 4648

430-530 137 140 957 1155 672 74 31 134 64 120 1051 73 4608

PM PEAK HOUR

330-430 1177

148 162 951 662

73

65

KA'AHUMANU AVENUE 1055 62 147 36

124

KAHULUI BEACH ROAD / KANE STREET



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: TUESDAY APRIL 17, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S PU'UNENE ROAD

E/W KA'AHUMANU AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 5 6 3 2 301 10 6 3 68 112 225 9 750

715-730 2 0 0 1 326 6 2 2 119 124 263 6 851

730-745 3 2 2 2 334 5 8 1 120 138 277 7 899

745-800 7 3 2 9 329 10 9 2 119 149 282 13 934

800-815 4 4 3 2 349 16 3 3 125 145 292 8 954

815-830 9 5 9 6 328 14 13 11 120 140 274 12 941

830-845 3 7 10 2 322 19 8 6 119 147 260 6 909

845-900 3 12 10 9 322 13 13 13 108 146 247 14 910

900-915 4 8 6 3 325 10 8 13 116 133 203 16 845

915-930 18 16 13 11 303 15 17 18 117 135 224 21 908

930-945 4 7 3 10 309 12 7 8 102 123 219 13 817

945-1000 10 18 14 6 311 10 21 21 122 137 223 12 905

1000-1015 17 14 22 14 312 19 28 20 97 130 192 19 884

1015-1030 12 2 11 9 293 16 12 9 121 124 172 13 794

1030-1045 9 5 9 8 258 12 15 10 105 114 162 9 716

1045-1100 10 7 9 12 240 15 11 14 112 111 159 8 708

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 17 11 7 14 1290 31 25 8 426 523 1047 35 3434

715-815 16 9 7 14 1338 37 22 8 483 556 1114 34 3638

730-830 23 14 16 19 1340 45 33 17 484 572 1125 40 3728

745-845 23 19 24 19 1328 59 33 22 483 581 1108 39 3738

800-900 19 28 32 19 1321 62 37 33 472 578 1073 40 3714

815-915 19 32 35 20 1297 56 42 43 463 566 984 48 3605

830-930 28 43 39 25 1272 57 46 50 460 561 934 57 3572

845-945 29 43 32 33 1259 50 45 52 443 537 893 64 3480

900-1000 36 49 36 30 1248 47 53 60 457 528 869 62 3475

915-1015 49 55 52 41 1235 56 73 67 438 525 858 65 3514

930-1030 43 41 50 39 1225 57 68 58 442 514 806 57 3400

945-1045 48 39 56 37 1174 57 76 60 445 505 749 53 3299

1000-1100 48 28 51 43 1103 62 66 53 435 479 685 49 3102

AM PEAK HOUR

745-845 19

23 19 24 1328

59

39

KA'AHUMANU AVENUE 1108 483 22 33

581

PU'UNENE ROAD



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: TUESDAY APRIL 17, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S PU'UNENE ROAD

E/W KA'AHUMANU AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 11 14 14 12 269 11 38 32 162 131 309 16 1019

345-400 10 7 7 3 285 9 23 3 187 150 337 10 1031

400-415 7 9 9 1 280 9 13 3 192 147 347 7 1024

415-430 2 7 7 3 298 16 7 2 208 159 342 4 1055

430-445 2 5 5 1 273 4 4 2 206 174 348 3 1027

445-500 2 3 3 5 262 7 8 8 204 170 342 3 1017

500-515 6 2 3 3 234 12 8 3 199 162 340 8 980

515-530 3 2 4 3 224 15 3 2 198 128 334 4 920

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 30 37 37 19 1132 45 81 40 749 587 1335 37 4129

345-445 21 28 28 8 1136 38 47 10 793 630 1374 24 4137

400-500 13 24 24 10 1113 36 32 15 810 650 1379 17 4123

415-515 12 17 18 12 1067 39 27 15 817 665 1372 18 4079

430-530 13 12 15 12 993 38 23 15 807 634 1364 18 3944

PM PEAK HOUR

345-445 8

21 28 28 1136

38

24

KA'AHUMANU AVENUE 1374 793 10 47

630

PU'UNENE ROAD



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: WEDNESDAY APRIL 18, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S WAKEA AVENUE

E/W PU'UNENE ROAD / MOKULELO

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 14 71 14 12 52 24 21 70 25 33 64 10 410

715-730 14 74 30 18 74 17 25 117 35 29 78 16 527

730-745 19 96 29 15 78 26 19 118 35 50 85 20 590

745-800 18 106 25 23 72 22 36 114 56 31 99 12 614

800-815 23 120 22 33 67 28 45 117 35 53 75 13 631

815-830 21 115 26 25 60 19 15 115 41 45 78 9 569

830-845 11 111 18 23 69 21 25 119 33 40 74 13 557

845-900 14 112 19 30 74 25 33 118 43 58 71 11 608

900-915 15 126 27 50 55 28 26 98 32 44 58 13 572

915-930 22 130 22 37 55 21 28 112 26 32 50 17 552

930-945 13 128 35 32 63 28 20 103 33 37 62 17 571

945-1000 15 122 21 34 63 22 25 127 31 43 57 18 578

1000-1015 21 126 26 32 57 20 16 125 33 39 69 20 584

1015-1030 19 119 25 44 71 13 23 105 38 40 60 19 576

1030-1045 14 125 31 37 57 28 24 123 56 26 62 17 600

1045-1100 19 128 23 33 67 23 29 116 6 35 74 17 570

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 65 347 98 68 276 89 101 419 151 143 326 58 2141

715-815 74 396 106 89 291 93 125 466 161 163 337 61 2362

730-830 81 437 102 96 277 95 115 464 167 179 337 54 2404

745-845 73 452 91 104 268 90 121 465 165 169 326 47 2371

800-900 69 458 85 111 270 93 118 469 152 196 298 46 2365

815-915 61 464 90 128 258 93 99 450 149 187 281 46 2306

830-930 62 479 86 140 253 95 112 447 134 174 253 54 2289

845-945 64 496 103 149 247 102 107 431 134 171 241 58 2303

900-1000 65 506 105 153 236 99 99 440 122 156 227 65 2273

915-1015 71 506 104 135 238 91 89 467 123 151 238 72 2285

930-1030 68 495 107 142 254 83 84 460 135 159 248 74 2309

945-1045 69 492 103 147 248 83 88 480 158 148 248 74 2338

1000-1100 73 498 105 146 252 84 92 469 133 140 265 73 2330

AM PEAK HOUR

730-830 96

81 437 102 277

95

54

PU'UNENE ROAD / MOKULELO 337 167 464 115

179

WAKEA AVENUE



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: WEDNESDAY APRIL 18, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S WAKEA AVENUE

E/W PU'UNENE ROAD / MOKULELO

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 28 129 32 50 85 6 21 111 29 36 96 28 651

345-400 26 139 43 47 83 15 19 115 34 44 108 31 704

400-415 43 123 51 44 83 5 18 108 33 40 123 29 700

415-430 37 115 40 49 82 13 27 111 28 39 116 33 690

430-445 34 123 47 60 79 9 27 103 29 37 114 37 699

445-500 33 137 44 63 89 10 30 105 34 30 101 30 706

500-515 28 123 46 52 75 6 29 110 27 26 109 41 672

515-530 24 103 33 61 74 14 23 97 27 37 97 31 621

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 134 506 166 190 333 39 85 445 124 159 443 121 2745

345-445 140 500 181 200 327 42 91 437 124 160 461 130 2793

400-500 147 498 182 216 333 37 102 427 124 146 454 129 2795

415-515 132 498 177 224 325 38 113 429 118 132 440 141 2767

430-530 119 486 170 236 317 39 109 415 117 130 421 139 2698

PM PEAK HOUR

400-500 216

147 498 182 333

37

129

PU'UNENE ROAD / MOKULELO 454 124 427 102

146

WAKEA AVENUE



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: WEDNESDAY APRIL 18, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S PU'UENE ROAD / MOKULELE HIGHWAY

E/W DAIRY ROAD / KUIHELANI HIGHWAY

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 30 121 51 35 108 65 109 141 29 32 129 22 872

715-730 21 135 72 36 102 62 120 171 30 42 134 24 949

730-745 32 139 86 41 110 60 129 183 33 42 130 26 1011

745-800 26 162 76 55 138 66 116 190 45 36 133 31 1074

800-815 26 139 73 30 127 65 127 177 40 35 125 28 992

815-830 22 146 77 55 139 40 121 165 40 32 137 22 996

830-845 28 136 75 47 130 68 118 159 35 44 138 36 1014

845-900 16 143 86 44 126 68 127 162 46 37 136 36 1027

900-915 33 158 76 43 136 56 137 146 24 36 139 20 1004

915-930 21 152 75 38 118 61 126 149 26 22 146 24 958

930-945 16 154 77 29 130 52 127 168 33 22 135 21 964

945-1000 16 149 84 31 136 45 115 145 24 20 150 29 944

1000-1015 30 156 85 46 130 40 119 157 21 35 131 25 975

1015-1030 28 157 86 48 124 42 114 167 18 49 123 25 981

1030-1045 16 138 62 38 122 58 116 151 25 34 119 23 902

1045-1100 23 131 65 32 115 54 119 143 16 42 123 17 880

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 109 557 285 167 458 253 474 685 137 152 526 103 3906

715-815 105 575 307 162 477 253 492 721 148 155 522 109 4026

730-830 106 586 312 181 514 231 493 715 158 145 525 107 4073

745-845 102 583 301 187 534 239 482 691 160 147 533 117 4076

800-900 92 564 311 176 522 241 493 663 161 148 536 122 4029

815-915 99 583 314 189 531 232 503 632 145 149 550 114 4041

830-930 98 589 312 172 510 253 508 616 131 139 559 116 4003

845-945 86 607 314 154 510 237 517 625 129 117 556 101 3953

900-1000 86 613 312 141 520 214 505 608 107 100 570 94 3870

915-1015 83 611 321 144 514 198 487 619 104 99 562 99 3841

930-1030 90 616 332 154 520 179 475 637 96 126 539 100 3864

945-1045 90 600 317 163 512 185 464 620 88 138 523 102 3802

1000-1100 97 582 298 164 491 194 468 618 80 160 496 90 3738

AM PEAK HOUR

745-845 187

102 583 301 534

239

117

DAIRY ROAD / KUIHELANI HIGHWAY533 160 691 482

147

PU'UENE ROAD / MOKULELE HIGHWAY



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: WEDNESDAY APRIL 18, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S PU'UENE ROAD / MOKULELE HIGHWAY

E/W DAIRY ROAD / KUIHELANI HIGHWAY

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 29 115 99 45 163 106 2342 2634 2495 428 2204 412 11072

345-400 28 96 89 43 153 147 92 68 29 16 137 35 933

400-415 30 82 84 58 110 118 126 165 34 26 124 30 987

415-430 33 77 94 53 129 113 111 150 35 10 143 34 982

430-445 32 84 111 64 151 113 90 163 25 8 137 30 1008

445-500 39 120 74 39 142 175 126 161 25 24 147 33 1105

500-515 26 91 116 49 174 170 81 145 32 12 121 24 1041

515-530 28 122 132 30 155 194 104 177 21 14 147 50 1174

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 120 370 366 199 555 484 2671 3017 2593 480 2608 511 13974

345-445 123 339 378 218 543 491 419 546 123 60 541 129 3910

400-500 134 363 363 214 532 519 453 639 119 68 551 127 4082

415-515 130 372 395 205 596 571 408 619 117 54 548 121 4136

430-530 125 417 433 182 622 652 401 646 103 58 552 137 4328

PM PEAK HOUR

330-430 199

120 370 366 555

484

511

DAIRY ROAD / KUIHELANI HIGHWAY2608 2593 3017 2671

480

PU'UENE ROAD / MOKULELE HIGHWAY



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY APRIL 19, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S HANA HIGHWAY

E/W DAIRY ROAD

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 26 99 12 13 91 16 22 207 68 61 59 20 694

715-730 27 116 15 10 92 19 36 238 118 77 68 18 834

730-745 30 122 14 12 115 26 34 262 121 78 85 27 926

745-800 26 133 16 13 113 30 43 289 143 82 94 24 1006

800-815 26 136 13 18 123 48 47 304 140 108 101 34 1098

815-830 22 144 15 29 132 53 45 314 139 118 117 45 1173

830-845 28 139 22 27 139 45 54 303 140 120 114 45 1176

845-900 21 142 19 16 139 40 42 307 139 115 126 31 1137

900-915 28 140 21 23 128 37 42 303 135 138 126 26 1147

915-930 21 134 16 23 109 23 38 265 124 117 127 37 1034

930-945 21 137 12 18 110 23 32 234 127 105 133 37 989

945-1000 22 136 9 16 102 24 24 226 112 112 124 20 927

1000-1015 22 125 11 11 115 27 25 237 105 102 120 13 913

1015-1030 16 131 14 12 119 25 34 219 111 96 128 19 924

1030-1045 16 128 14 18 106 29 39 189 106 96 124 28 893

1045-1100 23 120 16 10 109 13 42 201 103 95 115 21 868

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 109 470 57 48 411 91 135 996 450 298 306 89 3460

715-815 109 507 58 53 443 123 160 1093 522 345 348 103 3864

730-830 104 535 58 72 483 157 169 1169 543 386 397 130 4203

745-845 102 552 66 87 507 176 189 1210 562 428 426 148 4453

800-900 97 561 69 90 533 186 188 1228 558 461 458 155 4584

815-915 99 565 77 95 538 175 183 1227 553 491 483 147 4633

830-930 98 555 78 89 515 145 176 1178 538 490 493 139 4494

845-945 91 553 68 80 486 123 154 1109 525 475 512 131 4307

900-1000 92 547 58 80 449 107 136 1028 498 472 510 120 4097

915-1015 86 532 48 68 436 97 119 962 468 436 504 107 3863

930-1030 81 529 46 57 446 99 115 916 455 415 505 89 3753

945-1045 76 520 48 57 442 105 122 871 434 406 496 80 3657

1000-1100 77 504 55 51 449 94 140 846 425 389 487 81 3598

AM PEAK HOUR

815-915 95

99 565 77 538

175

147

DAIRY ROAD 483 553 1227 183

491

HANA HIGHWAY



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY  APRIL 19, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S HANA HIGHWAY

E/W DAIRY ROAD

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 37 281 26 11 132 20 42 176 97 143 123 36 1124

345-400 43 298 26 16 146 27 35 188 119 170 142 32 1242

400-415 52 301 25 13 148 24 38 189 114 167 141 29 1241

415-430 55 294 32 21 145 30 33 201 105 166 143 30 1255

430-445 37 299 28 18 143 24 32 217 102 165 127 21 1213

445-500 36 303 22 12 135 20 30 214 92 160 127 31 1182

500-515 22 309 28 12 136 37 34 178 89 171 117 32 1165

515-530 25 303 31 10 122 26 27 162 79 163 119 32 1099

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 187 1174 109 61 571 101 148 754 435 646 549 127 4862

345-445 187 1192 111 68 582 105 138 795 440 668 553 112 4951

400-500 180 1197 107 64 571 98 133 821 413 658 538 111 4891

415-515 150 1205 110 63 559 111 129 810 388 662 514 114 4815

430-530 120 1214 109 52 536 107 123 771 362 659 490 116 4659

PM PEAK HOUR

345-445 68

187 1192 111 582

105

112

DAIRY ROAD 553 440 795 138

668

HANA HIGHWAY



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY  APRIL 19, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S HANA HIGHWAY

E/W HALEAKALA HIGHWAY / HANAKAI STREET

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 2 182 109 57 0 0 1 304 7 3 0 1 666

715-730 3 199 101 58 0 0 4 329 22 3 1 3 723

730-745 2 209 91 67 1 0 4 344 21 5 2 4 750

745-800 2 197 108 82 2 0 2 363 40 3 2 1 802

800-815 2 184 100 89 1 0 4 375 9 9 5 2 780

815-830 3 183 93 89 0 0 3 369 18 7 6 1 772

830-845 3 171 108 87 6 0 8 358 15 5 6 2 769

845-900 4 197 106 62 4 0 8 334 20 5 6 5 751

900-915 12 189 103 76 9 0 6 296 17 5 3 2 718

915-930 11 180 93 87 3 0 4 295 19 11 6 2 711

930-945 7 184 113 74 4 0 2 289 15 10 3 1 702

945-1000 9 174 104 64 3 1 5 286 17 7 4 0 674

1000-1015 13 187 93 75 4 1 6 275 19 11 12 2 698

1015-1030 14 198 91 74 3 0 10 282 14 10 4 0 700

1030-1045 9 181 81 57 0 0 3 256 20 7 9 5 628

1045-1100 13 200 95 66 4 0 14 254 21 6 10 3 686

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 9 787 409 264 3 0 11 1340 90 14 5 9 2941

715-815 9 789 400 296 4 0 14 1411 92 20 10 10 3055

730-830 9 773 392 327 4 0 13 1451 88 24 15 8 3104

745-845 10 735 409 347 9 0 17 1465 82 24 19 6 3123

800-900 12 735 407 327 11 0 23 1436 62 26 23 10 3072

815-915 22 740 410 314 19 0 25 1357 70 22 21 10 3010

830-930 30 737 410 312 22 0 26 1283 71 26 21 11 2949

845-945 34 750 415 299 20 0 20 1214 71 31 18 10 2882

900-1000 39 727 413 301 19 1 17 1166 68 33 16 5 2805

915-1015 40 725 403 300 14 2 17 1145 70 39 25 5 2785

930-1030 43 743 401 287 14 2 23 1132 65 38 23 3 2774

945-1045 45 740 369 270 10 2 24 1099 70 35 29 7 2700

1000-1100 49 766 360 272 11 1 33 1067 74 34 35 10 2712

AM PEAK HOUR

745-845 347

10 735 409 9

0

6

HALEAKALA HIGHWAY / HANAKAI STREET19 82 1465 17

24

HANA HIGHWAY



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY APRIL 19, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S HANA HIGHWAY

E/W HALEAKALA HIGHWAY / HANAKAI STREET

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 5 327 116 140 6 0 5 237 7 6 1 3 853

345-400 2 347 122 109 5 1 7 235 8 7 0 4 847

400-415 3 344 132 119 1 0 5 237 6 5 3 6 861

415-430 1 357 129 104 3 0 9 242 6 6 5 4 866

430-445 8 366 126 102 5 2 5 259 7 7 4 2 893

445-500 4 346 136 111 1 0 6 231 5 13 3 4 860

500-515 6 341 141 121 0 0 7 212 3 7 5 2 845

515-530 8 335 125 113 3 0 6 202 3 11 3 4 813

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 11 1375 499 472 15 1 26 951 27 24 9 17 3427

345-445 14 1414 509 434 14 3 26 973 27 25 12 16 3467

400-500 16 1413 523 436 10 2 25 969 24 31 15 16 3480

415-515 19 1410 532 438 9 2 27 944 21 33 17 12 3464

430-530 26 1388 528 447 9 2 24 904 18 38 15 12 3411

PM PEAK HOUR

400-500 436

16 1413 523 10

2

16

HALEAKALA HIGHWAY / HANAKAI STREET15 24 969 25

31

HANA HIGHWAY



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY APRIL 19, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S HANA HIGHWAY

E/W KAMEHAMEHA AVENUE / HOBRON AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 7 198 0 2 11 18 34 288 67 38 20 18 701

715-730 12 214 0 4 15 35 39 294 68 49 26 29 785

730-745 17 203 0 3 12 33 32 301 70 50 32 35 788

745-800 18 215 0 1 18 33 41 306 86 67 28 30 843

800-815 5 207 0 1 13 16 30 313 70 40 39 23 757

815-830 2 220 0 4 18 42 45 315 53 46 40 15 800

830-845 25 214 0 12 13 44 43 314 62 60 31 23 841

845-900 17 201 0 4 29 40 43 303 52 55 32 17 793

900-915 6 199 0 6 19 30 45 281 56 56 38 13 749

915-930 9 197 0 4 12 41 45 271 73 42 38 13 745

930-945 7 185 0 11 27 44 46 267 58 49 24 16 734

945-1000 8 187 0 7 29 47 44 276 78 60 31 14 781

1000-1015 12 196 0 4 24 43 44 251 72 73 34 11 764

1015-1030 17 183 0 8 23 32 32 249 57 78 26 14 719

1030-1045 9 164 0 3 27 37 36 229 65 41 32 10 653

1045-1100 20 168 0 9 30 45 33 227 64 58 33 12 699

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 54 830 0 10 56 119 146 1189 291 204 106 112 3117

715-815 52 839 0 9 58 117 142 1214 294 206 125 117 3173

730-830 42 845 0 9 61 124 148 1235 279 203 139 103 3188

745-845 50 856 0 18 62 135 159 1248 271 213 138 91 3241

800-900 49 842 0 21 73 142 161 1245 237 201 142 78 3191

815-915 50 834 0 26 79 156 176 1213 223 217 141 68 3183

830-930 57 811 0 26 73 155 176 1169 243 213 139 66 3128

845-945 39 782 0 25 87 155 179 1122 239 202 132 59 3021

900-1000 30 768 0 28 87 162 180 1095 265 207 131 56 3009

915-1015 36 765 0 26 92 175 179 1065 281 224 127 54 3024

930-1030 44 751 0 30 103 166 166 1043 265 260 115 55 2998

945-1045 46 730 0 22 103 159 156 1005 272 252 123 49 2917

1000-1100 58 711 0 24 104 157 145 956 258 250 125 47 2835

AM PEAK HOUR

745-845 18

50 856 0 62

135

91

KAMEHAMEHA AVENUE / HOBRON AVENUE138 271 1248 159

213

HANA HIGHWAY



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY APRIL 19, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S HANA HIGHWAY

E/W KAMEHAMEHA AVENUE / HOBRON AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 17 319 0 8 33 56 48 229 95 107 45 18 975

345-400 9 326 0 12 35 59 42 228 74 112 45 16 958

400-415 23 334 0 7 38 49 38 249 85 114 36 23 996

415-430 17 329 0 5 27 42 44 237 81 125 43 27 977

430-445 12 306 0 8 23 39 43 226 88 123 55 37 960

445-500 12 317 0 6 39 42 37 221 77 136 42 30 959

500-515 6 310 0 5 27 54 31 228 53 110 45 24 893

515-530 16 305 0 11 21 42 26 229 61 106 35 11 863

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 66 1308 0 32 133 206 172 943 335 458 169 84 3906

345-445 61 1295 0 32 123 189 167 940 328 474 179 103 3891

400-500 64 1286 0 26 127 172 162 933 331 498 176 117 3892

415-515 47 1262 0 24 116 177 155 912 299 494 185 118 3789

430-530 46 1238 0 30 110 177 137 904 279 475 177 102 3675

PM PEAK HOUR

330-430 32

66 1308 0 133

206

84

KAMEHAMEHA AVENUE / HOBRON AVENUE169 335 943 172

458

HANA HIGHWAY



WILTEC Phone: (626) 564-1944     Fax: (626) 564-0969

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY APRIL 19, 2007

PERIOD: 7:00 AM TO 11:00 AM

INTERSECTION: N/S HANA HIGHWAY

E/W KA'AHUMANU AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-715 0 0 0 0 22 0 0 0 295 197 31 0 545

715-730 0 0 0 0 17 0 1 0 329 203 31 0 581

730-745 0 0 0 0 25 0 3 0 338 211 37 0 614

745-800 0 0 0 0 22 0 0 0 314 223 32 0 591

800-815 0 0 0 0 28 0 4 0 324 221 36 0 613

815-830 0 0 0 0 31 0 3 0 325 221 34 0 614

830-845 0 0 0 0 40 0 1 0 331 225 34 0 631

845-900 0 0 0 0 29 0 3 0 311 217 43 0 603

900-915 0 0 0 0 30 0 3 0 326 207 52 0 618

915-930 0 0 0 0 30 0 1 0 276 218 34 0 559

930-945 0 0 0 0 46 0 2 0 294 211 43 0 596

945-1000 0 0 0 0 27 0 4 0 275 194 34 0 534

1000-1015 0 0 0 0 38 0 7 0 280 221 39 0 585

1015-1030 0 0 0 0 26 0 1 0 266 209 36 0 538

1030-1045 0 0 0 0 32 0 4 0 249 206 32 0 523

1045-1100 0 0 0 0 47 0 3 0 242 194 38 0 524

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

TIME SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

700-800 0 0 0 0 86 0 4 0 1276 834 131 0 2331

715-815 0 0 0 0 92 0 8 0 1305 858 136 0 2399

730-830 0 0 0 0 106 0 10 0 1301 876 139 0 2432

745-845 0 0 0 0 121 0 8 0 1294 890 136 0 2449

800-900 0 0 0 0 128 0 11 0 1291 884 147 0 2461

815-915 0 0 0 0 130 0 10 0 1293 870 163 0 2466

830-930 0 0 0 0 129 0 8 0 1244 867 163 0 2411

845-945 0 0 0 0 135 0 9 0 1207 853 172 0 2376

900-1000 0 0 0 0 133 0 10 0 1171 830 163 0 2307

915-1015 0 0 0 0 141 0 14 0 1125 844 150 0 2274

930-1030 0 0 0 0 137 0 14 0 1115 835 152 0 2253

945-1045 0 0 0 0 123 0 16 0 1070 830 141 0 2180

1000-1100 0 0 0 0 143 0 15 0 1037 830 145 0 2170

AM PEAK HOUR

815-915 0

0 0 0 130

0

0

KA'AHUMANU AVENUE 163 1293 0 10

870

HANA HIGHWAY



WILTEC Phone: (925) 706-9911     Fax: (925) 706-9914

INTERSECTION TURNING MOVEMENT COUNT SUMMARY

CLIENT: FEHR & PEERS / KAKU ASSOCIATES

PROJECT: KAHULUI

DATE: THURSDAY APRIL 19, 2007

PERIOD: 3:30 PM TO 5:30 PM

INTERSECTION: N/S HANA HIGHWAY

E/W KA'AHUMANU AVENUE

CITY: KAHULUI, HAWAII

15 MIN COUNTS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-345 0 0 0 0 41 0 2 0 285 327 21 0 676

345-400 0 0 0 0 43 0 1 0 281 334 30 0 689

400-415 0 0 0 0 40 0 2 0 276 344 29 0 691

415-430 0 0 0 0 31 0 3 0 273 351 23 0 681

430-445 0 0 0 0 40 0 4 0 257 340 23 0 664

445-500 0 0 0 0 57 0 2 0 251 324 20 0 654

500-515 0 0 0 0 46 0 2 0 258 301 22 0 629

515-530 0 0 0 0 40 0 3 0 254 313 17 0 627

HOUR TOTALS

1 2 3 4 5 6 7 8 9 10 11 12

PERIOD SBRT SBTH SBLT WBRT WBTH WBLT NBRT NBTH NBLT EBRT EBTH EBLT TOTAL

330-430 0 0 0 0 155 0 8 0 1115 1356 103 0 2737

345-445 0 0 0 0 154 0 10 0 1087 1369 105 0 2725

400-500 0 0 0 0 168 0 11 0 1057 1359 95 0 2690

415-515 0 0 0 0 174 0 11 0 1039 1316 88 0 2628

430-530 0 0 0 0 183 0 11 0 1020 1278 82 0 2574

PM PEAK HOUR

330-430 0

0 0 0 155

0

0

KA'AHUMANU AVENUE 103 1115 0 8

1356

HANA HIGHWAY



  

 
 
 
 
 
 
 
 

APPENDIX C 
 

INTERSECTION LEVEL OF SERVICE WORKSHEETS 



 



  

 
 
 
 
 

 
 
 
 
 
 

EXISTING CONDITIONS 



 



Kahului Harbor Master Plan 2007 Baseline - AM
1: Ka'ahumanu Av & Wahine P'io Av

7/17/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1731 1583 1770 1833
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1731 1583 1770 1833

Volume (vph) 49 743 208 34 1171 52 358 142 63 53 120 15
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 51 766 214 35 1207 54 369 146 65 55 124 15
RTOR Reduction (vph) 0 0 120 0 0 30 0 0 52 0 5 0
Lane Group Flow (vph) 51 766 94 35 1207 24 251 264 13 55 134 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 2.4 32.9 32.9 2.9 33.4 33.4 15.3 15.3 15.3 7.5 7.5
Effective Green, g (s) 2.4 32.9 32.9 2.9 33.4 33.4 15.3 15.3 15.3 7.5 7.5
Actuated g/C Ratio 0.03 0.44 0.44 0.04 0.45 0.45 0.21 0.21 0.21 0.10 0.10
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 57 1561 698 69 1584 709 345 355 325 178 184
v/s Ratio Prot c0.03 0.22 0.02 c0.34 0.15 c0.15 0.03 c0.07
v/s Ratio Perm 0.06 0.02 0.01
v/c Ratio 0.89 0.49 0.14 0.51 0.76 0.03 0.73 0.74 0.04 0.31 0.73
Uniform Delay, d1 36.0 14.9 12.4 35.1 17.3 11.6 27.7 27.8 23.8 31.1 32.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 81.4 0.2 0.1 5.8 2.2 0.0 7.5 8.2 0.1 1.0 13.3
Delay (s) 117.4 15.1 12.5 40.9 19.5 11.6 35.2 36.0 23.8 32.1 45.8
Level of Service F B B D B B D D C C D
Approach Delay (s) 19.6 19.7 34.3 42.0
Approach LOS B B C D

Intersection Summary

HCM Average Control Delay 23.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 74.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 69.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2007 Baseline - MID-AM
1: Ka'ahumanu Av & Wahine P'io Av

7/13/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1726 1583 1770 1802
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1726 1583 1770 1802

Volume (vph) 47 875 174 38 950 44 220 76 67 47 87 24
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 48 902 179 39 979 45 227 78 69 48 90 25
RTOR Reduction (vph) 0 0 92 0 0 23 0 0 60 0 12 0
Lane Group Flow (vph) 48 902 87 39 979 22 149 156 9 48 103 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 4.2 36.7 36.7 4.2 36.7 36.7 10.4 10.4 10.4 8.4 8.4
Effective Green, g (s) 4.2 36.7 36.7 4.2 36.7 36.7 10.4 10.4 10.4 8.4 8.4
Actuated g/C Ratio 0.06 0.48 0.48 0.06 0.48 0.48 0.14 0.14 0.14 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 98 1716 767 98 1716 767 231 237 217 196 200
v/s Ratio Prot c0.03 0.25 0.02 c0.28 0.09 c0.09 0.03 c0.06
v/s Ratio Perm 0.05 0.01 0.01
v/c Ratio 0.49 0.53 0.11 0.40 0.57 0.03 0.65 0.66 0.04 0.24 0.52
Uniform Delay, d1 34.7 13.5 10.6 34.5 13.9 10.2 30.9 31.0 28.3 30.8 31.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.8 0.3 0.1 2.6 0.5 0.0 6.1 6.5 0.1 0.7 2.3
Delay (s) 38.5 13.8 10.7 37.2 14.3 10.2 37.0 37.4 28.4 31.4 34.0
Level of Service D B B D B B D D C C C
Approach Delay (s) 14.3 15.0 35.6 33.2
Approach LOS B B D C

Intersection Summary

HCM Average Control Delay 18.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 75.7 Sum of lost time (s) 16.0
Intersection Capacity Utilization 54.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2007 Baseline - PM
1: Ka'ahumanu Av & Wahine P'io Av

7/17/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1770 1583 1770 1641
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1770 1583 1770 1641

Volume (vph) 55 1219 460 43 959 50 47 130 240 85 47 178
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 57 1257 474 44 989 52 48 134 247 88 48 184
RTOR Reduction (vph) 0 0 238 0 0 27 0 0 187 0 159 0
Lane Group Flow (vph) 57 1257 236 44 989 25 48 134 60 88 73 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 3.5 36.3 36.3 2.5 35.3 35.3 10.8 10.8 10.8 7.3 7.3
Effective Green, g (s) 3.5 36.3 36.3 2.5 35.3 35.3 10.8 10.8 10.8 7.3 7.3
Actuated g/C Ratio 0.05 0.50 0.50 0.03 0.48 0.48 0.15 0.15 0.15 0.10 0.10
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 85 1762 788 61 1714 767 249 262 235 177 164
v/s Ratio Prot c0.03 c0.36 0.02 0.28 0.03 c0.08 c0.05 0.04
v/s Ratio Perm 0.15 0.02 0.04
v/c Ratio 0.67 0.71 0.30 0.72 0.58 0.03 0.19 0.51 0.26 0.50 0.44
Uniform Delay, d1 34.1 14.2 10.8 34.9 13.5 9.9 27.2 28.6 27.5 31.1 30.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 18.8 1.4 0.2 34.1 0.5 0.0 0.4 1.7 0.6 2.2 1.9
Delay (s) 53.0 15.6 11.0 69.0 13.9 9.9 27.6 30.3 28.1 33.3 32.8
Level of Service D B B E B A C C C C C
Approach Delay (s) 15.6 16.0 28.7 32.9
Approach LOS B B C C

Intersection Summary

HCM Average Control Delay 18.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.61
Actuated Cycle Length (s) 72.9 Sum of lost time (s) 12.0
Intersection Capacity Utilization 72.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2007 Baseline - AM
2: Wahine P'io Av & Kahului Beach Rd

7/17/2007 Synchro 6 Report
Page 2

Fehr & Peers Associates, Inc.

Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 176 19 131 872 1024 201
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 183 20 136 908 1067 209
RTOR Reduction (vph) 0 17 0 0 0 99
Lane Group Flow (vph) 183 3 136 908 1067 110

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 10.4 10.4 9.0 47.8 34.8 34.8
Effective Green, g (s) 10.4 10.4 9.0 47.8 34.8 34.8
Actuated g/C Ratio 0.16 0.16 0.14 0.72 0.53 0.53
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 278 249 241 2555 1860 832
v/s Ratio Prot c0.10 c0.08 0.26 c0.30
v/s Ratio Perm 0.00 0.07
v/c Ratio 0.66 0.01 0.56 0.36 0.57 0.13
Uniform Delay, d1 26.2 23.6 26.8 3.4 10.7 8.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.5 0.0 3.0 0.1 0.4 0.1
Delay (s) 31.8 23.6 29.8 3.5 11.1 8.1
Level of Service C C C A B A
Approach Delay (s) 31.0 6.9 10.6
Approach LOS C A B

Intersection Summary

HCM Average Control Delay 10.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 66.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 55.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2007 Baseline - MID-AM
2: Wahine P'io Av & Kahului Beach Rd

7/13/2007 Synchro 6 Report
Page 2

Fehr & Peers Associates, Inc.

Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 113 44 88 771 892 110
Peak-hour factor, PHF 0.86 0.86 0.86 0.86 0.86 0.86
Adj. Flow (vph) 131 51 102 897 1037 128
RTOR Reduction (vph) 0 44 0 0 0 55
Lane Group Flow (vph) 131 7 102 897 1037 73

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 9.1 9.1 6.1 45.9 35.8 35.8
Effective Green, g (s) 9.1 9.1 6.1 45.9 35.8 35.8
Actuated g/C Ratio 0.14 0.14 0.10 0.73 0.57 0.57
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 256 229 171 2578 2011 900
v/s Ratio Prot c0.07 c0.06 0.25 c0.29
v/s Ratio Perm 0.00 0.05
v/c Ratio 0.51 0.03 0.60 0.35 0.52 0.08
Uniform Delay, d1 24.9 23.2 27.3 3.1 8.3 6.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.7 0.1 5.5 0.1 0.2 0.0
Delay (s) 26.6 23.2 32.8 3.2 8.5 6.2
Level of Service C C C A A A
Approach Delay (s) 25.7 6.2 8.3
Approach LOS C A A

Intersection Summary

HCM Average Control Delay 8.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 63.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 45.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 215 83 57 1310 1177 238
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 224 86 59 1365 1226 248
RTOR Reduction (vph) 0 69 0 0 0 113
Lane Group Flow (vph) 224 17 59 1365 1226 135

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 13.4 13.4 4.7 44.5 35.8 35.8
Effective Green, g (s) 13.4 13.4 4.7 44.5 35.8 35.8
Actuated g/C Ratio 0.20 0.20 0.07 0.68 0.54 0.54
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 360 322 126 2390 1923 860
v/s Ratio Prot c0.13 0.03 c0.39 c0.35
v/s Ratio Perm 0.01 0.09
v/c Ratio 0.62 0.05 0.47 0.57 0.64 0.16
Uniform Delay, d1 23.9 21.1 29.4 5.7 10.5 7.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.3 0.1 2.7 0.3 0.7 0.1
Delay (s) 27.3 21.2 32.1 6.0 11.2 7.6
Level of Service C C C A B A
Approach Delay (s) 25.6 7.1 10.6
Approach LOS C A B

Intersection Summary

HCM Average Control Delay 10.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 65.9 Sum of lost time (s) 12.0
Intersection Capacity Utilization 57.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1705 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1705 1583

Volume (vph) 56 765 91 41 823 1031 33 106 7 896 128 95
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 56 765 91 41 823 1031 33 106 7 896 128 95
RTOR Reduction (vph) 0 0 62 0 0 0 0 0 6 0 0 60
Lane Group Flow (vph) 56 765 29 41 823 1031 33 106 1 499 525 35

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 3.5 24.1 24.1 2.0 22.6 75.6 5.5 5.5 5.5 28.0 28.0 28.0
Effective Green, g (s) 3.5 24.1 24.1 2.0 22.6 75.6 5.5 5.5 5.5 28.0 28.0 28.0
Actuated g/C Ratio 0.05 0.32 0.32 0.03 0.30 1.00 0.07 0.07 0.07 0.37 0.37 0.37
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 82 1128 505 47 1058 1583 129 136 115 623 631 586
v/s Ratio Prot 0.03 0.22 0.02 c0.23 0.02 0.06 0.30 c0.31
v/s Ratio Perm 0.02 c0.65 0.00 0.02
v/c Ratio 0.68 0.68 0.06 0.87 0.78 0.65 0.26 0.78 0.00 0.80 0.83 0.06
Uniform Delay, d1 35.5 22.4 17.9 36.7 24.2 0.0 33.1 34.5 32.5 21.3 21.7 15.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 20.9 1.6 0.0 84.1 3.7 2.1 1.1 24.0 0.0 7.3 9.2 0.0
Delay (s) 56.4 24.0 17.9 120.8 27.9 2.1 34.2 58.5 32.5 28.6 30.8 15.4
Level of Service E C B F C A C E C C C B
Approach Delay (s) 25.4 15.9 51.7 28.5
Approach LOS C B D C

Intersection Summary

HCM Average Control Delay 22.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 75.6 Sum of lost time (s) 8.0
Intersection Capacity Utilization 70.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2007 Baseline - MID-AM
3: Ka'ahumanu Av & Kahului Beach Rd

7/13/2007 Synchro 6 Report
Page 3

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1706 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1706 1583

Volume (vph) 50 719 43 73 784 784 43 60 13 876 130 78
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 51 734 44 74 800 800 44 61 13 894 133 80
RTOR Reduction (vph) 0 0 32 0 0 0 0 0 12 0 0 49
Lane Group Flow (vph) 51 734 12 74 800 800 44 61 1 500 527 31

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 2.8 20.1 20.1 4.8 22.1 73.0 4.2 4.2 4.2 27.9 27.9 27.9
Effective Green, g (s) 2.8 20.1 20.1 4.8 22.1 73.0 4.2 4.2 4.2 27.9 27.9 27.9
Actuated g/C Ratio 0.04 0.28 0.28 0.07 0.30 1.00 0.06 0.06 0.06 0.38 0.38 0.38
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 68 974 436 116 1071 1583 102 107 91 642 652 605
v/s Ratio Prot 0.03 0.21 0.04 c0.23 0.02 0.03 0.30 c0.31
v/s Ratio Perm 0.01 c0.51 0.00 0.02
v/c Ratio 0.75 0.75 0.03 0.64 0.75 0.51 0.43 0.57 0.01 0.78 0.81 0.05
Uniform Delay, d1 34.8 24.2 19.3 33.3 22.9 0.0 33.2 33.5 32.4 19.8 20.2 14.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 36.6 3.3 0.0 11.0 2.9 1.2 2.9 7.1 0.0 5.9 7.3 0.0
Delay (s) 71.3 27.5 19.3 44.2 25.8 1.2 36.2 40.7 32.5 25.8 27.5 14.2
Level of Service E C B D C A D D C C C B
Approach Delay (s) 29.8 14.8 38.1 25.7
Approach LOS C B D C

Intersection Summary

HCM Average Control Delay 22.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 73.0 Sum of lost time (s) 4.0
Intersection Capacity Utilization 69.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.97 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1708 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.97 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1708 1583

Volume (vph) 65 1055 124 73 662 1177 62 147 36 951 162 148
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 66 1066 125 74 669 1189 63 148 36 961 164 149
RTOR Reduction (vph) 0 0 88 0 0 0 0 0 31 0 0 99
Lane Group Flow (vph) 66 1066 37 74 669 1189 63 148 5 548 577 50

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 4.7 25.8 25.8 4.0 25.1 86.6 11.8 11.8 11.8 29.0 29.0 29.0
Effective Green, g (s) 4.7 25.8 25.8 4.0 25.1 86.6 11.8 11.8 11.8 29.0 29.0 29.0
Actuated g/C Ratio 0.05 0.30 0.30 0.05 0.29 1.00 0.14 0.14 0.14 0.33 0.33 0.33
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 96 1054 472 82 1026 1583 241 254 216 563 572 530
v/s Ratio Prot 0.04 c0.30 0.04 0.19 0.04 0.08 0.33 c0.34
v/s Ratio Perm 0.02 c0.75 0.00 0.03
v/c Ratio 0.69 1.01 0.08 0.90 0.65 0.75 0.26 0.58 0.02 0.97 1.01 0.09
Uniform Delay, d1 40.2 30.4 21.9 41.1 26.9 0.0 33.5 35.1 32.4 28.4 28.8 19.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 18.5 30.6 0.1 67.3 1.5 3.3 0.6 3.4 0.0 31.0 39.8 0.1
Delay (s) 58.7 61.0 21.9 108.4 28.4 3.3 34.1 38.5 32.4 59.4 68.6 19.9
Level of Service E E C F C A C D C E E B
Approach Delay (s) 57.0 16.0 36.5 59.0
Approach LOS E B D E

Intersection Summary

HCM Average Control Delay 39.6 HCM Level of Service D
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 86.6 Sum of lost time (s) 4.0
Intersection Capacity Utilization 84.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.96 0.97 1.00
Satd. Flow (prot) 1770 4823 1770 5075 1681 1670 1812 1583
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.96 0.97 1.00
Satd. Flow (perm) 1770 4823 1770 5075 1681 1670 1812 1583

Volume (vph) 39 1108 581 59 1328 19 483 22 33 24 19 23
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 40 1131 593 60 1355 19 493 22 34 24 19 23
RTOR Reduction (vph) 0 97 0 0 2 0 0 6 0 0 0 22
Lane Group Flow (vph) 40 1627 0 60 1372 0 279 264 0 0 43 1

Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 2
Actuated Green, G (s) 2.8 33.0 3.2 33.4 16.2 16.2 2.3 2.3
Effective Green, g (s) 2.8 33.0 3.2 33.4 16.2 16.2 2.3 2.3
Actuated g/C Ratio 0.04 0.47 0.05 0.47 0.23 0.23 0.03 0.03
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 70 2251 80 2398 385 383 59 51
v/s Ratio Prot 0.02 c0.34 c0.03 0.27 c0.17 0.16 c0.02
v/s Ratio Perm 0.00
v/c Ratio 0.57 0.72 0.75 0.57 0.72 0.69 0.73 0.01
Uniform Delay, d1 33.4 15.2 33.4 13.5 25.2 24.9 33.9 33.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 10.8 1.2 32.0 0.3 6.6 5.1 36.0 0.1
Delay (s) 44.1 16.3 65.4 13.8 31.8 30.0 69.9 33.2
Level of Service D B E B C C E C
Approach Delay (s) 17.0 16.0 30.9 57.1
Approach LOS B B C E

Intersection Summary

HCM Average Control Delay 19.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 70.7 Sum of lost time (s) 16.0
Intersection Capacity Utilization 69.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.94 1.00 0.99 1.00 0.97 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.98 0.97 1.00
Satd. Flow (prot) 1770 4788 1770 5010 1681 1679 1808 1583
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.98 0.97 1.00
Satd. Flow (perm) 1770 4788 1770 5010 1681 1679 1808 1583

Volume (vph) 224 806 514 70 1261 137 442 120 68 142 91 179
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 238 857 547 74 1341 146 470 128 72 151 97 190
RTOR Reduction (vph) 0 123 0 0 14 0 0 11 0 0 0 162
Lane Group Flow (vph) 238 1281 0 74 1473 0 331 328 0 0 248 28

Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 2
Actuated Green, G (s) 13.0 36.1 4.7 27.8 19.9 19.9 13.0 13.0
Effective Green, g (s) 13.0 36.1 4.7 27.8 19.9 19.9 13.0 13.0
Actuated g/C Ratio 0.14 0.40 0.05 0.31 0.22 0.22 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 257 1927 93 1553 373 372 262 229
v/s Ratio Prot c0.13 0.27 0.04 c0.29 c0.20 0.20 c0.14
v/s Ratio Perm 0.02
v/c Ratio 0.93 0.66 0.80 0.95 0.89 0.88 0.95 0.12
Uniform Delay, d1 37.9 21.9 42.0 30.2 33.8 33.8 38.0 33.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 36.5 0.9 36.1 12.5 21.6 21.0 40.8 0.2
Delay (s) 74.4 22.7 78.1 42.7 55.4 54.7 78.8 33.6
Level of Service E C E D E D E C
Approach Delay (s) 30.2 44.4 55.0 59.2
Approach LOS C D E E

Intersection Summary

HCM Average Control Delay 42.2 HCM Level of Service D
HCM Volume to Capacity ratio 0.93
Actuated Cycle Length (s) 89.7 Sum of lost time (s) 16.0
Intersection Capacity Utilization 83.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.96 0.98 1.00
Satd. Flow (prot) 1770 4845 1770 5080 1681 1667 1817 1583
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.96 0.98 1.00
Satd. Flow (perm) 1770 4845 1770 5080 1681 1667 1817 1583

Volume (vph) 24 1374 630 38 1136 8 793 10 47 28 28 21
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 24 1402 643 39 1159 8 809 10 48 29 29 21
RTOR Reduction (vph) 0 88 0 0 1 0 0 6 0 0 0 20
Lane Group Flow (vph) 24 1957 0 39 1166 0 449 412 0 0 58 1

Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 2
Actuated Green, G (s) 1.7 36.7 2.1 37.1 24.0 24.0 2.9 2.9
Effective Green, g (s) 1.7 36.7 2.1 37.1 24.0 24.0 2.9 2.9
Actuated g/C Ratio 0.02 0.45 0.03 0.45 0.29 0.29 0.04 0.04
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 37 2176 45 2307 494 490 64 56
v/s Ratio Prot 0.01 c0.40 c0.02 0.23 c0.27 0.25 c0.03
v/s Ratio Perm 0.00
v/c Ratio 0.65 0.90 0.87 0.51 0.91 0.84 0.91 0.01
Uniform Delay, d1 39.7 20.8 39.7 15.8 27.8 27.1 39.3 38.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 33.0 5.4 84.0 0.2 20.4 12.4 79.3 0.1
Delay (s) 72.7 26.2 123.7 16.0 48.2 39.4 118.6 38.1
Level of Service E C F B D D F D
Approach Delay (s) 26.8 19.5 44.0 97.2
Approach LOS C B D F

Intersection Summary

HCM Average Control Delay 29.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 81.7 Sum of lost time (s) 16.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3456
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3456

Volume (vph) 54 337 179 95 277 96 167 464 115 102 437 81
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 57 355 188 100 292 101 176 488 121 107 460 85
RTOR Reduction (vph) 0 0 140 0 0 71 0 0 79 0 15 0
Lane Group Flow (vph) 57 355 48 100 292 30 176 488 42 107 530 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 3.6 19.5 19.5 7.1 23.0 23.0 9.9 26.3 26.3 7.5 23.9
Effective Green, g (s) 3.6 19.5 19.5 7.1 23.0 23.0 9.9 26.3 26.3 7.5 23.9
Actuated g/C Ratio 0.05 0.26 0.26 0.09 0.30 0.30 0.13 0.34 0.34 0.10 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 83 476 404 164 561 477 229 1218 545 174 1081
v/s Ratio Prot 0.03 c0.19 c0.06 c0.16 c0.10 0.14 0.06 c0.15
v/s Ratio Perm 0.03 0.02 0.03
v/c Ratio 0.69 0.75 0.12 0.61 0.52 0.06 0.77 0.40 0.08 0.61 0.49
Uniform Delay, d1 35.8 26.2 21.9 33.3 22.1 19.0 32.1 19.1 16.9 33.1 21.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 21.0 6.3 0.1 6.3 0.9 0.1 14.3 1.0 0.3 6.3 1.6
Delay (s) 56.9 32.4 22.0 39.6 23.0 19.1 46.5 20.0 17.1 39.4 22.9
Level of Service E C C D C B D C B D C
Approach Delay (s) 31.5 25.6 25.5 25.6
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 27.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 76.4 Sum of lost time (s) 20.0
Intersection Capacity Utilization 60.2% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3481
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3481

Volume (vph) 74 248 159 83 254 142 135 522 84 107 558 68
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 75 251 161 84 257 143 136 527 85 108 564 69
RTOR Reduction (vph) 0 0 130 0 0 115 0 0 51 0 9 0
Lane Group Flow (vph) 75 251 31 84 257 28 136 527 34 108 624 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 6.8 14.7 14.7 7.0 14.9 14.9 8.9 30.5 30.5 8.1 29.7
Effective Green, g (s) 6.8 14.7 14.7 7.0 14.9 14.9 8.9 30.5 30.5 8.1 29.7
Actuated g/C Ratio 0.09 0.19 0.19 0.09 0.20 0.20 0.12 0.40 0.40 0.11 0.39
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 158 359 305 162 364 309 206 1415 633 188 1355
v/s Ratio Prot 0.04 0.13 c0.05 c0.14 c0.08 0.15 0.06 c0.18
v/s Ratio Perm 0.02 0.02 0.02
v/c Ratio 0.47 0.70 0.10 0.52 0.71 0.09 0.66 0.37 0.05 0.57 0.46
Uniform Delay, d1 33.1 28.7 25.4 33.0 28.7 25.1 32.3 16.2 14.0 32.5 17.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.2 5.9 0.1 2.8 6.1 0.1 7.7 0.8 0.2 4.2 1.1
Delay (s) 35.3 34.6 25.5 35.8 34.8 25.3 39.9 16.9 14.2 36.7 18.5
Level of Service D C C D C C D B B D B
Approach Delay (s) 31.7 32.2 20.8 21.1
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 25.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 76.3 Sum of lost time (s) 12.0
Intersection Capacity Utilization 56.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3419
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3419

Volume (vph) 129 454 146 37 333 216 124 427 102 182 498 147
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 130 459 147 37 336 218 125 431 103 184 503 148
RTOR Reduction (vph) 0 0 100 0 0 164 0 0 71 0 28 0
Lane Group Flow (vph) 130 459 47 37 336 54 125 431 32 184 623 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 8.1 25.2 25.2 2.6 19.7 19.7 7.6 25.0 25.0 10.6 28.0
Effective Green, g (s) 8.1 25.2 25.2 2.6 19.7 19.7 7.6 25.0 25.0 10.6 28.0
Actuated g/C Ratio 0.10 0.32 0.32 0.03 0.25 0.25 0.10 0.31 0.31 0.13 0.35
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 181 591 502 58 462 393 169 1114 498 236 1206
v/s Ratio Prot c0.07 c0.25 0.02 0.18 0.07 0.12 c0.10 c0.18
v/s Ratio Perm 0.03 0.03 0.02
v/c Ratio 0.72 0.78 0.09 0.64 0.73 0.14 0.74 0.39 0.07 0.78 0.52
Uniform Delay, d1 34.5 24.6 19.1 37.9 27.4 23.2 34.9 21.2 19.0 33.3 20.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.8 6.4 0.1 20.8 5.6 0.2 15.5 1.0 0.3 15.0 1.6
Delay (s) 47.3 30.9 19.1 58.7 33.0 23.4 50.5 22.2 19.3 48.2 21.9
Level of Service D C B E C C D C B D C
Approach Delay (s) 31.5 31.1 27.1 27.7
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 29.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 79.4 Sum of lost time (s) 12.0
Intersection Capacity Utilization 65.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 117 533 147 239 534 187 160 691 482 301 583 102
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 123 561 155 252 562 197 168 727 507 317 614 107
RTOR Reduction (vph) 0 0 123 0 0 151 0 0 219 0 0 67
Lane Group Flow (vph) 123 561 32 252 562 46 168 727 288 317 614 40

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 6.7 17.4 17.4 8.8 19.5 19.5 10.4 23.5 23.5 17.9 31.0 31.0
Effective Green, g (s) 6.7 17.4 17.4 8.8 19.5 19.5 10.4 23.5 23.5 17.9 31.0 31.0
Actuated g/C Ratio 0.08 0.21 0.21 0.11 0.23 0.23 0.12 0.28 0.28 0.21 0.37 0.37
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 142 737 329 361 825 369 220 995 445 379 1312 587
v/s Ratio Prot c0.07 0.16 0.07 c0.16 0.09 c0.21 c0.18 0.17
v/s Ratio Perm 0.02 0.03 0.18 0.03
v/c Ratio 0.87 0.76 0.10 0.70 0.68 0.12 0.76 0.73 0.65 0.84 0.47 0.07
Uniform Delay, d1 38.0 31.1 26.8 36.1 29.2 25.3 35.4 27.2 26.4 31.4 20.0 17.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 38.7 4.7 0.1 5.8 2.3 0.2 14.5 2.8 3.2 14.7 0.3 0.0
Delay (s) 76.8 35.8 26.9 41.9 31.5 25.5 49.9 30.0 29.7 46.2 20.3 17.0
Level of Service E D C D C C D C C D C B
Approach Delay (s) 40.2 32.9 32.3 27.9
Approach LOS D C C C

Intersection Summary

HCM Average Control Delay 32.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 83.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 71.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 113 539 126 179 520 154 96 686 475 332 665 104
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 115 550 129 183 531 157 98 700 485 339 679 106
RTOR Reduction (vph) 0 0 101 0 0 122 0 0 195 0 0 62
Lane Group Flow (vph) 115 550 28 183 531 35 98 700 290 339 679 44

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 6.7 17.9 17.9 7.0 18.2 18.2 7.1 23.1 23.1 18.6 34.6 34.6
Effective Green, g (s) 6.7 17.9 17.9 7.0 18.2 18.2 7.1 23.1 23.1 18.6 34.6 34.6
Actuated g/C Ratio 0.08 0.22 0.22 0.08 0.22 0.22 0.09 0.28 0.28 0.23 0.42 0.42
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 144 767 343 291 780 349 152 990 443 399 1482 663
v/s Ratio Prot c0.06 c0.16 0.05 0.15 0.06 c0.20 c0.19 0.19
v/s Ratio Perm 0.02 0.02 0.18 0.03
v/c Ratio 0.80 0.72 0.08 0.63 0.68 0.10 0.64 0.71 0.65 0.85 0.46 0.07
Uniform Delay, d1 37.3 30.0 25.8 36.5 29.5 25.7 36.5 26.7 26.2 30.7 17.3 14.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 25.7 3.2 0.1 4.2 2.5 0.1 9.0 2.3 3.5 15.4 0.2 0.0
Delay (s) 63.0 33.2 25.9 40.8 32.0 25.8 45.6 29.0 29.7 46.1 17.5 14.4
Level of Service E C C D C C D C C D B B
Approach Delay (s) 36.3 32.7 30.5 25.8
Approach LOS D C C C

Intersection Summary

HCM Average Control Delay 30.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 82.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 72.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 137 552 58 652 622 182 103 646 401 433 417 125
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 149 600 63 709 676 198 112 702 436 471 453 136
RTOR Reduction (vph) 0 0 53 0 0 149 0 0 284 0 0 87
Lane Group Flow (vph) 149 600 10 709 676 49 112 702 152 471 453 49

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 10.4 15.0 15.0 18.0 22.6 22.6 8.8 18.8 18.8 23.0 33.0 33.0
Effective Green, g (s) 10.4 15.0 15.0 18.0 22.6 22.6 8.8 18.8 18.8 23.0 33.0 33.0
Actuated g/C Ratio 0.11 0.17 0.17 0.20 0.25 0.25 0.10 0.21 0.21 0.25 0.36 0.36
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 203 585 262 681 881 394 172 733 328 448 1286 575
v/s Ratio Prot 0.08 c0.17 c0.21 0.19 0.06 c0.20 c0.27 0.13
v/s Ratio Perm 0.01 0.03 0.10 0.03
v/c Ratio 0.73 1.03 0.04 1.04 0.77 0.13 0.65 0.96 0.46 1.05 0.35 0.09
Uniform Delay, d1 38.9 37.9 31.8 36.4 31.7 26.4 39.5 35.6 31.6 33.9 21.1 19.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.9 43.9 0.1 45.6 4.0 0.1 8.5 23.1 1.0 56.7 0.2 0.1
Delay (s) 51.7 81.8 31.9 82.0 35.7 26.6 48.0 58.7 32.6 90.6 21.3 19.1
Level of Service D F C F D C D E C F C B
Approach Delay (s) 72.4 55.3 48.7 51.8
Approach LOS E E D D

Intersection Summary

HCM Average Control Delay 55.7 HCM Level of Service E
HCM Volume to Capacity ratio 1.02
Actuated Cycle Length (s) 90.8 Sum of lost time (s) 16.0
Intersection Capacity Utilization 89.0% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4972 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4972 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 77 565 99 553 1227 183 147 483 491 175 538 95
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 79 577 101 564 1252 187 150 493 501 179 549 97
RTOR Reduction (vph) 0 26 0 0 0 106 0 0 58 0 0 77
Lane Group Flow (vph) 79 652 0 564 1252 81 150 493 443 179 549 20

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 4.2 19.7 18.8 34.3 34.3 8.2 15.7 34.5 9.0 16.5 16.5
Effective Green, g (s) 4.2 19.7 18.8 34.3 34.3 8.2 15.7 34.5 9.0 16.5 16.5
Actuated g/C Ratio 0.05 0.25 0.24 0.43 0.43 0.10 0.20 0.44 0.11 0.21 0.21
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 1237 815 1533 686 183 702 770 201 737 330
v/s Ratio Prot 0.04 0.13 0.16 c0.35 0.08 0.14 c0.14 c0.10 c0.16
v/s Ratio Perm 0.05 0.14 0.01
v/c Ratio 0.84 0.53 0.69 0.82 0.12 0.82 0.70 0.58 0.89 0.74 0.06
Uniform Delay, d1 37.2 25.7 27.6 19.7 13.4 34.8 29.6 16.8 34.6 29.4 25.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 45.8 0.4 2.6 3.5 0.1 24.0 3.2 1.0 35.1 4.1 0.1
Delay (s) 83.0 26.1 30.1 23.2 13.5 58.8 32.8 17.9 69.7 33.5 25.2
Level of Service F C C C B E C B E C C
Approach Delay (s) 32.1 24.2 29.7 40.4
Approach LOS C C C D

Intersection Summary

HCM Average Control Delay 29.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 79.2 Sum of lost time (s) 8.0
Intersection Capacity Utilization 74.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2007 Baseline - MID-AM
7: Hana Hwy & Dairy Rd

7/13/2007 Synchro 6 Report
Page 7

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4994 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4994 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 46 596 81 455 978 115 89 505 415 99 446 57
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 48 627 85 479 1029 121 94 532 437 104 469 60
RTOR Reduction (vph) 0 19 0 0 0 69 0 0 78 0 0 47
Lane Group Flow (vph) 48 693 0 479 1029 52 94 532 359 104 469 13

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 3.0 19.0 15.3 31.3 31.3 6.6 16.1 31.4 7.0 16.5 16.5
Effective Green, g (s) 3.0 19.0 15.3 31.3 31.3 6.6 16.1 31.4 7.0 16.5 16.5
Actuated g/C Ratio 0.04 0.26 0.21 0.43 0.43 0.09 0.22 0.43 0.10 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 72 1293 716 1509 675 159 776 763 169 796 356
v/s Ratio Prot 0.03 0.14 c0.14 c0.29 0.05 c0.15 c0.10 c0.06 0.13
v/s Ratio Perm 0.03 0.13 0.01
v/c Ratio 0.67 0.54 0.67 0.68 0.08 0.59 0.69 0.47 0.62 0.59 0.04
Uniform Delay, d1 34.7 23.4 26.7 17.0 12.5 32.1 26.3 15.0 31.9 25.4 22.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 20.9 0.4 2.4 1.3 0.0 5.8 2.5 0.5 6.5 1.1 0.0
Delay (s) 55.6 23.8 29.1 18.3 12.5 37.9 28.8 15.5 38.4 26.5 22.3
Level of Service E C C B B D C B D C C
Approach Delay (s) 25.8 21.1 24.2 28.1
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 23.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 73.4 Sum of lost time (s) 8.0
Intersection Capacity Utilization 63.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4982 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4982 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 111 1192 187 440 795 138 112 553 668 105 582 68
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 112 1204 189 444 803 139 113 559 675 106 588 69
RTOR Reduction (vph) 0 23 0 0 0 79 0 0 23 0 0 54
Lane Group Flow (vph) 112 1370 0 444 803 60 113 559 652 106 588 15

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 8.4 27.2 18.8 37.6 37.6 7.1 20.2 39.0 5.3 18.4 18.4
Effective Green, g (s) 8.4 27.2 18.8 37.6 37.6 7.1 20.2 39.0 5.3 18.4 18.4
Actuated g/C Ratio 0.10 0.31 0.21 0.43 0.43 0.08 0.23 0.45 0.06 0.21 0.21
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 170 1549 738 1521 680 144 817 778 107 744 333
v/s Ratio Prot 0.06 c0.27 0.13 0.23 c0.06 0.16 c0.18 0.06 0.17
v/s Ratio Perm 0.04 0.23 0.01
v/c Ratio 0.66 0.88 0.60 0.53 0.09 0.78 0.68 0.84 0.99 0.79 0.04
Uniform Delay, d1 38.2 28.7 31.0 18.4 14.8 39.5 30.7 21.5 41.1 32.7 27.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 8.9 6.4 1.4 0.3 0.1 23.8 2.4 7.9 83.8 5.7 0.1
Delay (s) 47.1 35.0 32.4 18.7 14.8 63.3 33.1 29.3 124.9 38.4 27.6
Level of Service D D C B B E C C F D C
Approach Delay (s) 35.9 22.7 33.8 49.5
Approach LOS D C C D

Intersection Summary

HCM Average Control Delay 33.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 87.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 84.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers Associates, Inc.

Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 409 745 1471 0 0 347
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 445 810 1599 0 0 377
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1599 2893 799
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1599 2893 799
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 0 0 0
cM capacity (veh/h) 406 0 328

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 445 405 405 799 799 377
Volume Left 445 0 0 0 0 0
Volume Right 0 0 0 0 0 377
cSH 406 1700 1700 1700 1700 328
Volume to Capacity 1.10 0.24 0.24 0.47 0.47 1.15
Queue Length 95th (ft) 389 0 0 0 0 384
Control Delay (s) 105.1 0.0 0.0 0.0 0.0 132.0
Lane LOS F F
Approach Delay (s) 37.3 0.0 132.0
Approach LOS F

Intersection Summary

Average Delay 29.9
Intersection Capacity Utilization 70.0% ICU Level of Service C
Analysis Period (min) 15



Kahului Harbor Master Plan 2007 Baseline - PM
9: Hana Hwy & Haleakala Hwy

7/17/2007 Synchro 6 Report
Page 8

Fehr & Peers Associates, Inc.

Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 523 1429 985 0 0 436
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 539 1473 1015 0 0 449
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1015 2830 508
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1015 2830 508
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 21 100 12
cM capacity (veh/h) 679 3 510

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 539 737 737 508 508 449
Volume Left 539 0 0 0 0 0
Volume Right 0 0 0 0 0 449
cSH 679 1700 1700 1700 1700 510
Volume to Capacity 0.79 0.43 0.43 0.30 0.30 0.88
Queue Length 95th (ft) 199 0 0 0 0 243
Control Delay (s) 27.6 0.0 0.0 0.0 0.0 44.5
Lane LOS D E
Approach Delay (s) 7.4 0.0 44.5
Approach LOS E

Intersection Summary

Average Delay 10.0
Intersection Capacity Utilization 62.9% ICU Level of Service B
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 450 853 1197 0 0 287
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 455 862 1209 0 0 290
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1209 2549 605
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1209 2549 605
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 21 100 34
cM capacity (veh/h) 573 5 441

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 455 431 431 605 605 290
Volume Left 455 0 0 0 0 0
Volume Right 0 0 0 0 0 290
cSH 573 1700 1700 1700 1700 441
Volume to Capacity 0.79 0.25 0.25 0.36 0.36 0.66
Queue Length 95th (ft) 190 0 0 0 0 116
Control Delay (s) 31.2 0.0 0.0 0.0 0.0 27.5
Lane LOS D D
Approach Delay (s) 10.8 0.0 27.5
Approach LOS D

Intersection Summary

Average Delay 7.9
Intersection Capacity Utilization 64.7% ICU Level of Service C
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3510 3433 3539 1583 1826 1583 2909 1346
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3510 3433 3539 1583 1826 1583 2909 1346

Volume (vph) 0 856 50 271 1248 159 91 138 213 135 62 18
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 0 892 52 282 1300 166 95 144 222 141 65 19
RTOR Reduction (vph) 0 5 0 0 0 68 0 0 179 0 0 17
Lane Group Flow (vph) 0 939 0 282 1300 98 0 239 43 0 206 2
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 20% 20% 20%

Turn Type Prot Perm Split Prot Split Perm
Protected Phases 4 3 8 6 6 6 2 2
Permitted Phases 8 2
Actuated Green, G (s) 25.4 10.0 39.4 39.4 14.6 14.6 9.1 9.1
Effective Green, g (s) 25.4 10.0 39.4 39.4 14.6 14.6 9.1 9.1
Actuated g/C Ratio 0.34 0.13 0.52 0.52 0.19 0.19 0.12 0.12
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1187 457 1857 830 355 308 352 163
v/s Ratio Prot c0.27 0.08 c0.37 c0.13 0.03 c0.07
v/s Ratio Perm 0.06 0.00
v/c Ratio 0.79 0.62 0.70 0.12 0.67 0.14 0.59 0.01
Uniform Delay, d1 22.5 30.7 13.4 9.0 28.0 25.1 31.2 29.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.7 2.5 1.2 0.1 5.0 0.2 2.5 0.0
Delay (s) 26.1 33.2 14.6 9.1 33.0 25.3 33.7 29.1
Level of Service C C B A C C C C
Approach Delay (s) 26.1 17.1 29.3 33.3
Approach LOS C B C C

Intersection Summary

HCM Average Control Delay 22.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 75.1 Sum of lost time (s) 16.0
Intersection Capacity Utilization 66.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3514 3433 3539 1583 1833 1583 3072 1417
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3514 3433 3539 1583 1833 1583 3072 1417

Volume (vph) 0 868 44 265 1141 166 55 115 260 166 103 30
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 0 904 46 276 1189 173 57 120 271 173 107 31
RTOR Reduction (vph) 0 4 0 0 0 82 0 0 226 0 0 26
Lane Group Flow (vph) 0 946 0 276 1189 91 0 177 45 0 280 5
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 14% 14% 14%

Turn Type Prot Perm Split Prot Split Perm
Protected Phases 4 3 8 6 6 6 2 2
Permitted Phases 8 2
Actuated Green, G (s) 25.6 9.9 39.5 39.5 12.3 12.3 11.1 11.1
Effective Green, g (s) 25.6 9.9 39.5 39.5 12.3 12.3 11.1 11.1
Actuated g/C Ratio 0.34 0.13 0.53 0.53 0.16 0.16 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1201 454 1866 835 301 260 455 210
v/s Ratio Prot c0.27 0.08 c0.34 c0.10 0.03 c0.09
v/s Ratio Perm 0.06 0.00
v/c Ratio 0.79 0.61 0.64 0.11 0.59 0.17 0.62 0.02
Uniform Delay, d1 22.2 30.7 12.6 8.9 29.0 26.9 29.9 27.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.5 2.3 0.7 0.1 2.9 0.3 2.5 0.0
Delay (s) 25.7 33.0 13.3 8.9 31.9 27.2 32.4 27.3
Level of Service C C B A C C C C
Approach Delay (s) 25.7 16.2 29.1 31.9
Approach LOS C B C C

Intersection Summary

HCM Average Control Delay 22.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 74.9 Sum of lost time (s) 16.0
Intersection Capacity Utilization 60.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3514 3433 3539 1583 1832 1583 3185 1468
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3514 3433 3539 1583 1832 1583 3185 1468

Volume (vph) 0 1308 66 335 943 172 84 169 458 206 133 32
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 1335 67 342 962 176 86 172 467 210 136 33
RTOR Reduction (vph) 0 4 0 0 0 76 0 0 19 0 0 29
Lane Group Flow (vph) 0 1398 0 342 962 100 0 258 448 0 346 4
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 10% 10% 10%

Turn Type Prot Perm Split pt+ov Split Perm
Protected Phases 4 3 8 6 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 37.0 10.0 51.0 51.0 17.0 31.0 10.0 10.0
Effective Green, g (s) 37.0 10.0 51.0 51.0 17.0 31.0 10.0 10.0
Actuated g/C Ratio 0.41 0.11 0.57 0.57 0.19 0.34 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1445 381 2005 897 346 545 354 163
v/s Ratio Prot c0.40 0.10 0.27 0.14 c0.28 c0.11
v/s Ratio Perm 0.06 0.00
v/c Ratio 0.97 0.90 0.48 0.11 0.75 0.82 1.15dl 0.02
Uniform Delay, d1 25.9 39.5 11.6 9.0 34.5 27.0 39.9 35.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 16.4 22.8 0.2 0.1 8.5 9.7 41.3 0.1
Delay (s) 42.3 62.3 11.8 9.1 42.9 36.7 81.2 35.7
Level of Service D E B A D D F D
Approach Delay (s) 42.3 23.1 38.9 77.3
Approach LOS D C D E

Intersection Summary

HCM Average Control Delay 37.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 88.0% ICU Level of Service E
Analysis Period (min) 15
dl    Defacto Left Lane.  Recode with 1 though lane as a left lane.
c    Critical Lane Group



Kahului Harbor Master Plan 2007 Baseline - AM
11: Ka'ahumanu Av & Hana Hwy

7/17/2007 Synchro 6 Report
Page 10
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 163 870 1293 10 0 130
Peak Hour Factor 0.98 0.98 0.98 0.98 0.98 0.98
Hourly flow rate (vph) 166 888 1319 10 0 133
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 663 984
pX, platoon unblocked 0.73 0.75 0.73
vC, conflicting volume 1330 2101 665
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1081 1986 169
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 64 100 78
cM capacity (veh/h) 468 26 617

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 166 444 444 880 450 133
Volume Left 166 0 0 0 0 0
Volume Right 0 0 0 0 10 133
cSH 468 1700 1700 1700 1700 617
Volume to Capacity 0.36 0.26 0.26 0.52 0.26 0.22
Queue Length 95th (ft) 40 0 0 0 0 20
Control Delay (s) 16.9 0.0 0.0 0.0 0.0 12.4
Lane LOS C B
Approach Delay (s) 2.7 0.0 12.4
Approach LOS B

Intersection Summary

Average Delay 1.8
Intersection Capacity Utilization 51.8% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 152 952 1213 14 0 137
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 160 1002 1277 15 0 144
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 660 984
pX, platoon unblocked 0.75 0.79 0.75
vC, conflicting volume 1292 2105 646
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1061 1868 206
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 67 100 76
cM capacity (veh/h) 492 34 604

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 160 501 501 851 440 144
Volume Left 160 0 0 0 0 0
Volume Right 0 0 0 0 15 144
cSH 492 1700 1700 1700 1700 604
Volume to Capacity 0.33 0.29 0.29 0.50 0.26 0.24
Queue Length 95th (ft) 35 0 0 0 0 23
Control Delay (s) 15.8 0.0 0.0 0.0 0.0 12.8
Lane LOS C B
Approach Delay (s) 2.2 0.0 12.8
Approach LOS B

Intersection Summary

Average Delay 1.7
Intersection Capacity Utilization 49.1% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 103 1356 1115 8 0 155
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 104 1370 1126 8 0 157
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 657 984
pX, platoon unblocked 0.85 0.84 0.85
vC, conflicting volume 1134 2023 567
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 986 1502 321
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 82 100 73
cM capacity (veh/h) 595 78 576

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 104 685 685 751 384 157
Volume Left 104 0 0 0 0 0
Volume Right 0 0 0 0 8 157
cSH 595 1700 1700 1700 1700 576
Volume to Capacity 0.18 0.40 0.40 0.44 0.23 0.27
Queue Length 95th (ft) 16 0 0 0 0 27
Control Delay (s) 12.3 0.0 0.0 0.0 0.0 13.6
Lane LOS B B
Approach Delay (s) 0.9 0.0 13.6
Approach LOS B

Intersection Summary

Average Delay 1.2
Intersection Capacity Utilization 47.3% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 133 40 24 267 193 98
Peak Hour Factor 0.85 0.85 0.85 0.85 0.85 0.85
Hourly flow rate (vph) 156 47 28 314 227 115
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked
vC, conflicting volume 598 227 342
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 598 227 342
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 66 94 98
cM capacity (veh/h) 455 812 1217

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 156 47 342 227 115
Volume Left 156 0 28 0 0
Volume Right 0 47 0 0 115
cSH 455 812 1217 1700 1700
Volume to Capacity 0.34 0.06 0.02 0.13 0.07
Queue Length 95th (ft) 38 5 2 0 0
Control Delay (s) 17.0 9.7 0.9 0.0 0.0
Lane LOS C A A
Approach Delay (s) 15.3 0.9 0.0
Approach LOS C

Intersection Summary

Average Delay 3.8
Intersection Capacity Utilization 42.9% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 140 26 23 281 229 118
Peak Hour Factor 0.85 0.85 0.85 0.85 0.85 0.85
Hourly flow rate (vph) 165 31 27 331 269 139
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked
vC, conflicting volume 654 269 408
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 654 269 408
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 61 96 98
cM capacity (veh/h) 421 769 1151

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 165 31 358 269 139
Volume Left 165 0 27 0 0
Volume Right 0 31 0 0 139
cSH 421 769 1151 1700 1700
Volume to Capacity 0.39 0.04 0.02 0.16 0.08
Queue Length 95th (ft) 46 3 2 0 0
Control Delay (s) 18.9 9.9 0.8 0.0 0.0
Lane LOS C A A
Approach Delay (s) 17.5 0.8 0.0
Approach LOS C

Intersection Summary

Average Delay 3.9
Intersection Capacity Utilization 45.9% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 82 29 44 307 333 162
Peak Hour Factor 0.80 0.80 0.80 0.80 0.80 0.80
Hourly flow rate (vph) 102 36 55 384 416 202
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked
vC, conflicting volume 910 416 619
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 910 416 619
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 64 94 94
cM capacity (veh/h) 287 636 962

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 102 36 439 416 202
Volume Left 102 0 55 0 0
Volume Right 0 36 0 0 202
cSH 287 636 962 1700 1700
Volume to Capacity 0.36 0.06 0.06 0.24 0.12
Queue Length 95th (ft) 39 5 5 0 0
Control Delay (s) 24.3 11.0 1.7 0.0 0.0
Lane LOS C B A
Approach Delay (s) 20.8 1.7 0.0
Approach LOS C

Intersection Summary

Average Delay 3.0
Intersection Capacity Utilization 50.7% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 1 0 6 146 0 18 4 179 182 24 172 2
Peak Hour Factor 0.92 0.92 0.92 0.85 0.92 0.85 0.92 0.85 0.85 0.85 0.85 0.92
Hourly flow rate (vph) 1 0 7 172 0 21 4 211 214 28 202 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 500 693 203 593 587 318 205 425
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 500 693 203 593 587 318 205 425
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 99 58 100 97 100 98
cM capacity (veh/h) 457 356 837 405 410 723 1367 1135

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1

Volume Total 8 193 4 425 233
Volume Left 1 172 4 0 28
Volume Right 7 21 0 214 2
cSH 748 426 1367 1700 1135
Volume to Capacity 0.01 0.45 0.00 0.25 0.02
Queue Length 95th (ft) 1 58 0 0 2
Control Delay (s) 9.9 20.3 7.6 0.0 1.2
Lane LOS A C A A
Approach Delay (s) 9.9 20.3 0.1 1.2
Approach LOS A C

Intersection Summary

Average Delay 5.0
Intersection Capacity Utilization 51.9% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 1 0 11 157 0 23 5 180 228 29 177 1
Peak Hour Factor 0.92 0.92 0.92 0.86 0.92 0.86 0.92 0.86 0.86 0.86 0.86 0.92
Hourly flow rate (vph) 1 0 12 183 0 27 5 209 265 34 206 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 520 759 206 638 627 342 207 474
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 520 759 206 638 627 342 207 474
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 99 51 100 96 100 97
cM capacity (veh/h) 437 324 835 374 386 701 1364 1088

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1 SB 2

Volume Total 13 209 5 474 240 1
Volume Left 1 183 5 0 34 0
Volume Right 12 27 0 265 0 1
cSH 776 397 1364 1700 1088 1700
Volume to Capacity 0.02 0.53 0.00 0.28 0.03 0.00
Queue Length 95th (ft) 1 74 0 0 2 0
Control Delay (s) 9.7 23.7 7.6 0.0 1.4 0.0
Lane LOS A C A A
Approach Delay (s) 9.7 23.7 0.1 1.4
Approach LOS A C

Intersection Summary

Average Delay 5.8
Intersection Capacity Utilization 57.3% ICU Level of Service B
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 0 2 6 232 0 16 6 199 226 24 253 3
Peak Hour Factor 0.92 0.92 0.92 0.89 0.92 0.89 0.92 0.89 0.89 0.89 0.89 0.92
Hourly flow rate (vph) 0 2 7 261 0 18 7 224 254 27 284 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 593 829 284 709 705 351 288 478
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 593 829 284 709 705 351 288 478
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 99 99 22 100 97 99 98
cM capacity (veh/h) 397 297 755 336 350 693 1274 1085

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1 SB 2

Volume Total 9 279 7 478 311 3
Volume Left 0 261 7 0 27 0
Volume Right 7 18 0 254 0 3
cSH 545 348 1274 1700 1085 1700
Volume to Capacity 0.02 0.80 0.01 0.28 0.02 0.00
Queue Length 95th (ft) 1 170 0 0 2 0
Control Delay (s) 11.7 46.4 7.8 0.0 1.0 0.0
Lane LOS B E A A
Approach Delay (s) 11.7 46.4 0.1 0.9
Approach LOS B E

Intersection Summary

Average Delay 12.3
Intersection Capacity Utilization 60.4% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.87 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5073 1770 1623 1779 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5073 1863 1623 1859 1583

Volume (vph) 38 1029 75 59 1322 23 46 4 24 34 2 32
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 39 1050 77 60 1349 23 47 4 24 35 2 33
RTOR Reduction (vph) 0 0 23 0 1 0 0 23 0 0 0 31
Lane Group Flow (vph) 39 1050 54 60 1371 0 47 5 0 0 37 2

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 3.4 46.4 46.4 3.8 46.8 3.9 3.9 3.9 3.9
Effective Green, g (s) 3.4 46.4 46.4 3.8 46.8 3.9 3.9 3.9 3.9
Actuated g/C Ratio 0.05 0.70 0.70 0.06 0.71 0.06 0.06 0.06 0.06
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 91 2484 1111 102 3592 110 96 110 93
v/s Ratio Prot 0.02 c0.30 c0.03 0.27 0.00
v/s Ratio Perm 0.03 c0.03 0.02 0.00
v/c Ratio 0.43 0.42 0.05 0.59 0.38 0.43 0.06 0.34 0.02
Uniform Delay, d1 30.4 4.2 3.0 30.4 3.9 30.0 29.4 29.9 29.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.2 0.1 0.0 8.4 0.1 2.7 0.2 1.8 0.1
Delay (s) 33.6 4.3 3.1 38.8 3.9 32.7 29.6 31.7 29.4
Level of Service C A A D A C C C C
Approach Delay (s) 5.2 5.4 31.5 30.6
Approach LOS A A C C

Intersection Summary

HCM Average Control Delay 6.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 66.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 51.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.87 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5067 1770 1626 1776 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.71 1.00 0.69 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5067 1317 1626 1290 1583

Volume (vph) 45 880 91 72 1294 31 83 8 43 71 2 91
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 47 926 96 76 1362 33 87 8 45 75 2 96
RTOR Reduction (vph) 0 0 38 0 2 0 0 40 0 0 0 86
Lane Group Flow (vph) 47 926 58 76 1393 0 87 13 0 0 77 10

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 3.2 37.5 37.5 5.5 39.8 6.6 6.6 6.6 6.6
Effective Green, g (s) 3.2 37.5 37.5 5.5 39.8 6.6 6.6 6.6 6.6
Actuated g/C Ratio 0.05 0.61 0.61 0.09 0.65 0.11 0.11 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 92 2154 964 158 3274 141 174 138 170
v/s Ratio Prot 0.03 0.26 c0.04 c0.27 0.01
v/s Ratio Perm 0.04 c0.07 0.06 0.01
v/c Ratio 0.51 0.43 0.06 0.48 0.43 0.62 0.07 0.56 0.06
Uniform Delay, d1 28.4 6.4 4.9 26.7 5.3 26.3 24.7 26.1 24.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.7 0.1 0.0 2.3 0.1 7.8 0.2 4.8 0.1
Delay (s) 33.2 6.5 4.9 29.0 5.4 34.1 24.9 30.9 24.9
Level of Service C A A C A C C C C
Approach Delay (s) 7.6 6.6 30.6 27.6
Approach LOS A A C C

Intersection Summary

HCM Average Control Delay 9.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 61.6 Sum of lost time (s) 8.0
Intersection Capacity Utilization 50.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.86 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5077 1770 1599 1792 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.73 1.00 0.76 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5077 1359 1599 1423 1583

Volume (vph) 26 1313 114 89 1034 12 128 4 66 32 9 34
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 27 1340 116 91 1055 12 131 4 67 33 9 35
RTOR Reduction (vph) 0 0 45 0 1 0 0 57 0 0 0 30
Lane Group Flow (vph) 27 1340 71 91 1066 0 131 14 0 0 42 5

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 2.6 45.2 45.2 5.9 48.5 10.9 10.9 10.9 10.9
Effective Green, g (s) 2.6 45.2 45.2 5.9 48.5 10.9 10.9 10.9 10.9
Actuated g/C Ratio 0.04 0.61 0.61 0.08 0.66 0.15 0.15 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 62 2162 967 141 3327 200 236 210 233
v/s Ratio Prot 0.02 c0.38 c0.05 c0.21 0.01
v/s Ratio Perm 0.04 c0.10 0.03 0.00
v/c Ratio 0.44 0.62 0.07 0.65 0.32 0.66 0.06 0.20 0.02
Uniform Delay, d1 35.0 9.0 5.9 33.0 5.6 29.8 27.1 27.7 27.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.8 0.5 0.0 9.7 0.1 7.5 0.1 0.5 0.0
Delay (s) 39.8 9.6 5.9 42.8 5.6 37.3 27.2 28.2 27.0
Level of Service D A A D A D C C C
Approach Delay (s) 9.8 8.5 33.7 27.7
Approach LOS A A C C

Intersection Summary

HCM Average Control Delay 11.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 74.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 65.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 735 10 82 1465 17 6 19 24 2 9 0
Peak Hour Factor 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Hourly flow rate (vph) 0 758 10 85 1510 18 6 21 25 2 10 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1529 768 1692 2461 384 2093 2447 755
vC1, stage 1 conf vol 763 763 1679 1679
vC2, stage 2 conf vol 929 1698 414 768
vCu, unblocked vol 1529 768 1692 2461 384 2093 2447 755
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 90 97 83 96 97 92 100
cM capacity (veh/h) 432 842 200 123 614 85 122 351

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 505 263 85 755 755 18 52 12
Volume Left 0 0 85 0 0 0 6 2
Volume Right 0 10 0 0 0 18 25 0
cSH 1700 1700 842 1700 1700 1700 216 113
Volume to Capacity 0.30 0.15 0.10 0.44 0.44 0.01 0.24 0.11
Queue Length 95th (ft) 0 0 8 0 0 0 23 9
Control Delay (s) 0.0 0.0 9.8 0.0 0.0 0.0 26.8 40.5
Lane LOS A D E
Approach Delay (s) 0.0 0.5 26.8 40.5
Approach LOS D E

Intersection Summary

Average Delay 1.1
Intersection Capacity Utilization 50.5% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 810 43 65 1194 23 3 23 38 2 14 0
Peak Hour Factor 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Hourly flow rate (vph) 0 835 44 67 1231 25 3 25 39 2 15 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1256 879 1614 2247 440 1834 2244 615
vC1, stage 1 conf vol 857 857 1365 1365
vC2, stage 2 conf vol 757 1390 469 879
vCu, unblocked vol 1256 879 1614 2247 440 1834 2244 615
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 91 99 85 93 98 91 100
cM capacity (veh/h) 550 764 223 167 565 132 162 434

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 557 323 67 615 615 25 67 17
Volume Left 0 0 67 0 0 0 3 2
Volume Right 0 44 0 0 0 25 39 0
cSH 1700 1700 764 1700 1700 1700 288 157
Volume to Capacity 0.33 0.19 0.09 0.36 0.36 0.01 0.23 0.11
Queue Length 95th (ft) 0 0 7 0 0 0 22 9
Control Delay (s) 0.0 0.0 10.2 0.0 0.0 0.0 21.2 30.7
Lane LOS B C D
Approach Delay (s) 0.0 0.5 21.2 30.7
Approach LOS C D

Intersection Summary

Average Delay 1.2
Intersection Capacity Utilization 43.8% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 1413 16 24 969 25 16 15 31 2 10 0
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 0 1457 16 25 999 26 16 15 32 2 10 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1025 1473 2019 2539 737 1816 2522 499
vC1, stage 1 conf vol 1465 1465 1048 1048
vC2, stage 2 conf vol 554 1074 768 1473
vCu, unblocked vol 1025 1473 2019 2539 737 1816 2522 499
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 95 87 90 91 99 93 100
cM capacity (veh/h) 673 454 126 153 361 176 139 517

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 971 502 25 499 499 26 64 12
Volume Left 0 0 25 0 0 0 16 2
Volume Right 0 16 0 0 0 26 32 0
cSH 1700 1700 454 1700 1700 1700 200 144
Volume to Capacity 0.57 0.30 0.05 0.29 0.29 0.02 0.32 0.09
Queue Length 95th (ft) 0 0 4 0 0 0 33 7
Control Delay (s) 0.0 0.0 13.4 0.0 0.0 0.0 31.3 32.3
Lane LOS B D D
Approach Delay (s) 0.0 0.3 31.3 32.3
Approach LOS D D

Intersection Summary

Average Delay 1.1
Intersection Capacity Utilization 51.9% ICU Level of Service A
Analysis Period (min) 15
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Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 409 0 11 347 0 36
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 445 0 12 377 0 39
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 445 846 445
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 445 846 445
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 94
cM capacity (veh/h) 1116 329 613

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 445 12 377 39
Volume Left 0 12 0 0
Volume Right 0 0 0 39
cSH 1700 1116 1700 613
Volume to Capacity 0.26 0.01 0.22 0.06
Queue Length 95th (ft) 0 1 0 5
Control Delay (s) 0.0 8.3 0.0 11.3
Lane LOS A B
Approach Delay (s) 0.0 0.3 11.3
Approach LOS B

Intersection Summary

Average Delay 0.6
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 458 0 16 323 0 36
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 498 0 17 351 0 39
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 498 884 498
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 498 884 498
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 93
cM capacity (veh/h) 1066 311 572

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 498 17 351 39
Volume Left 0 17 0 0
Volume Right 0 0 0 39
cSH 1700 1066 1700 572
Volume to Capacity 0.29 0.02 0.21 0.07
Queue Length 95th (ft) 0 1 0 5
Control Delay (s) 0.0 8.4 0.0 11.8
Lane LOS A B
Approach Delay (s) 0.0 0.4 11.8
Approach LOS B

Intersection Summary

Average Delay 0.7
Intersection Capacity Utilization 34.1% ICU Level of Service A
Analysis Period (min) 15
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Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 523 0 12 436 0 40
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 539 0 12 449 0 41
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 539 1013 539
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 539 1013 539
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 92
cM capacity (veh/h) 1029 261 542

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 539 12 449 41
Volume Left 0 12 0 0
Volume Right 0 0 0 41
cSH 1700 1029 1700 542
Volume to Capacity 0.32 0.01 0.26 0.08
Queue Length 95th (ft) 0 1 0 6
Control Delay (s) 0.0 8.5 0.0 12.2
Lane LOS A B
Approach Delay (s) 0.0 0.2 12.2
Approach LOS B

Intersection Summary

Average Delay 0.6
Intersection Capacity Utilization 37.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1731 1583 1770 1833
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1731 1583 1770 1833

Volume (vph) 54 863 227 37 1360 57 391 155 69 58 131 16
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 56 890 234 38 1402 59 403 160 71 60 135 16
RTOR Reduction (vph) 0 0 122 0 0 31 0 0 57 0 5 0
Lane Group Flow (vph) 56 890 112 38 1402 28 274 289 14 60 146 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 3.6 39.3 39.3 3.2 38.9 38.9 16.4 16.4 16.4 7.1 7.1
Effective Green, g (s) 3.6 39.3 39.3 3.2 38.9 38.9 16.4 16.4 16.4 7.1 7.1
Actuated g/C Ratio 0.04 0.48 0.48 0.04 0.47 0.47 0.20 0.20 0.20 0.09 0.09
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 78 1696 759 69 1679 751 336 346 317 153 159
v/s Ratio Prot c0.03 0.25 0.02 c0.40 0.16 c0.17 0.03 c0.08
v/s Ratio Perm 0.07 0.02 0.01
v/c Ratio 0.72 0.52 0.15 0.55 0.84 0.04 0.82 0.84 0.04 0.39 0.92
Uniform Delay, d1 38.7 14.9 12.0 38.7 18.8 11.5 31.4 31.5 26.5 35.4 37.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 26.9 0.3 0.1 9.2 3.8 0.0 14.1 15.8 0.1 1.7 48.6
Delay (s) 65.6 15.1 12.1 47.9 22.5 11.6 45.4 47.3 26.5 37.1 85.8
Level of Service E B B D C B D D C D F
Approach Delay (s) 16.9 22.7 44.2 71.9
Approach LOS B C D E

Intersection Summary

HCM Average Control Delay 27.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 82.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 77.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1727 1583 1770 1802
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1727 1583 1770 1802

Volume (vph) 51 1004 190 40 1092 48 240 83 72 51 95 26
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 53 1035 196 41 1126 49 247 86 74 53 98 27
RTOR Reduction (vph) 0 0 103 0 0 26 0 0 62 0 12 0
Lane Group Flow (vph) 53 1035 93 41 1126 23 162 171 12 53 113 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 3.1 35.0 35.0 3.1 35.0 35.0 12.0 12.0 12.0 8.0 8.0
Effective Green, g (s) 3.1 35.0 35.0 3.1 35.0 35.0 12.0 12.0 12.0 8.0 8.0
Actuated g/C Ratio 0.04 0.47 0.47 0.04 0.47 0.47 0.16 0.16 0.16 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 74 1672 748 74 1672 748 272 280 256 191 195
v/s Ratio Prot c0.03 0.29 0.02 c0.32 0.10 c0.10 0.03 c0.06
v/s Ratio Perm 0.06 0.01 0.01
v/c Ratio 0.72 0.62 0.12 0.55 0.67 0.03 0.60 0.61 0.05 0.28 0.58
Uniform Delay, d1 35.1 14.6 11.0 34.8 15.1 10.5 28.8 28.9 26.2 30.4 31.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 27.9 0.7 0.1 8.7 1.1 0.0 3.5 3.9 0.1 0.8 4.4
Delay (s) 63.0 15.3 11.0 43.5 16.2 10.5 32.3 32.8 26.3 31.2 35.8
Level of Service E B B D B B C C C C D
Approach Delay (s) 16.6 16.9 31.4 34.4
Approach LOS B B C C

Intersection Summary

HCM Average Control Delay 19.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 74.1 Sum of lost time (s) 16.0
Intersection Capacity Utilization 62.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1770 1583 1770 1642
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1770 1583 1770 1642

Volume (vph) 60 1331 502 47 1047 55 51 142 262 93 51 194
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 62 1372 518 48 1079 57 53 146 270 96 53 200
RTOR Reduction (vph) 0 0 270 0 0 31 0 0 165 0 152 0
Lane Group Flow (vph) 62 1372 248 48 1079 26 53 146 105 96 101 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 4.1 35.3 35.3 2.0 33.2 33.2 11.3 11.3 11.3 9.2 9.2
Effective Green, g (s) 4.1 35.3 35.3 2.0 33.2 33.2 11.3 11.3 11.3 9.2 9.2
Actuated g/C Ratio 0.06 0.48 0.48 0.03 0.45 0.45 0.15 0.15 0.15 0.12 0.12
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 98 1693 757 48 1592 712 257 271 242 221 205
v/s Ratio Prot c0.04 c0.39 0.03 0.30 0.03 c0.08 0.05 c0.06
v/s Ratio Perm 0.16 0.02 0.07
v/c Ratio 0.63 0.81 0.33 1.00 0.68 0.04 0.21 0.54 0.43 0.43 0.49
Uniform Delay, d1 34.1 16.4 11.9 35.9 16.1 11.4 27.3 28.8 28.3 29.9 30.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.6 3.1 0.3 129.9 1.2 0.0 0.4 2.1 1.2 1.4 1.8
Delay (s) 46.7 19.5 12.2 165.8 17.2 11.4 27.7 30.9 29.6 31.3 32.0
Level of Service D B B F B B C C C C C
Approach Delay (s) 18.4 23.0 29.8 31.8
Approach LOS B C C C

Intersection Summary

HCM Average Control Delay 22.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 73.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 192 21 143 952 1118 219
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 200 22 149 992 1165 228
RTOR Reduction (vph) 0 18 0 0 0 113
Lane Group Flow (vph) 200 4 149 992 1165 115

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 12.7 12.7 9.4 48.1 34.7 34.7
Effective Green, g (s) 12.7 12.7 9.4 48.1 34.7 34.7
Actuated g/C Ratio 0.18 0.18 0.14 0.70 0.50 0.50
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 327 292 242 2474 1785 798
v/s Ratio Prot c0.11 c0.08 0.28 c0.33
v/s Ratio Perm 0.00 0.07
v/c Ratio 0.61 0.01 0.62 0.40 0.65 0.14
Uniform Delay, d1 25.8 22.9 28.0 4.3 12.6 9.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.4 0.0 4.6 0.1 0.9 0.1
Delay (s) 29.2 23.0 32.6 4.4 13.5 9.2
Level of Service C C C A B A
Approach Delay (s) 28.5 8.1 12.8
Approach LOS C A B

Intersection Summary

HCM Average Control Delay 12.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 68.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 59.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 123 48 96 833 967 120
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90
Adj. Flow (vph) 137 53 107 926 1074 133
RTOR Reduction (vph) 0 45 0 0 0 57
Lane Group Flow (vph) 137 8 107 926 1074 76

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 9.3 9.3 6.2 46.8 36.6 36.6
Effective Green, g (s) 9.3 9.3 6.2 46.8 36.6 36.6
Actuated g/C Ratio 0.15 0.15 0.10 0.73 0.57 0.57
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 257 230 171 2584 2021 904
v/s Ratio Prot c0.08 c0.06 0.26 c0.30
v/s Ratio Perm 0.00 0.05
v/c Ratio 0.53 0.03 0.63 0.36 0.53 0.08
Uniform Delay, d1 25.4 23.5 27.8 3.2 8.5 6.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.1 0.1 7.0 0.1 0.3 0.0
Delay (s) 27.5 23.6 34.8 3.2 8.7 6.2
Level of Service C C C A A A
Approach Delay (s) 26.4 6.5 8.5
Approach LOS C A A

Intersection Summary

HCM Average Control Delay 9.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 64.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 48.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 235 91 62 1431 1285 260
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 245 95 65 1491 1339 271
RTOR Reduction (vph) 0 75 0 0 0 122
Lane Group Flow (vph) 245 20 65 1491 1339 149

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 14.4 14.4 4.6 46.7 38.1 38.1
Effective Green, g (s) 14.4 14.4 4.6 46.7 38.1 38.1
Actuated g/C Ratio 0.21 0.21 0.07 0.68 0.55 0.55
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 369 330 118 2392 1951 873
v/s Ratio Prot c0.14 0.04 c0.42 c0.38
v/s Ratio Perm 0.01 0.09
v/c Ratio 0.66 0.06 0.55 0.62 0.69 0.17
Uniform Delay, d1 25.1 21.9 31.2 6.3 11.2 7.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.5 0.1 5.5 0.5 1.0 0.1
Delay (s) 29.6 22.0 36.7 6.8 12.2 7.8
Level of Service C C D A B A
Approach Delay (s) 27.5 8.0 11.5
Approach LOS C A B

Intersection Summary

HCM Average Control Delay 11.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 69.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 62.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1704 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1704 1583

Volume (vph) 61 888 99 45 956 1126 36 116 8 1040 140 104
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 61 888 99 45 956 1126 36 116 8 1040 140 104
RTOR Reduction (vph) 0 0 68 0 0 0 0 0 8 0 0 63
Lane Group Flow (vph) 61 888 31 45 956 1126 36 116 0 575 605 41

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 2.8 25.7 25.7 2.1 25.0 80.9 4.9 4.9 4.9 32.2 32.2 32.2
Effective Green, g (s) 2.8 25.7 25.7 2.1 25.0 80.9 4.9 4.9 4.9 32.2 32.2 32.2
Actuated g/C Ratio 0.03 0.32 0.32 0.03 0.31 1.00 0.06 0.06 0.06 0.40 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 61 1124 503 46 1094 1583 107 113 96 669 678 630
v/s Ratio Prot 0.03 0.25 0.03 c0.27 0.02 0.06 0.34 c0.36
v/s Ratio Perm 0.02 c0.71 0.00 0.03
v/c Ratio 1.00 0.79 0.06 0.98 0.87 0.71 0.34 1.03 0.01 0.86 0.89 0.07
Uniform Delay, d1 39.1 25.1 19.2 39.4 26.5 0.0 36.4 38.0 35.7 22.3 22.7 15.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 115.2 3.9 0.1 123.3 7.9 2.7 1.9 92.0 0.0 10.7 14.1 0.0
Delay (s) 154.3 29.0 19.3 162.6 34.4 2.7 38.3 130.0 35.7 33.0 36.8 15.1
Level of Service F C B F C A D F D C D B
Approach Delay (s) 35.4 20.3 104.6 33.3
Approach LOS D C F C

Intersection Summary

HCM Average Control Delay 30.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 80.9 Sum of lost time (s) 8.0
Intersection Capacity Utilization 79.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1705 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1705 1583

Volume (vph) 55 820 47 80 897 848 47 66 14 1004 142 85
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 56 837 48 82 915 865 48 67 14 1024 145 87
RTOR Reduction (vph) 0 0 34 0 0 0 0 0 13 0 0 52
Lane Group Flow (vph) 56 837 14 82 915 865 48 67 1 569 600 35

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 3.5 23.2 23.2 4.2 23.9 78.1 3.5 3.5 3.5 31.2 31.2 31.2
Effective Green, g (s) 3.5 23.2 23.2 4.2 23.9 78.1 3.5 3.5 3.5 31.2 31.2 31.2
Actuated g/C Ratio 0.04 0.30 0.30 0.05 0.31 1.00 0.04 0.04 0.04 0.40 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 79 1051 470 95 1083 1583 79 83 71 672 681 632
v/s Ratio Prot 0.03 0.24 0.05 c0.26 0.03 0.04 0.34 c0.35
v/s Ratio Perm 0.01 c0.55 0.00 0.02
v/c Ratio 0.71 0.80 0.03 0.86 0.84 0.55 0.61 0.81 0.01 0.85 0.88 0.05
Uniform Delay, d1 36.8 25.3 19.5 36.7 25.4 0.0 36.6 37.0 35.6 21.3 21.7 14.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 25.1 4.3 0.0 50.8 6.2 1.4 12.5 41.7 0.0 9.7 12.8 0.0
Delay (s) 61.9 29.5 19.5 87.5 31.6 1.4 49.1 78.7 35.7 30.9 34.5 14.4
Level of Service E C B F C A D E D C C B
Approach Delay (s) 31.0 20.0 63.0 31.5
Approach LOS C B E C

Intersection Summary

HCM Average Control Delay 27.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 78.1 Sum of lost time (s) 4.0
Intersection Capacity Utilization 76.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.97 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1708 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.97 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1708 1583

Volume (vph) 71 1152 135 80 723 1285 68 161 39 1038 177 162
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 72 1164 136 81 730 1298 69 163 39 1048 179 164
RTOR Reduction (vph) 0 0 91 0 0 0 0 0 36 0 0 104
Lane Group Flow (vph) 72 1164 45 81 730 1298 69 163 3 597 630 60

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 4.8 29.8 29.8 4.0 29.0 90.8 8.0 8.0 8.0 33.0 33.0 33.0
Effective Green, g (s) 4.8 29.8 29.8 4.0 29.0 90.8 8.0 8.0 8.0 33.0 33.0 33.0
Actuated g/C Ratio 0.05 0.33 0.33 0.04 0.32 1.00 0.09 0.09 0.09 0.36 0.36 0.36
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 1161 520 78 1130 1583 156 164 139 611 621 575
v/s Ratio Prot 0.04 c0.33 0.05 0.21 0.04 0.09 0.36 c0.37
v/s Ratio Perm 0.03 c0.82 0.00 0.04
v/c Ratio 0.77 1.00 0.09 1.04 0.65 0.82 0.44 0.99 0.02 0.98 1.01 0.10
Uniform Delay, d1 42.4 30.5 21.1 43.4 26.5 0.0 39.3 41.4 37.8 28.5 28.9 19.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 30.4 27.0 0.1 112.9 1.3 4.9 2.0 68.1 0.1 30.3 39.8 0.1
Delay (s) 72.8 57.5 21.2 156.3 27.8 4.9 41.3 109.5 37.9 58.9 68.7 19.2
Level of Service E E C F C A D F D E E B
Approach Delay (s) 54.7 18.6 81.8 58.6
Approach LOS D B F E

Intersection Summary

HCM Average Control Delay 42.4 HCM Level of Service D
HCM Volume to Capacity ratio 0.93
Actuated Cycle Length (s) 90.8 Sum of lost time (s) 4.0
Intersection Capacity Utilization 91.5% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.98 1.00 0.92
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (prot) 1770 4823 1770 5076 1681 1670 1770 1710
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (perm) 1770 4823 1770 5076 1681 1670 1770 1710

Volume (vph) 39 1286 675 64 1542 19 561 22 36 24 19 23
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 40 1312 689 65 1573 19 572 22 37 24 19 23
RTOR Reduction (vph) 0 100 0 0 2 0 0 5 0 0 22 0
Lane Group Flow (vph) 40 1901 0 65 1590 0 321 305 0 24 20 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 2.9 36.5 3.4 37.0 17.5 17.5 2.4 2.4
Effective Green, g (s) 2.9 36.5 3.4 37.0 17.5 17.5 2.4 2.4
Actuated g/C Ratio 0.04 0.48 0.04 0.49 0.23 0.23 0.03 0.03
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 68 2322 79 2478 388 386 56 54
v/s Ratio Prot 0.02 c0.39 c0.04 0.31 c0.19 0.18 c0.01 0.01
v/s Ratio Perm
v/c Ratio 0.59 0.82 0.82 0.64 0.83 0.79 0.43 0.37
Uniform Delay, d1 35.9 16.8 35.9 14.5 27.7 27.4 36.0 36.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.3 2.4 47.3 0.6 13.5 10.3 5.2 4.2
Delay (s) 48.2 19.2 83.2 15.0 41.2 37.7 41.2 40.1
Level of Service D B F B D D D D
Approach Delay (s) 19.8 17.7 39.5 40.5
Approach LOS B B D D

Intersection Summary

HCM Average Control Delay 22.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 75.8 Sum of lost time (s) 16.0
Intersection Capacity Utilization 77.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.94 1.00 0.99 1.00 0.97 1.00 0.90
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.98 0.95 1.00
Satd. Flow (prot) 1770 4788 1770 5020 1681 1676 1770 1678
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.98 0.95 1.00
Satd. Flow (perm) 1770 4788 1770 5020 1681 1676 1770 1678

Volume (vph) 224 936 597 75 1458 137 513 120 74 142 91 179
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 238 996 635 80 1551 146 546 128 79 151 97 190
RTOR Reduction (vph) 0 123 0 0 12 0 0 11 0 0 79 0
Lane Group Flow (vph) 238 1508 0 80 1685 0 372 370 0 151 208 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 13.0 40.0 4.8 31.8 17.0 17.0 12.6 12.6
Effective Green, g (s) 13.0 40.0 4.8 31.8 17.0 17.0 12.6 12.6
Actuated g/C Ratio 0.14 0.44 0.05 0.35 0.19 0.19 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 255 2119 94 1766 316 315 247 234
v/s Ratio Prot c0.13 0.31 0.05 c0.34 c0.22 0.22 0.09 c0.12
v/s Ratio Perm
v/c Ratio 0.93 0.71 0.85 0.95 1.18 1.18 0.61 0.89
Uniform Delay, d1 38.3 20.5 42.4 28.6 36.7 36.7 36.6 38.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 38.5 1.2 48.3 12.2 107.8 107.4 4.4 30.7
Delay (s) 76.7 21.7 90.8 40.8 144.5 144.1 41.0 68.9
Level of Service E C F D F F D E
Approach Delay (s) 28.7 43.1 144.3 59.3
Approach LOS C D F E

Intersection Summary

HCM Average Control Delay 54.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 90.4 Sum of lost time (s) 16.0
Intersection Capacity Utilization 92.4% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.98 1.00 0.94
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (prot) 1770 4845 1770 5081 1681 1667 1770 1745
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (perm) 1770 4845 1770 5081 1681 1667 1770 1745

Volume (vph) 24 1500 688 41 1241 8 866 10 51 28 28 21
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 24 1531 702 42 1266 8 884 10 52 29 29 21
RTOR Reduction (vph) 0 88 0 0 1 0 0 5 0 0 20 0
Lane Group Flow (vph) 24 2145 0 42 1273 0 489 452 0 29 30 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 1.9 41.1 2.8 42.0 24.2 24.2 3.9 3.9
Effective Green, g (s) 1.9 41.1 2.8 42.0 24.2 24.2 3.9 3.9
Actuated g/C Ratio 0.02 0.47 0.03 0.48 0.27 0.27 0.04 0.04
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 38 2263 56 2425 462 458 78 77
v/s Ratio Prot 0.01 c0.44 c0.02 0.25 c0.29 0.27 0.02 c0.02
v/s Ratio Perm
v/c Ratio 0.63 0.95 0.75 0.53 1.06 0.99 0.37 0.39
Uniform Delay, d1 42.7 22.4 42.3 16.0 31.9 31.7 40.9 40.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 29.5 9.4 42.7 0.2 58.2 38.2 3.0 3.2
Delay (s) 72.2 31.8 84.9 16.3 90.1 70.0 43.8 44.1
Level of Service E C F B F E D D
Approach Delay (s) 32.2 18.4 80.4 44.0
Approach LOS C B F D

Intersection Summary

HCM Average Control Delay 38.4 HCM Level of Service D
HCM Volume to Capacity ratio 0.95
Actuated Cycle Length (s) 88.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 83.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3480
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3480

Volume (vph) 59 368 195 104 302 105 182 752 126 111 708 88
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 62 387 205 109 318 111 192 792 133 117 745 93
RTOR Reduction (vph) 0 0 147 0 0 77 0 0 90 0 10 0
Lane Group Flow (vph) 62 387 58 109 318 34 192 792 43 117 828 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 4.0 21.1 21.1 6.1 23.2 23.2 9.2 24.5 24.5 7.5 22.8
Effective Green, g (s) 4.0 21.1 21.1 6.1 23.2 23.2 9.2 24.5 24.5 7.5 22.8
Actuated g/C Ratio 0.05 0.28 0.28 0.08 0.31 0.31 0.12 0.33 0.33 0.10 0.30
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 523 444 144 575 488 217 1153 516 177 1055
v/s Ratio Prot 0.04 c0.21 c0.06 0.17 c0.11 0.22 0.07 c0.24
v/s Ratio Perm 0.04 0.02 0.03
v/c Ratio 0.66 0.74 0.13 0.76 0.55 0.07 0.88 0.69 0.08 0.66 0.78
Uniform Delay, d1 34.9 24.6 20.2 33.8 21.7 18.4 32.5 22.0 17.6 32.6 24.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 15.5 5.4 0.1 20.1 1.2 0.1 31.9 1.7 0.1 8.9 3.9
Delay (s) 50.4 30.0 20.3 53.9 22.8 18.4 64.4 23.7 17.6 41.5 27.8
Level of Service D C C D C B E C B D C
Approach Delay (s) 28.9 28.2 30.0 29.5
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 29.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 75.2 Sum of lost time (s) 16.0
Intersection Capacity Utilization 70.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.99
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3497
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3497

Volume (vph) 81 271 174 91 277 155 147 808 92 117 865 74
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 82 274 176 92 280 157 148 816 93 118 874 75
RTOR Reduction (vph) 0 0 142 0 0 125 0 0 52 0 6 0
Lane Group Flow (vph) 82 274 34 92 280 32 148 816 41 118 943 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 5.1 15.8 15.8 5.9 16.6 16.6 8.9 36.0 36.0 8.0 35.1
Effective Green, g (s) 5.1 15.8 15.8 5.9 16.6 16.6 8.9 36.0 36.0 8.0 35.1
Actuated g/C Ratio 0.06 0.19 0.19 0.07 0.20 0.20 0.11 0.44 0.44 0.10 0.43
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 110 360 306 128 379 322 193 1559 698 173 1502
v/s Ratio Prot 0.05 0.15 c0.05 c0.15 c0.08 0.23 0.07 c0.27
v/s Ratio Perm 0.02 0.02 0.03
v/c Ratio 0.75 0.76 0.11 0.72 0.74 0.10 0.77 0.52 0.06 0.68 0.63
Uniform Delay, d1 37.7 31.2 27.2 37.1 30.5 26.5 35.4 16.6 13.1 35.6 18.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 23.7 9.2 0.2 17.5 7.4 0.1 16.5 1.3 0.2 10.6 2.0
Delay (s) 61.3 40.3 27.3 54.6 37.9 26.6 51.9 17.9 13.3 46.2 20.2
Level of Service E D C D D C D B B D C
Approach Delay (s) 39.3 37.4 22.2 23.1
Approach LOS D D C C

Intersection Summary

HCM Average Control Delay 27.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 81.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 67.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3438
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3438

Volume (vph) 141 496 159 40 364 236 135 584 111 199 681 161
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 142 501 161 40 368 238 136 590 112 201 688 163
RTOR Reduction (vph) 0 0 104 0 0 171 0 0 81 0 23 0
Lane Group Flow (vph) 142 501 57 40 368 67 136 590 31 201 828 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 7.4 26.5 26.5 2.0 21.1 21.1 7.3 21.0 21.0 9.3 23.0
Effective Green, g (s) 7.4 26.5 26.5 2.0 21.1 21.1 7.3 21.0 21.0 9.3 23.0
Actuated g/C Ratio 0.10 0.35 0.35 0.03 0.28 0.28 0.10 0.28 0.28 0.12 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 175 660 561 47 526 447 173 994 444 220 1057
v/s Ratio Prot c0.08 c0.27 0.02 0.20 0.08 0.17 c0.11 c0.24
v/s Ratio Perm 0.04 0.04 0.02
v/c Ratio 0.81 0.76 0.10 0.85 0.70 0.15 0.79 0.59 0.07 0.91 0.78
Uniform Delay, d1 33.0 21.3 16.2 36.3 24.0 20.1 33.0 23.2 19.7 32.4 23.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 24.0 5.0 0.1 77.3 4.1 0.2 20.5 1.0 0.1 37.6 3.9
Delay (s) 57.0 26.3 16.3 113.5 28.1 20.3 53.5 24.2 19.8 70.0 27.5
Level of Service E C B F C C D C B E C
Approach Delay (s) 29.7 30.5 28.4 35.6
Approach LOS C C C D

Intersection Summary

HCM Average Control Delay 31.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 74.8 Sum of lost time (s) 8.0
Intersection Capacity Utilization 74.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 128 582 161 261 583 204 175 1120 526 329 945 111
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 135 613 169 275 614 215 184 1179 554 346 995 117
RTOR Reduction (vph) 0 0 139 0 0 174 0 0 162 0 0 68
Lane Group Flow (vph) 135 613 30 275 614 41 184 1179 392 346 995 49

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 7.0 16.0 16.0 8.0 17.0 17.0 12.2 32.0 32.0 18.0 37.8 37.8
Effective Green, g (s) 7.0 16.0 16.0 8.0 17.0 17.0 12.2 32.0 32.0 18.0 37.8 37.8
Actuated g/C Ratio 0.08 0.18 0.18 0.09 0.19 0.19 0.14 0.36 0.36 0.20 0.42 0.42
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 138 629 281 305 668 299 240 1258 563 354 1486 665
v/s Ratio Prot 0.08 0.17 c0.08 c0.17 0.10 c0.33 c0.20 0.28
v/s Ratio Perm 0.02 0.03 0.25 0.03
v/c Ratio 0.98 0.97 0.11 0.90 0.92 0.14 0.77 0.94 0.70 0.98 0.67 0.07
Uniform Delay, d1 41.4 36.8 31.0 40.6 35.8 30.4 37.5 28.0 24.8 35.8 21.1 15.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 69.2 29.3 0.2 27.9 17.7 0.2 13.6 13.0 3.7 41.3 1.2 0.0
Delay (s) 110.6 66.1 31.2 68.5 53.5 30.6 51.1 41.0 28.6 77.1 22.2 15.7
Level of Service F E C E D C D D C E C B
Approach Delay (s) 66.2 52.8 38.4 34.7
Approach LOS E D D C

Intersection Summary

HCM Average Control Delay 45.1 HCM Level of Service D
HCM Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 86.1% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 122 589 138 195 568 168 105 1082 519 363 1048 112
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 124 601 141 199 580 171 107 1104 530 370 1069 114
RTOR Reduction (vph) 0 0 114 0 0 141 0 0 150 0 0 60
Lane Group Flow (vph) 124 601 27 199 580 30 107 1104 380 370 1069 54

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 7.0 17.0 17.0 6.0 16.0 16.0 8.6 31.3 31.3 19.9 42.6 42.6
Effective Green, g (s) 7.0 17.0 17.0 6.0 16.0 16.0 8.6 31.3 31.3 19.9 42.6 42.6
Actuated g/C Ratio 0.08 0.19 0.19 0.07 0.18 0.18 0.10 0.35 0.35 0.22 0.47 0.47
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 137 667 298 228 628 281 169 1228 549 390 1671 748
v/s Ratio Prot c0.07 c0.17 0.06 0.16 0.06 c0.31 c0.21 0.30
v/s Ratio Perm 0.02 0.02 0.24 0.03
v/c Ratio 0.91 0.90 0.09 0.87 0.92 0.11 0.63 0.90 0.69 0.95 0.64 0.07
Uniform Delay, d1 41.3 35.8 30.2 41.7 36.5 31.1 39.3 28.0 25.3 34.6 18.0 13.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 49.0 15.4 0.1 28.6 19.3 0.2 7.5 9.0 3.8 32.2 0.8 0.0
Delay (s) 90.3 51.1 30.3 70.3 55.8 31.3 46.8 36.9 29.1 66.9 18.8 13.0
Level of Service F D C E E C D D C E B B
Approach Delay (s) 53.4 54.5 35.2 29.8
Approach LOS D D D C

Intersection Summary

HCM Average Control Delay 40.2 HCM Level of Service D
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 90.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 85.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 150 603 63 712 679 199 112 884 438 473 570 137
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 163 655 68 774 738 216 122 961 476 514 620 149
RTOR Reduction (vph) 0 0 57 0 0 163 0 0 261 0 0 95
Lane Group Flow (vph) 163 655 11 774 738 53 122 961 215 514 620 54

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 9.0 14.0 14.0 17.0 22.0 22.0 10.4 22.0 22.0 21.0 32.6 32.6
Effective Green, g (s) 9.0 14.0 14.0 17.0 22.0 22.0 10.4 22.0 22.0 21.0 32.6 32.6
Actuated g/C Ratio 0.10 0.16 0.16 0.19 0.24 0.24 0.12 0.24 0.24 0.23 0.36 0.36
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 177 551 246 648 865 387 205 865 387 413 1282 573
v/s Ratio Prot 0.09 c0.19 c0.23 0.21 0.07 c0.27 c0.29 0.18
v/s Ratio Perm 0.01 0.03 0.14 0.03
v/c Ratio 0.92 1.19 0.04 1.19 0.85 0.14 0.60 1.11 0.56 1.24 0.48 0.09
Uniform Delay, d1 40.1 38.0 32.3 36.5 32.5 26.6 37.8 34.0 29.7 34.5 22.2 19.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 45.4 102.1 0.1 102.1 8.2 0.2 4.6 65.8 1.7 129.0 0.3 0.1
Delay (s) 85.5 140.1 32.4 138.6 40.6 26.7 42.4 99.8 31.5 163.5 22.5 19.0
Level of Service F F C F D C D F C F C B
Approach Delay (s) 121.8 82.8 74.4 78.6
Approach LOS F F E E

Intersection Summary

HCM Average Control Delay 85.7 HCM Level of Service F
HCM Volume to Capacity ratio 1.18
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 101.0% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4972 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4972 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 84 617 108 604 1340 200 161 527 536 191 587 104
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 86 630 110 616 1367 204 164 538 547 195 599 106
RTOR Reduction (vph) 0 27 0 0 0 117 0 0 37 0 0 83
Lane Group Flow (vph) 86 713 0 616 1367 87 164 538 510 195 599 23

Turn Type Prot Prot Perm Prot pt+ov Prot Perm
Protected Phases 7 4 3 8 5 2 2 3 1 6
Permitted Phases 8 6
Actuated Green, G (s) 4.5 20.2 20.3 36.0 36.0 9.7 16.9 41.2 11.4 18.6 18.6
Effective Green, g (s) 4.5 20.2 20.3 36.0 36.0 9.7 16.9 41.2 11.4 18.6 18.6
Actuated g/C Ratio 0.05 0.24 0.24 0.42 0.42 0.11 0.20 0.49 0.13 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 1184 822 1502 672 202 705 769 238 776 347
v/s Ratio Prot 0.05 0.14 0.18 c0.39 0.09 0.15 c0.32 c0.11 c0.17
v/s Ratio Perm 0.05 0.01
v/c Ratio 0.91 0.60 0.75 0.91 0.13 0.81 0.76 0.66 0.82 0.77 0.07
Uniform Delay, d1 40.0 28.7 29.9 22.9 14.9 36.7 32.1 16.5 35.7 31.1 26.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 65.2 0.9 3.8 8.6 0.1 21.4 4.9 2.2 19.3 4.8 0.1
Delay (s) 105.2 29.6 33.7 31.5 14.9 58.0 37.0 18.7 55.0 35.9 26.3
Level of Service F C C C B E D B D D C
Approach Delay (s) 37.5 30.5 31.7 38.9
Approach LOS D C C D

Intersection Summary

HCM Average Control Delay 33.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 84.8 Sum of lost time (s) 8.0
Intersection Capacity Utilization 80.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4993 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4993 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 50 645 88 497 1062 126 97 551 453 108 487 62
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 679 93 523 1118 133 102 580 477 114 513 65
RTOR Reduction (vph) 0 19 0 0 0 75 0 0 70 0 0 50
Lane Group Flow (vph) 53 753 0 523 1118 58 102 580 407 114 513 15

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 2.5 19.4 16.6 33.5 33.5 7.1 17.1 33.7 7.3 17.3 17.3
Effective Green, g (s) 2.5 19.4 16.6 33.5 33.5 7.1 17.1 33.7 7.3 17.3 17.3
Actuated g/C Ratio 0.03 0.25 0.22 0.44 0.44 0.09 0.22 0.44 0.10 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 58 1268 746 1552 694 164 792 781 169 801 358
v/s Ratio Prot 0.03 0.15 c0.15 c0.32 0.06 c0.16 c0.11 c0.06 0.14
v/s Ratio Perm 0.04 0.14 0.01
v/c Ratio 0.91 0.59 0.70 0.72 0.08 0.62 0.73 0.52 0.67 0.64 0.04
Uniform Delay, d1 36.8 25.0 27.6 17.6 12.5 33.4 27.5 15.5 33.4 26.7 23.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 86.9 0.8 3.0 1.7 0.1 7.1 3.5 0.6 10.2 1.8 0.0
Delay (s) 123.7 25.8 30.6 19.3 12.6 40.5 31.0 16.1 43.6 28.5 23.1
Level of Service F C C B B D C B D C C
Approach Delay (s) 32.1 22.1 25.7 30.5
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 26.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 76.4 Sum of lost time (s) 8.0
Intersection Capacity Utilization 67.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4982 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4982 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 121 1302 204 480 868 151 122 604 729 115 636 74
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 122 1315 206 485 877 153 123 610 736 116 642 75
RTOR Reduction (vph) 0 23 0 0 0 89 0 0 12 0 0 59
Lane Group Flow (vph) 122 1498 0 485 877 64 123 610 724 116 642 16

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 10.3 28.0 20.0 37.7 37.7 7.0 19.5 39.5 6.0 18.5 18.5
Effective Green, g (s) 10.3 28.0 20.0 37.7 37.7 7.0 19.5 39.5 6.0 18.5 18.5
Actuated g/C Ratio 0.12 0.31 0.22 0.42 0.42 0.08 0.22 0.44 0.07 0.21 0.21
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 204 1559 767 1491 667 138 771 769 119 732 327
v/s Ratio Prot 0.07 c0.30 0.14 0.25 c0.07 0.17 c0.21 0.07 0.18
v/s Ratio Perm 0.04 0.25 0.01
v/c Ratio 0.60 0.96 0.63 0.59 0.10 0.89 0.79 0.94 0.97 0.88 0.05
Uniform Delay, d1 37.6 30.2 31.4 19.9 15.6 40.9 33.1 23.9 41.7 34.4 28.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.7 14.5 1.7 0.6 0.1 45.6 5.6 19.5 74.0 11.5 0.1
Delay (s) 42.3 44.7 33.1 20.5 15.7 86.5 38.6 43.4 115.7 45.9 28.5
Level of Service D D C C B F D D F D C
Approach Delay (s) 44.5 24.1 45.0 54.1
Approach LOS D C D D

Intersection Summary

HCM Average Control Delay 40.4 HCM Level of Service D
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 89.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 91.2% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 447 814 1606 0 0 379
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 452 822 1622 0 0 383
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1622 2936 811
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1622 2936 811
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 0 0 0
cM capacity (veh/h) 397 0 322

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 452 411 411 811 811 383
Volume Left 452 0 0 0 0 0
Volume Right 0 0 0 0 0 383
cSH 397 1700 1700 1700 1700 322
Volume to Capacity 1.14 0.24 0.24 0.48 0.48 1.19
Queue Length 95th (ft) 421 0 0 0 0 408
Control Delay (s) 119.5 0.0 0.0 0.0 0.0 146.3
Lane LOS F F
Approach Delay (s) 42.4 0.0 146.3
Approach LOS F

Intersection Summary

Average Delay 33.5
Intersection Capacity Utilization 75.8% ICU Level of Service D
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 487 925 1301 0 0 313
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 492 934 1314 0 0 316
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1314 2765 657
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1314 2765 657
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 6 100 22
cM capacity (veh/h) 522 1 407

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 492 467 467 657 657 316
Volume Left 492 0 0 0 0 0
Volume Right 0 0 0 0 0 316
cSH 522 1700 1700 1700 1700 407
Volume to Capacity 0.94 0.27 0.27 0.39 0.39 0.78
Queue Length 95th (ft) 296 0 0 0 0 165
Control Delay (s) 54.5 0.0 0.0 0.0 0.0 38.5
Lane LOS F E
Approach Delay (s) 18.8 0.0 38.5
Approach LOS E

Intersection Summary

Average Delay 12.7
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 571 1560 1076 0 0 476
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 589 1608 1109 0 0 491
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1109 3091 555
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1109 3091 555
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 6 100 0
cM capacity (veh/h) 625 1 476

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 589 804 804 555 555 491
Volume Left 589 0 0 0 0 0
Volume Right 0 0 0 0 0 491
cSH 625 1700 1700 1700 1700 476
Volume to Capacity 0.94 0.47 0.47 0.33 0.33 1.03
Queue Length 95th (ft) 319 0 0 0 0 364
Control Delay (s) 48.7 0.0 0.0 0.0 0.0 79.5
Lane LOS E F
Approach Delay (s) 13.1 0.0 79.5
Approach LOS F

Intersection Summary

Average Delay 17.8
Intersection Capacity Utilization 68.0% ICU Level of Service C
Analysis Period (min) 15



Kahului Harbor Master Plan 2030 No Build - AM
10: Hana Hwy & Hobron Av

7/14/2007 Synchro 6 Report
Page 9

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3510 3433 3539 1583 1827 1583 2909 1346
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3510 3433 3539 1583 1827 1583 2909 1346

Volume (vph) 0 935 55 296 1363 174 99 151 233 147 68 20
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 0 974 57 308 1420 181 103 157 243 153 71 21
RTOR Reduction (vph) 0 5 0 0 0 67 0 0 210 0 0 18
Lane Group Flow (vph) 0 1026 0 308 1420 114 0 260 33 0 224 3
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 20% 20% 20%

Turn Type Prot Perm Split Over Split Perm
Protected Phases 4 3 8 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 27.8 10.8 42.6 42.6 15.5 10.8 9.5 9.5
Effective Green, g (s) 27.8 10.8 42.6 42.6 15.5 10.8 9.5 9.5
Actuated g/C Ratio 0.35 0.14 0.54 0.54 0.19 0.14 0.12 0.12
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1226 466 1894 847 356 215 347 161
v/s Ratio Prot c0.29 0.09 c0.40 c0.14 0.02 c0.08
v/s Ratio Perm 0.07 0.00
v/c Ratio 0.84 0.66 0.75 0.13 0.73 0.15 0.86dl 0.02
Uniform Delay, d1 23.8 32.7 14.4 9.3 30.1 30.4 33.4 30.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.1 3.5 1.7 0.1 7.5 0.3 4.1 0.0
Delay (s) 29.0 36.2 16.0 9.3 37.6 30.7 37.5 31.0
Level of Service C D B A D C D C
Approach Delay (s) 29.0 18.6 34.3 37.0
Approach LOS C B C D

Intersection Summary

HCM Average Control Delay 24.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 79.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 70.9% ICU Level of Service C
Analysis Period (min) 15
dl    Defacto Left Lane.  Recode with 1 though lane as a left lane.
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3513 3433 3539 1583 1833 1583 2918 1346
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3513 3433 3539 1583 1833 1583 2918 1346

Volume (vph) 0 937 48 289 1237 181 60 126 284 181 112 33
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 0 976 50 301 1289 189 62 131 296 189 117 34
RTOR Reduction (vph) 0 4 0 0 0 77 0 0 56 0 0 29
Lane Group Flow (vph) 0 1022 0 301 1289 112 0 193 240 0 306 5
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 20% 20% 20%

Turn Type Prot Perm Split pt+ov Split Perm
Protected Phases 4 3 8 6 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 27.5 10.3 41.8 41.8 13.0 27.3 12.2 12.2
Effective Green, g (s) 27.5 10.3 41.8 41.8 13.0 27.3 12.2 12.2
Actuated g/C Ratio 0.35 0.13 0.53 0.53 0.16 0.35 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1223 448 1873 838 302 547 451 208
v/s Ratio Prot c0.29 0.09 c0.36 c0.11 0.15 c0.10
v/s Ratio Perm 0.07 0.00
v/c Ratio 0.84 0.67 0.69 0.13 0.64 0.44 0.68 0.03
Uniform Delay, d1 23.7 32.7 13.8 9.4 30.8 19.9 31.5 28.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.1 3.9 1.1 0.1 4.4 0.6 4.0 0.0
Delay (s) 28.8 36.7 14.8 9.5 35.2 20.5 35.6 28.4
Level of Service C D B A D C D C
Approach Delay (s) 28.8 18.0 26.3 34.9
Approach LOS C B C C

Intersection Summary

HCM Average Control Delay 23.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 79.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 69.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3514 3433 3539 1583 1832 1583 3185 1468
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3514 3433 3539 1583 1832 1583 3185 1468

Volume (vph) 0 1428 72 366 1030 188 92 185 500 225 145 35
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 1457 73 373 1051 192 94 189 510 230 148 36
RTOR Reduction (vph) 0 4 0 0 0 85 0 0 14 0 0 32
Lane Group Flow (vph) 0 1526 0 373 1051 107 0 283 496 0 378 4
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 10% 10% 10%

Turn Type Prot Perm Split pt+ov Split Perm
Protected Phases 4 3 8 6 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 37.0 9.0 50.0 50.0 18.0 31.0 10.0 10.0
Effective Green, g (s) 37.0 9.0 50.0 50.0 18.0 31.0 10.0 10.0
Actuated g/C Ratio 0.41 0.10 0.56 0.56 0.20 0.34 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1445 343 1966 879 366 545 354 163
v/s Ratio Prot c0.43 0.11 0.30 0.15 c0.31 c0.12
v/s Ratio Perm 0.07 0.00
v/c Ratio 1.06 1.09 0.53 0.12 0.77 0.91 1.26dl 0.02
Uniform Delay, d1 26.5 40.5 12.6 9.5 34.1 28.2 40.0 35.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 40.0 74.0 0.3 0.1 9.8 19.4 67.0 0.1
Delay (s) 66.5 114.5 12.9 9.6 43.8 47.6 107.0 35.7
Level of Service E F B A D D F D
Approach Delay (s) 66.5 36.0 46.2 100.8
Approach LOS E D D F

Intersection Summary

HCM Average Control Delay 54.7 HCM Level of Service D
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 95.2% ICU Level of Service F
Analysis Period (min) 15
dl    Defacto Left Lane.  Recode with 1 though lane as a left lane.
c    Critical Lane Group
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 178 1010 1501 11 0 142
Peak Hour Factor 0.98 0.98 0.98 0.98 0.98 0.98
Hourly flow rate (vph) 182 1031 1532 11 0 145
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 663 984
pX, platoon unblocked 0.65 0.71 0.65
vC, conflicting volume 1543 2416 771
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1297 2099 111
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 47 100 76
cM capacity (veh/h) 345 15 599

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 182 515 515 1021 522 145
Volume Left 182 0 0 0 0 0
Volume Right 0 0 0 0 11 145
cSH 345 1700 1700 1700 1700 599
Volume to Capacity 0.53 0.30 0.30 0.60 0.31 0.24
Queue Length 95th (ft) 73 0 0 0 0 24
Control Delay (s) 26.5 0.0 0.0 0.0 0.0 12.9
Lane LOS D B
Approach Delay (s) 4.0 0.0 12.9
Approach LOS B

Intersection Summary

Average Delay 2.3
Intersection Capacity Utilization 58.4% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 166 1086 1393 15 0 150
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 175 1143 1466 16 0 158
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 663 984
pX, platoon unblocked 0.71 0.77 0.71
vC, conflicting volume 1482 2395 741
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1270 2082 226
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 55 100 71
cM capacity (veh/h) 385 19 551

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 175 572 572 978 505 158
Volume Left 175 0 0 0 0 0
Volume Right 0 0 0 0 16 158
cSH 385 1700 1700 1700 1700 551
Volume to Capacity 0.45 0.34 0.34 0.58 0.30 0.29
Queue Length 95th (ft) 57 0 0 0 0 29
Control Delay (s) 21.9 0.0 0.0 0.0 0.0 14.1
Lane LOS C B
Approach Delay (s) 2.9 0.0 14.1
Approach LOS B

Intersection Summary

Average Delay 2.0
Intersection Capacity Utilization 54.9% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 112 1481 1218 9 0 169
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 113 1496 1230 9 0 171
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 657 984
pX, platoon unblocked 0.82 0.81 0.82
vC, conflicting volume 1239 2209 620
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1069 1580 311
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 79 100 70
cM capacity (veh/h) 529 63 560

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 113 748 748 820 419 171
Volume Left 113 0 0 0 0 0
Volume Right 0 0 0 0 9 171
cSH 529 1700 1700 1700 1700 560
Volume to Capacity 0.21 0.44 0.44 0.48 0.25 0.30
Queue Length 95th (ft) 20 0 0 0 0 32
Control Delay (s) 13.6 0.0 0.0 0.0 0.0 14.2
Lane LOS B B
Approach Delay (s) 1.0 0.0 14.2
Approach LOS B

Intersection Summary

Average Delay 1.3
Intersection Capacity Utilization 51.1% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 145 44 26 292 211 107
Peak Hour Factor 0.85 0.85 0.85 0.85 0.85 0.85
Hourly flow rate (vph) 171 52 31 344 248 126
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked
vC, conflicting volume 653 248 374
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 653 248 374
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 59 93 97
cM capacity (veh/h) 421 790 1184

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 171 52 374 248 126
Volume Left 171 0 31 0 0
Volume Right 0 52 0 0 126
cSH 421 790 1184 1700 1700
Volume to Capacity 0.41 0.07 0.03 0.15 0.07
Queue Length 95th (ft) 48 5 2 0 0
Control Delay (s) 19.3 9.9 0.9 0.0 0.0
Lane LOS C A A
Approach Delay (s) 17.1 0.9 0.0
Approach LOS C

Intersection Summary

Average Delay 4.3
Intersection Capacity Utilization 45.9% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 153 28 25 307 250 129
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90
Hourly flow rate (vph) 170 31 28 341 278 143
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked
vC, conflicting volume 674 278 421
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 674 278 421
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 58 96 98
cM capacity (veh/h) 409 761 1138

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 170 31 369 278 143
Volume Left 170 0 28 0 0
Volume Right 0 31 0 0 143
cSH 409 761 1138 1700 1700
Volume to Capacity 0.42 0.04 0.02 0.16 0.08
Queue Length 95th (ft) 50 3 2 0 0
Control Delay (s) 19.9 9.9 0.9 0.0 0.0
Lane LOS C A A
Approach Delay (s) 18.4 0.9 0.0
Approach LOS C

Intersection Summary

Average Delay 4.0
Intersection Capacity Utilization 49.2% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 90 32 48 335 364 177
Peak Hour Factor 0.80 0.80 0.80 0.80 0.80 0.80
Hourly flow rate (vph) 112 40 60 419 455 221
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked 0.99
vC, conflicting volume 994 455 676
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 994 455 676
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 55 93 93
cM capacity (veh/h) 252 605 915

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 112 40 479 455 221
Volume Left 112 0 60 0 0
Volume Right 0 40 0 0 221
cSH 252 605 915 1700 1700
Volume to Capacity 0.45 0.07 0.07 0.27 0.13
Queue Length 95th (ft) 54 5 5 0 0
Control Delay (s) 30.3 11.4 1.9 0.0 0.0
Lane LOS D B A
Approach Delay (s) 25.3 1.9 0.0
Approach LOS D

Intersection Summary

Average Delay 3.6
Intersection Capacity Utilization 54.4% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 1 0 7 159 0 20 4 195 199 26 188 2
Peak Hour Factor 0.92 0.92 0.92 0.85 0.92 0.85 0.92 0.85 0.85 0.85 0.85 0.92
Hourly flow rate (vph) 1 0 8 187 0 24 4 229 234 31 221 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 545 756 222 646 640 346 223 464
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 545 756 222 646 640 346 223 464
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 99 50 100 97 100 97
cM capacity (veh/h) 424 327 817 372 381 697 1345 1098

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1

Volume Total 9 211 4 464 254
Volume Left 1 187 4 0 31
Volume Right 8 24 0 234 2
cSH 732 392 1345 1700 1098
Volume to Capacity 0.01 0.54 0.00 0.27 0.03
Queue Length 95th (ft) 1 77 0 0 2
Control Delay (s) 10.0 24.3 7.7 0.0 1.2
Lane LOS A C A A
Approach Delay (s) 10.0 24.3 0.1 1.2
Approach LOS A C

Intersection Summary

Average Delay 5.9
Intersection Capacity Utilization 55.3% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 1 0 12 171 0 25 5 197 249 32 193 1
Peak Hour Factor 0.92 0.92 0.92 0.85 0.92 0.85 0.92 0.85 0.85 0.85 0.85 0.92
Hourly flow rate (vph) 1 0 13 201 0 29 5 232 293 38 227 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 575 838 228 705 693 378 228 525
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 575 838 228 705 693 378 228 525
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 98 40 100 96 100 96
cM capacity (veh/h) 398 290 812 335 352 669 1340 1042

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1

Volume Total 14 231 5 525 266
Volume Left 1 201 5 0 38
Volume Right 13 29 0 293 1
cSH 751 358 1340 1700 1042
Volume to Capacity 0.02 0.64 0.00 0.31 0.04
Queue Length 95th (ft) 1 107 0 0 3
Control Delay (s) 9.9 31.6 7.7 0.0 1.5
Lane LOS A D A A
Approach Delay (s) 9.9 31.6 0.1 1.5
Approach LOS A D

Intersection Summary

Average Delay 7.6
Intersection Capacity Utilization 61.7% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 0 2 7 253 0 17 7 217 247 26 276 3
Peak Hour Factor 0.92 0.92 0.92 0.89 0.92 0.89 0.92 0.89 0.89 0.89 0.89 0.92
Hourly flow rate (vph) 0 2 8 284 0 19 8 244 278 29 310 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 647 905 310 775 770 383 313 521
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 647 905 310 775 770 383 313 521
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 99 99 6 100 97 99 97
cM capacity (veh/h) 364 267 730 302 320 665 1247 1045

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1 SB 2

Volume Total 10 303 8 521 339 3
Volume Left 0 284 8 0 29 0
Volume Right 8 19 0 278 0 3
cSH 527 313 1247 1700 1045 1700
Volume to Capacity 0.02 0.97 0.01 0.31 0.03 0.00
Queue Length 95th (ft) 1 253 0 0 2 0
Control Delay (s) 12.0 81.1 7.9 0.0 1.0 0.0
Lane LOS B F A A
Approach Delay (s) 12.0 81.1 0.1 1.0
Approach LOS B F

Intersection Summary

Average Delay 21.2
Intersection Capacity Utilization 64.5% ICU Level of Service C
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.87 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5075 1770 1619 1779 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.73 1.00 0.71 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5075 1365 1619 1332 1583

Volume (vph) 38 1195 82 64 1535 22 50 4 26 34 2 32
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 39 1219 84 65 1566 22 51 4 27 35 2 33
RTOR Reduction (vph) 0 0 28 0 1 0 0 25 0 0 0 30
Lane Group Flow (vph) 39 1219 56 65 1587 0 51 6 0 0 37 3

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 3.5 49.6 49.6 6.1 52.2 6.2 6.2 6.2 6.2
Effective Green, g (s) 3.5 49.6 49.6 6.1 52.2 6.2 6.2 6.2 6.2
Actuated g/C Ratio 0.05 0.67 0.67 0.08 0.71 0.08 0.08 0.08 0.08
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 84 2375 1062 146 3585 115 136 112 133
v/s Ratio Prot 0.02 c0.34 c0.04 c0.31 0.00
v/s Ratio Perm 0.04 c0.04 0.03 0.00
v/c Ratio 0.46 0.51 0.05 0.45 0.44 0.44 0.05 0.33 0.02
Uniform Delay, d1 34.3 6.1 4.1 32.3 4.6 32.2 31.1 31.9 31.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.0 0.2 0.0 2.2 0.1 2.7 0.1 1.7 0.1
Delay (s) 38.3 6.3 4.2 34.4 4.7 34.9 31.3 33.6 31.1
Level of Service D A A C A C C C C
Approach Delay (s) 7.1 5.9 33.5 32.4
Approach LOS A A C C

Intersection Summary

HCM Average Control Delay 7.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 73.9 Sum of lost time (s) 16.0
Intersection Capacity Utilization 56.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.87 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5070 1770 1623 1776 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.71 1.00 0.69 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5070 1317 1623 1285 1583

Volume (vph) 45 1007 99 79 1487 31 91 8 47 71 2 91
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 47 1060 104 83 1565 33 96 8 49 75 2 96
RTOR Reduction (vph) 0 0 38 0 2 0 0 44 0 0 0 86
Lane Group Flow (vph) 47 1060 66 83 1596 0 96 13 0 0 77 10

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 3.4 44.8 44.8 6.2 47.6 7.6 7.6 7.6 7.6
Effective Green, g (s) 3.4 44.8 44.8 6.2 47.6 7.6 7.6 7.6 7.6
Actuated g/C Ratio 0.05 0.63 0.63 0.09 0.67 0.11 0.11 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 85 2246 1005 155 3418 142 175 138 170
v/s Ratio Prot 0.03 0.30 c0.05 c0.31 0.01
v/s Ratio Perm 0.04 c0.07 0.06 0.01
v/c Ratio 0.55 0.47 0.07 0.54 0.47 0.68 0.08 0.56 0.06
Uniform Delay, d1 32.9 6.7 4.9 30.8 5.5 30.3 28.3 29.9 28.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.6 0.2 0.0 3.5 0.1 12.0 0.2 4.8 0.2
Delay (s) 40.4 6.9 4.9 34.3 5.6 42.3 28.5 34.7 28.4
Level of Service D A A C A D C C C
Approach Delay (s) 8.0 7.0 37.2 31.2
Approach LOS A A D C

Intersection Summary

HCM Average Control Delay 10.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 70.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 54.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.86 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5077 1770 1598 1792 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.73 1.00 0.76 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5077 1359 1598 1419 1583

Volume (vph) 26 1434 124 97 1129 12 140 4 72 32 9 34
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 27 1463 127 99 1152 12 143 4 73 33 9 35
RTOR Reduction (vph) 0 0 49 0 1 0 0 62 0 0 0 30
Lane Group Flow (vph) 27 1463 78 99 1163 0 143 15 0 0 42 5

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 1.7 48.4 48.4 7.3 54.0 11.5 11.5 11.5 11.5
Effective Green, g (s) 1.7 48.4 48.4 7.3 54.0 11.5 11.5 11.5 11.5
Actuated g/C Ratio 0.02 0.61 0.61 0.09 0.68 0.15 0.15 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 38 2163 967 163 3462 197 232 206 230
v/s Ratio Prot 0.02 c0.41 c0.06 0.23 0.01
v/s Ratio Perm 0.05 c0.11 0.03 0.00
v/c Ratio 0.71 0.68 0.08 0.61 0.34 0.73 0.06 0.20 0.02
Uniform Delay, d1 38.5 10.2 6.3 34.6 5.2 32.3 29.2 29.8 29.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 47.3 0.9 0.0 6.3 0.1 12.5 0.1 0.5 0.0
Delay (s) 85.8 11.1 6.3 40.8 5.3 44.8 29.3 30.3 29.1
Level of Service F B A D A D C C C
Approach Delay (s) 11.9 8.0 39.4 29.7
Approach LOS B A D C

Intersection Summary

HCM Average Control Delay 12.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.68
Actuated Cycle Length (s) 79.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 69.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 803 11 90 1600 19 7 21 26 2 10 0
Peak Hour Factor 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Hourly flow rate (vph) 0 828 11 93 1649 21 7 23 27 2 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1670 839 1849 2689 420 2287 2674 825
vC1, stage 1 conf vol 834 834 1835 1835
vC2, stage 2 conf vol 1016 1856 452 839
vCu, unblocked vol 1670 839 1849 2689 420 2287 2674 825
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 88 96 77 95 97 89 100
cM capacity (veh/h) 381 791 171 101 582 67 101 316

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 552 287 93 825 825 21 57 13
Volume Left 0 0 93 0 0 0 7 2
Volume Right 0 11 0 0 0 21 27 0
cSH 1700 1700 791 1700 1700 1700 181 93
Volume to Capacity 0.32 0.17 0.12 0.49 0.49 0.01 0.31 0.14
Queue Length 95th (ft) 0 0 10 0 0 0 32 12
Control Delay (s) 0.0 0.0 10.2 0.0 0.0 0.0 33.7 50.0
Lane LOS B D F
Approach Delay (s) 0.0 0.5 33.7 50.0
Approach LOS D F

Intersection Summary

Average Delay 1.3
Intersection Capacity Utilization 54.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 878 47 71 1298 25 3 25 41 2 15 0
Peak Hour Factor 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Hourly flow rate (vph) 0 905 48 73 1338 27 3 27 42 2 16 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1365 954 1753 2441 477 1993 2438 669
vC1, stage 1 conf vol 929 929 1485 1485
vC2, stage 2 conf vol 824 1512 508 954
vCu, unblocked vol 1365 954 1753 2441 477 1993 2438 669
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 90 98 81 92 98 88 100
cM capacity (veh/h) 499 716 196 144 535 110 139 400

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 603 350 73 669 669 27 73 18
Volume Left 0 0 73 0 0 0 3 2
Volume Right 0 48 0 0 0 27 42 0
cSH 1700 1700 716 1700 1700 1700 256 135
Volume to Capacity 0.35 0.21 0.10 0.39 0.39 0.02 0.28 0.14
Queue Length 95th (ft) 0 0 8 0 0 0 28 12
Control Delay (s) 0.0 0.0 10.6 0.0 0.0 0.0 24.6 35.9
Lane LOS B C E
Approach Delay (s) 0.0 0.5 24.6 35.9
Approach LOS C E

Intersection Summary

Average Delay 1.3
Intersection Capacity Utilization 47.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 1543 17 26 1058 27 17 16 34 2 11 0
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 0 1591 18 27 1091 28 18 16 35 2 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1119 1608 2204 2772 804 1983 2753 545
vC1, stage 1 conf vol 1599 1599 1144 1144
vC2, stage 2 conf vol 605 1172 839 1608
vCu, unblocked vol 1119 1608 2204 2772 804 1983 2753 545
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 93 83 87 89 99 90 100
cM capacity (veh/h) 620 402 104 132 326 149 116 482

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 1060 548 27 545 545 28 69 13
Volume Left 0 0 27 0 0 0 18 2
Volume Right 0 18 0 0 0 28 35 0
cSH 1700 1700 402 1700 1700 1700 172 120
Volume to Capacity 0.62 0.32 0.07 0.32 0.32 0.02 0.40 0.11
Queue Length 95th (ft) 0 0 5 0 0 0 44 9
Control Delay (s) 0.0 0.0 14.6 0.0 0.0 0.0 39.2 38.7
Lane LOS B E E
Approach Delay (s) 0.0 0.3 39.2 38.7
Approach LOS E E

Intersection Summary

Average Delay 1.3
Intersection Capacity Utilization 56.2% ICU Level of Service B
Analysis Period (min) 15
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Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 447 0 12 379 0 39
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 486 0 13 412 0 42
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 486 924 486
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 486 924 486
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 93
cM capacity (veh/h) 1077 295 581

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 486 13 412 42
Volume Left 0 13 0 0
Volume Right 0 0 0 42
cSH 1700 1077 1700 581
Volume to Capacity 0.29 0.01 0.24 0.07
Queue Length 95th (ft) 0 1 0 6
Control Delay (s) 0.0 8.4 0.0 11.7
Lane LOS A B
Approach Delay (s) 0.0 0.3 11.7
Approach LOS B

Intersection Summary

Average Delay 0.6
Intersection Capacity Utilization 33.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 496 0 17 349 0 39
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 539 0 18 379 0 42
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 539 955 539
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 539 955 539
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 92
cM capacity (veh/h) 1029 281 542

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 539 18 379 42
Volume Left 0 18 0 0
Volume Right 0 0 0 42
cSH 1700 1029 1700 542
Volume to Capacity 0.32 0.02 0.22 0.08
Queue Length 95th (ft) 0 1 0 6
Control Delay (s) 0.0 8.6 0.0 12.2
Lane LOS A B
Approach Delay (s) 0.0 0.4 12.2
Approach LOS B

Intersection Summary

Average Delay 0.7
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15
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Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 571 0 13 476 0 44
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 589 0 13 491 0 45
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 589 1106 589
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 589 1106 589
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 91
cM capacity (veh/h) 987 230 508

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 589 13 491 45
Volume Left 0 13 0 0
Volume Right 0 0 0 45
cSH 1700 987 1700 508
Volume to Capacity 0.35 0.01 0.29 0.09
Queue Length 95th (ft) 0 1 0 7
Control Delay (s) 0.0 8.7 0.0 12.8
Lane LOS A B
Approach Delay (s) 0.0 0.2 12.8
Approach LOS B

Intersection Summary

Average Delay 0.6
Intersection Capacity Utilization 40.1% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1731 1583 1770 1821
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1731 1583 1770 1821

Volume (vph) 63 860 227 37 1360 57 391 155 69 58 131 23
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 65 887 234 38 1402 59 403 160 71 60 135 24
RTOR Reduction (vph) 0 0 123 0 0 31 0 0 57 0 7 0
Lane Group Flow (vph) 65 887 111 38 1402 28 274 289 14 60 152 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 3.6 38.9 38.9 3.2 38.5 38.5 16.6 16.6 16.6 7.1 7.1
Effective Green, g (s) 3.6 38.9 38.9 3.2 38.5 38.5 16.6 16.6 16.6 7.1 7.1
Actuated g/C Ratio 0.04 0.48 0.48 0.04 0.47 0.47 0.20 0.20 0.20 0.09 0.09
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 78 1683 753 69 1666 745 341 351 321 154 158
v/s Ratio Prot c0.04 0.25 0.02 c0.40 0.16 c0.17 0.03 c0.08
v/s Ratio Perm 0.07 0.02 0.01
v/c Ratio 0.83 0.53 0.15 0.55 0.84 0.04 0.80 0.82 0.04 0.39 0.96
Uniform Delay, d1 38.8 15.0 12.1 38.6 19.0 11.7 31.0 31.2 26.2 35.3 37.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 50.3 0.3 0.1 9.2 4.0 0.0 12.8 14.4 0.1 1.6 59.5
Delay (s) 89.1 15.3 12.2 47.8 23.0 11.7 43.9 45.6 26.3 36.9 96.7
Level of Service F B B D C B D D C D F
Approach Delay (s) 18.7 23.2 42.7 80.3
Approach LOS B C D F

Intersection Summary

HCM Average Control Delay 28.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 81.8 Sum of lost time (s) 16.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.93
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1733 1583 1770 1741
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1733 1583 1770 1741

Volume (vph) 130 933 190 24 1028 48 240 101 54 51 129 99
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 134 962 196 25 1060 49 247 104 56 53 133 102
RTOR Reduction (vph) 0 0 107 0 0 29 0 0 47 0 30 0
Lane Group Flow (vph) 134 962 89 25 1060 20 171 180 9 53 205 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 6.2 35.3 35.3 2.1 31.2 31.2 12.6 12.6 12.6 11.6 11.6
Effective Green, g (s) 6.2 35.3 35.3 2.1 31.2 31.2 12.6 12.6 12.6 11.6 11.6
Actuated g/C Ratio 0.08 0.45 0.45 0.03 0.40 0.40 0.16 0.16 0.16 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 141 1610 720 48 1423 636 273 281 257 265 260
v/s Ratio Prot c0.08 0.27 0.01 c0.30 0.10 c0.10 0.03 c0.12
v/s Ratio Perm 0.06 0.01 0.01
v/c Ratio 0.95 0.60 0.12 0.52 0.74 0.03 0.63 0.64 0.04 0.20 0.79
Uniform Delay, d1 35.5 15.8 12.2 37.3 19.8 14.0 30.3 30.4 27.4 28.9 31.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 60.6 0.6 0.1 9.8 2.2 0.0 4.4 4.9 0.1 0.4 14.7
Delay (s) 96.1 16.4 12.3 47.1 22.0 14.1 34.7 35.3 27.4 29.3 46.5
Level of Service F B B D C B C D C C D
Approach Delay (s) 24.1 22.2 34.0 43.3
Approach LOS C C C D

Intersection Summary

HCM Average Control Delay 26.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 77.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 71.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1770 1583 1770 1640
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1770 1583 1770 1640

Volume (vph) 68 1331 502 47 1047 55 51 142 262 93 51 204
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 70 1372 518 48 1079 57 53 146 270 96 53 210
RTOR Reduction (vph) 0 0 271 0 0 31 0 0 165 0 160 0
Lane Group Flow (vph) 70 1372 247 48 1079 26 53 146 105 96 103 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 4.1 35.2 35.2 2.0 33.1 33.1 11.3 11.3 11.3 9.3 9.3
Effective Green, g (s) 4.1 35.2 35.2 2.0 33.1 33.1 11.3 11.3 11.3 9.3 9.3
Actuated g/C Ratio 0.06 0.48 0.48 0.03 0.45 0.45 0.15 0.15 0.15 0.13 0.13
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 98 1688 755 48 1587 710 257 271 242 223 207
v/s Ratio Prot c0.04 c0.39 0.03 0.30 0.03 c0.08 0.05 c0.06
v/s Ratio Perm 0.16 0.02 0.07
v/c Ratio 0.71 0.81 0.33 1.00 0.68 0.04 0.21 0.54 0.43 0.43 0.50
Uniform Delay, d1 34.3 16.5 12.0 35.9 16.1 11.4 27.3 28.8 28.3 29.8 30.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 21.8 3.1 0.3 129.9 1.2 0.0 0.4 2.1 1.2 1.3 1.9
Delay (s) 56.0 19.6 12.2 165.8 17.3 11.4 27.7 30.9 29.6 31.1 32.0
Level of Service E B B F B B C C C C C
Approach Delay (s) 18.9 23.1 29.8 31.7
Approach LOS B C C C

Intersection Summary

HCM Average Control Delay 22.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.68
Actuated Cycle Length (s) 73.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 78.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 201 21 143 985 1143 226
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 209 22 149 1026 1191 235
RTOR Reduction (vph) 0 18 0 0 0 114
Lane Group Flow (vph) 209 4 149 1026 1191 121

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 12.9 12.9 9.1 48.9 35.8 35.8
Effective Green, g (s) 12.9 12.9 9.1 48.9 35.8 35.8
Actuated g/C Ratio 0.18 0.18 0.13 0.70 0.51 0.51
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 327 293 231 2479 1815 812
v/s Ratio Prot c0.12 c0.08 0.29 c0.34
v/s Ratio Perm 0.00 0.08
v/c Ratio 0.64 0.01 0.65 0.41 0.66 0.15
Uniform Delay, d1 26.3 23.3 28.8 4.4 12.5 9.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.1 0.0 6.1 0.1 0.9 0.1
Delay (s) 30.4 23.3 34.9 4.5 13.3 9.0
Level of Service C C C A B A
Approach Delay (s) 29.7 8.4 12.6
Approach LOS C A B

Intersection Summary

HCM Average Control Delay 12.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 69.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 60.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 220 48 96 932 1133 227
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90
Adj. Flow (vph) 244 53 107 1036 1259 252
RTOR Reduction (vph) 0 43 0 0 0 122
Lane Group Flow (vph) 244 10 107 1036 1259 130

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 13.8 13.8 8.1 48.0 35.9 35.9
Effective Green, g (s) 13.8 13.8 8.1 48.0 35.9 35.9
Actuated g/C Ratio 0.20 0.20 0.12 0.69 0.51 0.51
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 350 313 205 2434 1820 814
v/s Ratio Prot c0.14 c0.06 0.29 c0.36
v/s Ratio Perm 0.01 0.08
v/c Ratio 0.70 0.03 0.52 0.43 0.69 0.16
Uniform Delay, d1 26.1 22.6 29.0 4.8 12.8 9.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.9 0.0 2.4 0.1 1.2 0.1
Delay (s) 32.0 22.7 31.4 4.9 13.9 9.1
Level of Service C C C A B A
Approach Delay (s) 30.3 7.4 13.1
Approach LOS C A B

Intersection Summary

HCM Average Control Delay 12.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 69.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 58.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 243 91 62 1461 1321 270
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 253 95 65 1522 1376 281
RTOR Reduction (vph) 0 75 0 0 0 125
Lane Group Flow (vph) 253 20 65 1522 1376 156

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 14.7 14.7 4.6 47.4 38.8 38.8
Effective Green, g (s) 14.7 14.7 4.6 47.4 38.8 38.8
Actuated g/C Ratio 0.21 0.21 0.07 0.68 0.55 0.55
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 371 332 116 2393 1959 876
v/s Ratio Prot c0.14 0.04 c0.43 c0.39
v/s Ratio Perm 0.01 0.10
v/c Ratio 0.68 0.06 0.56 0.64 0.70 0.18
Uniform Delay, d1 25.5 22.2 31.8 6.4 11.4 7.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.1 0.1 6.1 0.6 1.2 0.1
Delay (s) 30.6 22.2 37.8 7.0 12.6 7.8
Level of Service C C D A B A
Approach Delay (s) 28.4 8.3 11.8
Approach LOS C A B

Intersection Summary

HCM Average Control Delay 11.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 70.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 63.4% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1704 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1704 1583

Volume (vph) 61 885 99 45 956 1159 36 116 8 1065 140 104
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 61 885 99 45 956 1159 36 116 8 1065 140 104
RTOR Reduction (vph) 0 0 68 0 0 0 0 0 8 0 0 62
Lane Group Flow (vph) 61 885 31 45 956 1159 36 116 0 587 618 42

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 2.8 26.0 26.0 2.1 25.3 81.9 5.0 5.0 5.0 32.8 32.8 32.8
Effective Green, g (s) 2.8 26.0 26.0 2.1 25.3 81.9 5.0 5.0 5.0 32.8 32.8 32.8
Actuated g/C Ratio 0.03 0.32 0.32 0.03 0.31 1.00 0.06 0.06 0.06 0.40 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 61 1123 503 45 1093 1583 108 114 97 673 682 634
v/s Ratio Prot 0.03 0.25 0.03 c0.27 0.02 0.06 0.35 c0.36
v/s Ratio Perm 0.02 c0.73 0.00 0.03
v/c Ratio 1.00 0.79 0.06 1.00 0.87 0.73 0.33 1.02 0.01 0.87 0.91 0.07
Uniform Delay, d1 39.6 25.4 19.5 39.9 26.8 0.0 36.9 38.5 36.1 22.6 23.1 15.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 115.2 3.7 0.1 134.2 8.0 3.0 1.8 89.1 0.0 12.0 15.6 0.0
Delay (s) 154.8 29.2 19.5 174.1 34.8 3.0 38.7 127.5 36.1 34.6 38.7 15.2
Level of Service F C B F C A D F D C D B
Approach Delay (s) 35.6 20.6 103.0 35.0
Approach LOS D C F C

Intersection Summary

HCM Average Control Delay 30.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.86
Actuated Cycle Length (s) 81.9 Sum of lost time (s) 8.0
Intersection Capacity Utilization 79.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1702 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1702 1583

Volume (vph) 55 731 47 80 817 947 47 66 14 1170 142 85
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 56 746 48 82 834 966 48 67 14 1194 145 87
RTOR Reduction (vph) 0 0 35 0 0 0 0 0 13 0 0 49
Lane Group Flow (vph) 56 746 13 82 834 966 48 67 1 652 687 38

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 3.6 22.2 22.2 4.3 22.9 81.5 3.6 3.6 3.6 35.4 35.4 35.4
Effective Green, g (s) 3.6 22.2 22.2 4.3 22.9 81.5 3.6 3.6 3.6 35.4 35.4 35.4
Actuated g/C Ratio 0.04 0.27 0.27 0.05 0.28 1.00 0.04 0.04 0.04 0.43 0.43 0.43
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 78 964 431 93 994 1583 78 82 70 730 739 688
v/s Ratio Prot 0.03 0.21 0.05 c0.24 0.03 0.04 0.39 c0.40
v/s Ratio Perm 0.01 c0.61 0.00 0.02
v/c Ratio 0.72 0.77 0.03 0.88 0.84 0.61 0.62 0.82 0.01 0.89 0.93 0.05
Uniform Delay, d1 38.4 27.3 21.8 38.3 27.6 0.0 38.3 38.6 37.2 21.3 21.9 13.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 26.9 3.9 0.0 56.5 6.3 1.8 13.6 44.3 0.1 13.3 17.9 0.0
Delay (s) 65.3 31.3 21.8 94.9 33.9 1.8 51.8 83.0 37.3 34.6 39.8 13.4
Level of Service E C C F C A D F D C D B
Approach Delay (s) 33.0 20.1 66.4 35.8
Approach LOS C C E D

Intersection Summary

HCM Average Control Delay 29.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 81.5 Sum of lost time (s) 4.0
Intersection Capacity Utilization 78.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.97 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1708 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.97 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1708 1583

Volume (vph) 71 1152 135 80 725 1317 68 161 39 1074 177 162
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 72 1164 136 81 732 1330 69 163 39 1085 179 164
RTOR Reduction (vph) 0 0 91 0 0 0 0 0 36 0 0 104
Lane Group Flow (vph) 72 1164 45 81 732 1330 69 163 3 616 648 60

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 4.8 29.8 29.8 4.0 29.0 90.8 8.0 8.0 8.0 33.0 33.0 33.0
Effective Green, g (s) 4.8 29.8 29.8 4.0 29.0 90.8 8.0 8.0 8.0 33.0 33.0 33.0
Actuated g/C Ratio 0.05 0.33 0.33 0.04 0.32 1.00 0.09 0.09 0.09 0.36 0.36 0.36
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 1161 520 78 1130 1583 156 164 139 611 621 575
v/s Ratio Prot 0.04 c0.33 0.05 0.21 0.04 0.09 0.37 c0.38
v/s Ratio Perm 0.03 c0.84 0.00 0.04
v/c Ratio 0.77 1.00 0.09 1.04 0.65 0.84 0.44 0.99 0.02 1.01 1.04 0.10
Uniform Delay, d1 42.4 30.5 21.1 43.4 26.5 0.0 39.3 41.4 37.8 28.9 28.9 19.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 30.4 27.0 0.1 112.9 1.3 5.5 2.0 68.1 0.1 38.4 48.0 0.1
Delay (s) 72.8 57.5 21.2 156.3 27.8 5.5 41.3 109.5 37.9 67.3 76.9 19.2
Level of Service E E C F C A D F D E E B
Approach Delay (s) 54.7 18.8 81.8 66.1
Approach LOS D B F E

Intersection Summary

HCM Average Control Delay 44.5 HCM Level of Service D
HCM Volume to Capacity ratio 0.94
Actuated Cycle Length (s) 90.8 Sum of lost time (s) 4.0
Intersection Capacity Utilization 92.5% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.98 1.00 0.92
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (prot) 1770 4823 1770 5076 1681 1670 1770 1710
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (perm) 1770 4823 1770 5076 1681 1670 1770 1710

Volume (vph) 39 1301 683 70 1565 19 571 22 38 24 19 23
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 40 1328 697 71 1597 19 583 22 39 24 19 23
RTOR Reduction (vph) 0 100 0 0 1 0 0 5 0 0 22 0
Lane Group Flow (vph) 40 1925 0 71 1615 0 327 312 0 24 20 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 3.1 38.6 5.0 40.5 18.1 18.1 2.6 2.6
Effective Green, g (s) 3.1 38.6 5.0 40.5 18.1 18.1 2.6 2.6
Actuated g/C Ratio 0.04 0.48 0.06 0.50 0.23 0.23 0.03 0.03
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 68 2318 110 2560 379 376 57 55
v/s Ratio Prot 0.02 c0.40 c0.04 0.32 c0.19 0.19 c0.01 0.01
v/s Ratio Perm
v/c Ratio 0.59 0.83 0.65 0.63 0.86 0.83 0.42 0.36
Uniform Delay, d1 38.0 18.0 36.8 14.5 29.9 29.6 38.1 38.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.3 2.7 12.3 0.5 18.0 14.0 5.0 4.0
Delay (s) 50.3 20.7 49.1 15.0 47.9 43.6 43.1 42.0
Level of Service D C D B D D D D
Approach Delay (s) 21.3 16.4 45.8 42.4
Approach LOS C B D D

Intersection Summary

HCM Average Control Delay 23.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 80.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 78.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.94 1.00 1.00 1.00 0.97 1.00 0.92
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.97 0.95 1.00
Satd. Flow (prot) 1770 4793 1770 5067 1681 1659 1770 1720
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.97 0.95 1.00
Satd. Flow (perm) 1770 4793 1770 5067 1681 1659 1770 1720

Volume (vph) 57 1097 681 72 1544 39 584 58 81 50 41 43
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 61 1167 724 77 1643 41 621 62 86 53 44 46
RTOR Reduction (vph) 0 121 0 0 2 0 0 11 0 0 42 0
Lane Group Flow (vph) 61 1770 0 77 1682 0 386 372 0 53 48 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 6.6 34.8 4.4 32.6 18.1 18.1 6.4 6.4
Effective Green, g (s) 6.6 34.8 4.4 32.6 18.1 18.1 6.4 6.4
Actuated g/C Ratio 0.08 0.44 0.06 0.41 0.23 0.23 0.08 0.08
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 147 2093 98 2073 382 377 142 138
v/s Ratio Prot 0.03 c0.37 c0.04 0.33 c0.23 0.22 c0.03 0.03
v/s Ratio Perm
v/c Ratio 0.41 0.88dr 0.79 0.81 1.01 0.99 0.37 0.35
Uniform Delay, d1 34.7 20.1 37.2 20.8 30.8 30.7 34.7 34.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.9 3.3 32.8 2.5 48.7 42.5 1.7 1.5
Delay (s) 36.6 23.4 70.0 23.4 79.5 73.2 36.4 36.2
Level of Service D C E C E E D D
Approach Delay (s) 23.8 25.4 76.4 36.3
Approach LOS C C E D

Intersection Summary

HCM Average Control Delay 33.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 79.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 78.7% ICU Level of Service D
Analysis Period (min) 15
dr    Defacto Right Lane.  Recode with 1 though lane as a right lane.
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.98 1.00 0.94
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (prot) 1770 4845 1770 5081 1681 1666 1770 1745
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (perm) 1770 4845 1770 5081 1681 1666 1770 1745

Volume (vph) 24 1523 699 45 1262 8 875 10 54 28 28 21
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 24 1554 713 46 1288 8 893 10 55 29 29 21
RTOR Reduction (vph) 0 88 0 0 1 0 0 5 0 0 20 0
Lane Group Flow (vph) 24 2179 0 46 1295 0 495 458 0 29 30 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 1.9 41.1 2.8 42.0 24.2 24.2 3.9 3.9
Effective Green, g (s) 1.9 41.1 2.8 42.0 24.2 24.2 3.9 3.9
Actuated g/C Ratio 0.02 0.47 0.03 0.48 0.27 0.27 0.04 0.04
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 38 2263 56 2425 462 458 78 77
v/s Ratio Prot 0.01 c0.45 c0.03 0.25 c0.29 0.27 0.02 c0.02
v/s Ratio Perm
v/c Ratio 0.63 0.96 0.82 0.53 1.07 1.00 0.37 0.39
Uniform Delay, d1 42.7 22.7 42.4 16.1 31.9 31.9 40.9 40.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 29.5 11.4 60.2 0.2 62.3 41.7 3.0 3.2
Delay (s) 72.2 34.1 102.5 16.4 94.2 73.6 43.8 44.1
Level of Service E C F B F E D D
Approach Delay (s) 34.5 19.3 84.2 44.0
Approach LOS C B F D

Intersection Summary

HCM Average Control Delay 40.5 HCM Level of Service D
HCM Volume to Capacity ratio 0.96
Actuated Cycle Length (s) 88.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3481
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3481

Volume (vph) 59 368 195 104 302 105 182 764 126 111 721 88
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 62 387 205 109 318 111 192 804 133 117 759 93
RTOR Reduction (vph) 0 0 148 0 0 77 0 0 89 0 10 0
Lane Group Flow (vph) 62 387 57 109 318 34 192 804 44 117 842 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 4.0 21.1 21.1 6.1 23.2 23.2 9.2 24.7 24.7 7.5 23.0
Effective Green, g (s) 4.0 21.1 21.1 6.1 23.2 23.2 9.2 24.7 24.7 7.5 23.0
Actuated g/C Ratio 0.05 0.28 0.28 0.08 0.31 0.31 0.12 0.33 0.33 0.10 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 521 443 143 573 487 216 1159 519 176 1062
v/s Ratio Prot 0.04 c0.21 c0.06 0.17 c0.11 0.23 0.07 c0.24
v/s Ratio Perm 0.04 0.02 0.03
v/c Ratio 0.66 0.74 0.13 0.76 0.55 0.07 0.89 0.69 0.08 0.66 0.79
Uniform Delay, d1 35.0 24.7 20.3 33.9 21.8 18.5 32.6 22.1 17.5 32.7 24.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 15.5 5.7 0.1 21.0 1.2 0.1 32.6 1.8 0.1 9.1 4.1
Delay (s) 50.5 30.4 20.4 55.0 23.0 18.5 65.2 23.9 17.6 41.8 28.1
Level of Service D C C D C B E C B D C
Approach Delay (s) 29.2 28.5 30.2 29.8
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 29.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 75.4 Sum of lost time (s) 16.0
Intersection Capacity Utilization 71.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.99
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3498
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3498

Volume (vph) 81 271 174 91 277 155 147 824 92 117 883 74
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 82 274 176 92 280 157 148 832 93 118 892 75
RTOR Reduction (vph) 0 0 142 0 0 125 0 0 52 0 6 0
Lane Group Flow (vph) 82 274 34 92 280 32 148 832 41 118 961 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 5.1 15.8 15.8 5.9 16.6 16.6 8.9 36.0 36.0 8.0 35.1
Effective Green, g (s) 5.1 15.8 15.8 5.9 16.6 16.6 8.9 36.0 36.0 8.0 35.1
Actuated g/C Ratio 0.06 0.19 0.19 0.07 0.20 0.20 0.11 0.44 0.44 0.10 0.43
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 110 360 306 128 379 322 193 1559 698 173 1503
v/s Ratio Prot 0.05 0.15 c0.05 c0.15 c0.08 0.24 0.07 c0.27
v/s Ratio Perm 0.02 0.02 0.03
v/c Ratio 0.75 0.76 0.11 0.72 0.74 0.10 0.77 0.53 0.06 0.68 0.64
Uniform Delay, d1 37.7 31.2 27.2 37.1 30.5 26.5 35.4 16.7 13.1 35.6 18.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 23.7 9.2 0.2 17.5 7.4 0.1 16.5 1.3 0.2 10.6 2.1
Delay (s) 61.3 40.3 27.3 54.6 37.9 26.6 51.9 18.0 13.3 46.2 20.4
Level of Service E D C D D C D B B D C
Approach Delay (s) 39.3 37.4 22.3 23.2
Approach LOS D D C C

Intersection Summary

HCM Average Control Delay 27.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 81.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 67.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3440
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3440

Volume (vph) 141 496 159 40 364 236 135 595 111 199 698 161
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 142 501 161 40 368 238 136 601 112 201 705 163
RTOR Reduction (vph) 0 0 104 0 0 171 0 0 80 0 22 0
Lane Group Flow (vph) 142 501 57 40 368 67 136 601 32 201 846 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 7.4 26.5 26.5 2.0 21.1 21.1 7.3 21.2 21.2 9.3 23.2
Effective Green, g (s) 7.4 26.5 26.5 2.0 21.1 21.1 7.3 21.2 21.2 9.3 23.2
Actuated g/C Ratio 0.10 0.35 0.35 0.03 0.28 0.28 0.10 0.28 0.28 0.12 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 175 658 559 47 524 445 172 1000 447 219 1064
v/s Ratio Prot c0.08 c0.27 0.02 0.20 0.08 0.17 c0.11 c0.25
v/s Ratio Perm 0.04 0.04 0.02
v/c Ratio 0.81 0.76 0.10 0.85 0.70 0.15 0.79 0.60 0.07 0.92 0.80
Uniform Delay, d1 33.1 21.5 16.3 36.4 24.1 20.2 33.1 23.2 19.7 32.5 23.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 24.0 5.2 0.1 77.3 4.2 0.2 21.4 1.0 0.1 38.5 4.2
Delay (s) 57.1 26.6 16.3 113.6 28.4 20.4 54.5 24.3 19.8 71.0 27.9
Level of Service E C B F C C D C B E C
Approach Delay (s) 30.0 30.7 28.5 36.0
Approach LOS C C C D

Intersection Summary

HCM Average Control Delay 31.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 74.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 133 586 161 262 587 204 175 1127 527 329 953 116
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 140 617 169 276 618 215 184 1186 555 346 1003 122
RTOR Reduction (vph) 0 0 139 0 0 174 0 0 162 0 0 71
Lane Group Flow (vph) 140 617 30 276 618 41 184 1186 393 346 1003 51

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 7.0 16.0 16.0 8.0 17.0 17.0 12.2 32.0 32.0 18.0 37.8 37.8
Effective Green, g (s) 7.0 16.0 16.0 8.0 17.0 17.0 12.2 32.0 32.0 18.0 37.8 37.8
Actuated g/C Ratio 0.08 0.18 0.18 0.09 0.19 0.19 0.14 0.36 0.36 0.20 0.42 0.42
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 138 629 281 305 668 299 240 1258 563 354 1486 665
v/s Ratio Prot 0.08 0.17 c0.08 c0.17 0.10 c0.34 c0.20 0.28
v/s Ratio Perm 0.02 0.03 0.25 0.03
v/c Ratio 1.01 0.98 0.11 0.90 0.93 0.14 0.77 0.94 0.70 0.98 0.67 0.08
Uniform Delay, d1 41.5 36.8 31.0 40.6 35.9 30.4 37.5 28.1 24.9 35.8 21.1 15.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 80.5 30.9 0.2 28.4 18.7 0.2 13.6 13.9 3.8 41.3 1.2 0.0
Delay (s) 122.0 67.8 31.2 69.0 54.6 30.6 51.1 42.0 28.6 77.1 22.4 15.7
Level of Service F E C E D C D D C E C B
Approach Delay (s) 69.3 53.5 39.0 34.7
Approach LOS E D D C

Intersection Summary

HCM Average Control Delay 46.0 HCM Level of Service D
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 86.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 128 594 138 196 573 168 105 1091 520 363 1059 119
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 131 606 141 200 585 171 107 1113 531 370 1081 121
RTOR Reduction (vph) 0 0 115 0 0 141 0 0 149 0 0 64
Lane Group Flow (vph) 131 606 26 200 585 30 107 1113 382 370 1081 57

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 7.0 17.0 17.0 6.0 16.0 16.0 8.7 31.7 31.7 20.0 43.0 43.0
Effective Green, g (s) 7.0 17.0 17.0 6.0 16.0 16.0 8.7 31.7 31.7 20.0 43.0 43.0
Actuated g/C Ratio 0.08 0.19 0.19 0.07 0.18 0.18 0.10 0.35 0.35 0.22 0.47 0.47
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 137 663 297 227 624 279 170 1237 553 390 1678 750
v/s Ratio Prot c0.07 c0.17 0.06 0.17 0.06 c0.31 c0.21 0.31
v/s Ratio Perm 0.02 0.02 0.24 0.04
v/c Ratio 0.96 0.91 0.09 0.88 0.94 0.11 0.63 0.90 0.69 0.95 0.64 0.08
Uniform Delay, d1 41.7 36.1 30.5 42.0 36.9 31.4 39.4 28.0 25.3 34.8 18.1 13.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 62.9 17.1 0.1 30.3 21.7 0.2 7.1 9.0 3.7 32.2 0.9 0.0
Delay (s) 104.6 53.3 30.6 72.3 58.5 31.5 46.6 37.0 29.0 67.1 18.9 13.1
Level of Service F D C E E C D D C E B B
Approach Delay (s) 57.3 56.6 35.1 29.8
Approach LOS E E D C

Intersection Summary

HCM Average Control Delay 41.3 HCM Level of Service D
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 90.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 86.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 154 608 63 714 686 199 112 892 439 473 580 144
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 167 661 68 776 746 216 122 970 477 514 630 157
RTOR Reduction (vph) 0 0 57 0 0 163 0 0 261 0 0 100
Lane Group Flow (vph) 167 661 11 776 746 53 122 970 216 514 630 57

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 9.0 14.0 14.0 17.0 22.0 22.0 10.4 22.0 22.0 21.0 32.6 32.6
Effective Green, g (s) 9.0 14.0 14.0 17.0 22.0 22.0 10.4 22.0 22.0 21.0 32.6 32.6
Actuated g/C Ratio 0.10 0.16 0.16 0.19 0.24 0.24 0.12 0.24 0.24 0.23 0.36 0.36
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 177 551 246 648 865 387 205 865 387 413 1282 573
v/s Ratio Prot 0.09 c0.19 c0.23 0.21 0.07 c0.27 c0.29 0.18
v/s Ratio Perm 0.01 0.03 0.14 0.04
v/c Ratio 0.94 1.20 0.04 1.20 0.86 0.14 0.60 1.12 0.56 1.24 0.49 0.10
Uniform Delay, d1 40.2 38.0 32.3 36.5 32.6 26.6 37.8 34.0 29.8 34.5 22.3 19.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 51.0 106.4 0.1 103.4 8.9 0.2 4.6 69.7 1.8 129.0 0.3 0.1
Delay (s) 91.3 144.4 32.4 139.9 41.4 26.7 42.4 103.7 31.5 163.5 22.6 19.1
Level of Service F F C F D C D F C F C B
Approach Delay (s) 126.0 83.5 77.0 77.8
Approach LOS F F E E

Intersection Summary

HCM Average Control Delay 87.2 HCM Level of Service F
HCM Volume to Capacity ratio 1.19
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 101.4% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4968 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4968 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 84 622 113 604 1345 200 165 527 536 191 587 104
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 86 635 115 616 1372 204 168 538 547 195 599 106
RTOR Reduction (vph) 0 29 0 0 0 117 0 0 40 0 0 84
Lane Group Flow (vph) 86 721 0 616 1372 87 168 538 507 195 599 22

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 4.5 20.3 20.1 35.9 35.9 9.8 16.3 36.4 11.3 17.8 17.8
Effective Green, g (s) 4.5 20.3 20.1 35.9 35.9 9.8 16.3 36.4 11.3 17.8 17.8
Actuated g/C Ratio 0.05 0.24 0.24 0.43 0.43 0.12 0.19 0.43 0.13 0.21 0.21
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 95 1201 821 1513 677 207 687 761 238 750 335
v/s Ratio Prot 0.05 0.15 0.18 c0.39 0.09 0.15 c0.16 c0.11 c0.17
v/s Ratio Perm 0.06 0.16 0.01
v/c Ratio 0.91 0.60 0.75 0.91 0.13 0.81 0.78 0.67 0.82 0.80 0.07
Uniform Delay, d1 39.5 28.3 29.6 22.5 14.6 36.2 32.2 19.0 35.4 31.4 26.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 62.0 0.9 3.9 8.1 0.1 20.9 5.8 2.2 19.3 5.9 0.1
Delay (s) 101.5 29.1 33.5 30.6 14.7 57.1 38.0 21.2 54.6 37.4 26.5
Level of Service F C C C B E D C D D C
Approach Delay (s) 36.6 30.0 33.2 39.8
Approach LOS D C C D

Intersection Summary

HCM Average Control Delay 33.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 84.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 80.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4989 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4989 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 50 652 94 497 1068 126 103 551 453 108 487 62
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 686 99 523 1124 133 108 580 477 114 513 65
RTOR Reduction (vph) 0 20 0 0 0 75 0 0 70 0 0 50
Lane Group Flow (vph) 53 765 0 523 1124 58 108 580 407 114 513 15

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 2.5 19.5 16.6 33.6 33.6 7.2 17.1 33.7 7.3 17.2 17.2
Effective Green, g (s) 2.5 19.5 16.6 33.6 33.6 7.2 17.1 33.7 7.3 17.2 17.2
Actuated g/C Ratio 0.03 0.25 0.22 0.44 0.44 0.09 0.22 0.44 0.10 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 58 1272 745 1554 695 167 791 780 169 796 356
v/s Ratio Prot 0.03 0.15 c0.15 c0.32 0.06 c0.16 c0.11 c0.06 0.14
v/s Ratio Perm 0.04 0.14 0.01
v/c Ratio 0.91 0.60 0.70 0.72 0.08 0.65 0.73 0.52 0.67 0.64 0.04
Uniform Delay, d1 36.9 25.1 27.7 17.6 12.5 33.4 27.6 15.5 33.5 26.9 23.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 86.9 0.8 3.0 1.7 0.1 8.3 3.5 0.6 10.2 1.8 0.0
Delay (s) 123.8 25.9 30.7 19.3 12.5 41.7 31.1 16.2 43.6 28.7 23.2
Level of Service F C C B B D C B D C C
Approach Delay (s) 32.1 22.2 26.0 30.6
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 26.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 76.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 67.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4979 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4979 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 121 1309 212 480 874 151 129 604 729 115 636 74
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 122 1322 214 485 883 153 130 610 736 116 642 75
RTOR Reduction (vph) 0 25 0 0 0 89 0 0 12 0 0 59
Lane Group Flow (vph) 122 1511 0 485 883 64 130 610 724 116 642 16

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 10.3 28.0 20.0 37.7 37.7 7.0 19.5 39.5 6.0 18.5 18.5
Effective Green, g (s) 10.3 28.0 20.0 37.7 37.7 7.0 19.5 39.5 6.0 18.5 18.5
Actuated g/C Ratio 0.12 0.31 0.22 0.42 0.42 0.08 0.22 0.44 0.07 0.21 0.21
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 204 1558 767 1491 667 138 771 769 119 732 327
v/s Ratio Prot 0.07 c0.30 0.14 0.25 c0.07 0.17 c0.21 0.07 0.18
v/s Ratio Perm 0.04 0.25 0.01
v/c Ratio 0.60 0.97 0.63 0.59 0.10 0.94 0.79 0.94 0.97 0.88 0.05
Uniform Delay, d1 37.6 30.3 31.4 20.0 15.6 41.0 33.1 23.9 41.7 34.4 28.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.7 16.2 1.7 0.6 0.1 58.8 5.6 19.5 74.0 11.5 0.1
Delay (s) 42.3 46.5 33.1 20.6 15.7 99.9 38.6 43.4 115.7 45.9 28.5
Level of Service D D C C B F D D F D C
Approach Delay (s) 46.2 24.1 46.4 54.1
Approach LOS D C D D

Intersection Summary

HCM Average Control Delay 41.3 HCM Level of Service D
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 89.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 91.5% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 449 829 1621 0 0 381
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 454 837 1637 0 0 385
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1637 2963 819
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1637 2963 819
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 0 0 0
cM capacity (veh/h) 392 0 319

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 454 419 419 819 819 385
Volume Left 454 0 0 0 0 0
Volume Right 0 0 0 0 0 385
cSH 392 1700 1700 1700 1700 319
Volume to Capacity 1.16 0.25 0.25 0.48 0.48 1.21
Queue Length 95th (ft) 436 0 0 0 0 421
Control Delay (s) 127.3 0.0 0.0 0.0 0.0 154.2
Lane LOS F F
Approach Delay (s) 44.7 0.0 154.2
Approach LOS F

Intersection Summary

Average Delay 35.3
Intersection Capacity Utilization 76.4% ICU Level of Service D
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 490 946 1320 0 0 351
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 495 956 1333 0 0 355
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1333 2801 667
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1333 2801 667
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 4 100 12
cM capacity (veh/h) 513 1 402

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 495 478 478 667 667 355
Volume Left 495 0 0 0 0 0
Volume Right 0 0 0 0 0 355
cSH 513 1700 1700 1700 1700 402
Volume to Capacity 0.96 0.28 0.28 0.39 0.39 0.88
Queue Length 95th (ft) 313 0 0 0 0 224
Control Delay (s) 59.7 0.0 0.0 0.0 0.0 52.9
Lane LOS F F
Approach Delay (s) 20.4 0.0 52.9
Approach LOS F

Intersection Summary

Average Delay 15.4
Intersection Capacity Utilization 70.3% ICU Level of Service C
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 573 1583 1095 0 0 478
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 591 1632 1129 0 0 493
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1129 3126 564
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1129 3126 564
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 4 100 0
cM capacity (veh/h) 615 0 469

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 591 816 816 564 564 493
Volume Left 591 0 0 0 0 0
Volume Right 0 0 0 0 0 493
cSH 615 1700 1700 1700 1700 469
Volume to Capacity 0.96 0.48 0.48 0.33 0.33 1.05
Queue Length 95th (ft) 337 0 0 0 0 380
Control Delay (s) 53.2 0.0 0.0 0.0 0.0 85.7
Lane LOS F F
Approach Delay (s) 14.1 0.0 85.7
Approach LOS F

Intersection Summary

Average Delay 19.2
Intersection Capacity Utilization 68.7% ICU Level of Service C
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3509 3433 3539 1583 1827 1583 2916 1346
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3509 3433 3539 1583 1827 1583 2916 1346

Volume (vph) 0 944 57 296 1372 146 101 158 233 130 75 20
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 0 983 59 308 1429 152 105 165 243 135 78 21
RTOR Reduction (vph) 0 5 0 0 0 56 0 0 210 0 0 19
Lane Group Flow (vph) 0 1037 0 308 1429 96 0 270 33 0 213 2
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 20% 20% 20%

Turn Type Prot Perm Split Over Split Perm
Protected Phases 4 3 8 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 27.9 10.8 42.7 42.7 15.8 10.8 9.3 9.3
Effective Green, g (s) 27.9 10.8 42.7 42.7 15.8 10.8 9.3 9.3
Actuated g/C Ratio 0.35 0.14 0.54 0.54 0.20 0.14 0.12 0.12
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1227 465 1894 847 362 214 340 157
v/s Ratio Prot c0.30 0.09 c0.40 c0.15 0.02 c0.07
v/s Ratio Perm 0.06 0.00
v/c Ratio 0.85 0.66 0.75 0.11 0.75 0.15 0.63 0.02
Uniform Delay, d1 24.0 32.8 14.5 9.2 30.1 30.5 33.6 31.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.5 3.5 1.8 0.1 8.1 0.3 3.6 0.0
Delay (s) 29.5 36.3 16.2 9.2 38.2 30.8 37.2 31.2
Level of Service C D B A D C D C
Approach Delay (s) 29.5 18.9 34.7 36.6
Approach LOS C B C D

Intersection Summary

HCM Average Control Delay 25.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 79.8 Sum of lost time (s) 16.0
Intersection Capacity Utilization 70.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3512 3433 3539 1583 1834 1583 2924 1346
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3512 3433 3539 1583 1834 1583 2924 1346

Volume (vph) 0 950 51 289 1248 162 63 135 284 166 121 33
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 0 990 53 301 1300 169 66 141 296 173 126 34
RTOR Reduction (vph) 0 5 0 0 0 68 0 0 62 0 0 29
Lane Group Flow (vph) 0 1038 0 301 1300 101 0 207 234 0 299 5
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 20% 20% 20%

Turn Type Prot Perm Split pt+ov Split Perm
Protected Phases 4 3 8 6 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 27.9 10.3 42.2 42.2 13.3 27.6 12.1 12.1
Effective Green, g (s) 27.9 10.3 42.2 42.2 13.3 27.6 12.1 12.1
Actuated g/C Ratio 0.35 0.13 0.53 0.53 0.17 0.35 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1231 444 1876 839 306 549 444 205
v/s Ratio Prot c0.30 0.09 c0.37 c0.11 0.15 c0.10
v/s Ratio Perm 0.06 0.00
v/c Ratio 0.84 0.68 0.69 0.12 0.68 0.43 0.67 0.03
Uniform Delay, d1 23.8 33.1 13.9 9.4 31.1 19.9 31.9 28.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.4 4.1 1.1 0.1 5.8 0.5 4.0 0.0
Delay (s) 29.3 37.2 15.0 9.4 36.9 20.5 35.9 28.8
Level of Service C D B A D C D C
Approach Delay (s) 29.3 18.2 27.2 35.2
Approach LOS C B C D

Intersection Summary

HCM Average Control Delay 24.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 79.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 69.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3513 3433 3539 1583 1833 1583 3192 1468
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3513 3433 3539 1583 1833 1583 3192 1468

Volume (vph) 0 1437 74 366 1035 173 93 195 500 204 157 35
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 1466 76 373 1056 177 95 199 510 208 160 36
RTOR Reduction (vph) 0 4 0 0 0 75 0 0 13 0 0 32
Lane Group Flow (vph) 0 1538 0 373 1056 102 0 294 497 0 368 4
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 10% 10% 10%

Turn Type Prot Perm Split pt+ov Split Perm
Protected Phases 4 3 8 6 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 37.0 11.0 52.0 52.0 17.0 32.0 9.0 9.0
Effective Green, g (s) 37.0 11.0 52.0 52.0 17.0 32.0 9.0 9.0
Actuated g/C Ratio 0.41 0.12 0.58 0.58 0.19 0.36 0.10 0.10
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1444 420 2045 915 346 563 319 147
v/s Ratio Prot c0.44 0.11 0.30 0.16 c0.31 c0.12
v/s Ratio Perm 0.06 0.00
v/c Ratio 1.07 0.89 0.52 0.11 0.85 0.88 1.27dl 0.02
Uniform Delay, d1 26.5 38.9 11.4 8.6 35.3 27.2 40.5 36.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 43.1 19.7 0.2 0.1 17.4 15.1 98.8 0.1
Delay (s) 69.6 58.6 11.7 8.6 52.7 42.4 139.3 36.6
Level of Service E E B A D D F D
Approach Delay (s) 69.6 22.2 46.1 130.1
Approach LOS E C D F

Intersection Summary

HCM Average Control Delay 53.4 HCM Level of Service D
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 94.3% ICU Level of Service F
Analysis Period (min) 15
dl    Defacto Left Lane.  Recode with 1 though lane as a left lane.
c    Critical Lane Group
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 182 1022 1512 11 0 156
Peak Hour Factor 0.98 0.98 0.98 0.98 0.98 0.98
Hourly flow rate (vph) 186 1043 1543 11 0 159
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 663 984
pX, platoon unblocked 0.65 0.70 0.65
vC, conflicting volume 1554 2441 777
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1309 2130 105
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 45 100 73
cM capacity (veh/h) 339 14 599

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 186 521 521 1029 526 159
Volume Left 186 0 0 0 0 0
Volume Right 0 0 0 0 11 159
cSH 339 1700 1700 1700 1700 599
Volume to Capacity 0.55 0.31 0.31 0.61 0.31 0.27
Queue Length 95th (ft) 78 0 0 0 0 27
Control Delay (s) 27.8 0.0 0.0 0.0 0.0 13.2
Lane LOS D B
Approach Delay (s) 4.2 0.0 13.2
Approach LOS B

Intersection Summary

Average Delay 2.5
Intersection Capacity Utilization 58.9% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 176 1102 1407 15 0 164
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 185 1160 1481 16 0 173
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 663 984
pX, platoon unblocked 0.71 0.76 0.71
vC, conflicting volume 1497 2439 748
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1286 2114 225
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 51 100 69
cM capacity (veh/h) 377 17 549

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 185 580 580 987 509 173
Volume Left 185 0 0 0 0 0
Volume Right 0 0 0 0 16 173
cSH 377 1700 1700 1700 1700 549
Volume to Capacity 0.49 0.34 0.34 0.58 0.30 0.31
Queue Length 95th (ft) 65 0 0 0 0 33
Control Delay (s) 23.4 0.0 0.0 0.0 0.0 14.5
Lane LOS C B
Approach Delay (s) 3.2 0.0 14.5
Approach LOS B

Intersection Summary

Average Delay 2.3
Intersection Capacity Utilization 56.2% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 130 1493 1225 9 0 181
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 131 1508 1237 9 0 183
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 657 984
pX, platoon unblocked 0.83 0.78 0.83
vC, conflicting volume 1246 2259 623
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1089 1667 335
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 75 100 67
cM capacity (veh/h) 526 51 546

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 131 754 754 825 422 183
Volume Left 131 0 0 0 0 0
Volume Right 0 0 0 0 9 183
cSH 526 1700 1700 1700 1700 546
Volume to Capacity 0.25 0.44 0.44 0.49 0.25 0.33
Queue Length 95th (ft) 24 0 0 0 0 37
Control Delay (s) 14.1 0.0 0.0 0.0 0.0 14.9
Lane LOS B B
Approach Delay (s) 1.1 0.0 14.9
Approach LOS B

Intersection Summary

Average Delay 1.5
Intersection Capacity Utilization 52.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 149 44 26 271 201 121
Peak Hour Factor 0.85 0.85 0.85 0.85 0.85 0.85
Hourly flow rate (vph) 175 52 31 319 236 142
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked
vC, conflicting volume 616 236 379
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 616 236 379
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 60 94 97
cM capacity (veh/h) 442 803 1180

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 175 52 349 236 142
Volume Left 175 0 31 0 0
Volume Right 0 52 0 0 142
cSH 442 803 1180 1700 1700
Volume to Capacity 0.40 0.06 0.03 0.14 0.08
Queue Length 95th (ft) 47 5 2 0 0
Control Delay (s) 18.4 9.8 0.9 0.0 0.0
Lane LOS C A A
Approach Delay (s) 16.4 0.9 0.0
Approach LOS C

Intersection Summary

Average Delay 4.3
Intersection Capacity Utilization 44.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 163 28 25 296 244 143
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90
Hourly flow rate (vph) 181 31 28 329 271 159
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked
vC, conflicting volume 656 271 430
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 656 271 430
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 57 96 98
cM capacity (veh/h) 420 768 1129

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 181 31 357 271 159
Volume Left 181 0 28 0 0
Volume Right 0 31 0 0 159
cSH 420 768 1129 1700 1700
Volume to Capacity 0.43 0.04 0.02 0.16 0.09
Queue Length 95th (ft) 53 3 2 0 0
Control Delay (s) 19.9 9.9 0.9 0.0 0.0
Lane LOS C A A
Approach Delay (s) 18.4 0.9 0.0
Approach LOS C

Intersection Summary

Average Delay 4.2
Intersection Capacity Utilization 48.8% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 108 32 48 330 356 189
Peak Hour Factor 0.80 0.80 0.80 0.80 0.80 0.80
Hourly flow rate (vph) 135 40 60 412 445 236
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked 0.98
vC, conflicting volume 978 445 681
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 977 445 681
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 47 93 93
cM capacity (veh/h) 254 613 911

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 135 40 472 445 236
Volume Left 135 0 60 0 0
Volume Right 0 40 0 0 236
cSH 254 613 911 1700 1700
Volume to Capacity 0.53 0.07 0.07 0.26 0.14
Queue Length 95th (ft) 72 5 5 0 0
Control Delay (s) 34.3 11.3 1.9 0.0 0.0
Lane LOS D B A
Approach Delay (s) 29.0 1.9 0.0
Approach LOS D

Intersection Summary

Average Delay 4.5
Intersection Capacity Utilization 54.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 1 0 7 179 0 1 4 163 214 12 172 2
Peak Hour Factor 0.92 0.92 0.92 0.85 0.92 0.85 0.92 0.85 0.85 0.85 0.85 0.92
Hourly flow rate (vph) 1 0 8 211 0 1 4 192 252 14 202 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 433 684 203 566 559 318 205 444
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 433 684 203 566 559 318 205 444
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 99 51 100 100 100 99
cM capacity (veh/h) 525 365 837 426 431 723 1367 1117

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1

Volume Total 9 212 4 444 219
Volume Left 1 211 4 0 14
Volume Right 8 1 0 252 2
cSH 779 427 1367 1700 1117
Volume to Capacity 0.01 0.50 0.00 0.26 0.01
Queue Length 95th (ft) 1 67 0 0 1
Control Delay (s) 9.7 21.4 7.6 0.0 0.6
Lane LOS A C A A
Approach Delay (s) 9.7 21.4 0.1 0.6
Approach LOS A C

Intersection Summary

Average Delay 5.4
Intersection Capacity Utilization 45.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 1 0 12 188 0 9 5 180 265 17 184 1
Peak Hour Factor 0.92 0.92 0.92 0.85 0.92 0.85 0.92 0.85 0.85 0.85 0.85 0.92
Hourly flow rate (vph) 1 0 13 221 0 11 5 212 312 20 216 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 490 791 217 649 636 368 218 524
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 490 791 217 649 636 368 218 524
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 98 40 100 98 100 98
cM capacity (veh/h) 472 314 823 370 386 678 1352 1043

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1

Volume Total 14 232 5 524 238
Volume Left 1 221 5 0 20
Volume Right 13 11 0 312 1
cSH 778 378 1352 1700 1043
Volume to Capacity 0.02 0.61 0.00 0.31 0.02
Queue Length 95th (ft) 1 98 0 0 1
Control Delay (s) 9.7 28.5 7.7 0.0 0.9
Lane LOS A D A A
Approach Delay (s) 9.7 28.5 0.1 0.9
Approach LOS A D

Intersection Summary

Average Delay 6.9
Intersection Capacity Utilization 50.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 0 2 7 270 0 2 7 209 268 6 263 3
Peak Hour Factor 0.92 0.92 0.92 0.89 0.92 0.89 0.92 0.89 0.89 0.89 0.89 0.92
Hourly flow rate (vph) 0 2 8 303 0 2 8 235 301 7 296 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 561 860 296 718 713 385 299 536
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 561 860 296 718 713 385 299 536
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 99 99 10 100 100 99 99
cM capacity (veh/h) 432 290 744 335 353 662 1262 1032

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1 SB 2

Volume Total 10 306 8 536 302 3
Volume Left 0 303 8 0 7 0
Volume Right 8 2 0 301 0 3
cSH 552 337 1262 1700 1032 1700
Volume to Capacity 0.02 0.91 0.01 0.32 0.01 0.00
Queue Length 95th (ft) 1 224 0 0 0 0
Control Delay (s) 11.6 64.3 7.9 0.0 0.3 0.0
Lane LOS B F A A
Approach Delay (s) 11.6 64.3 0.1 0.3
Approach LOS B F

Intersection Summary

Average Delay 17.1
Intersection Capacity Utilization 55.8% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.87 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5069 1770 1619 1777 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.73 1.00 0.71 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5069 1351 1619 1326 1583

Volume (vph) 51 1199 82 64 1549 33 50 4 26 46 2 46
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 52 1223 84 65 1581 34 51 4 27 47 2 47
RTOR Reduction (vph) 0 0 28 0 1 0 0 25 0 0 0 43
Lane Group Flow (vph) 52 1223 56 65 1614 0 51 6 0 0 49 4

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 3.7 48.9 48.9 6.0 51.2 6.2 6.2 6.2 6.2
Effective Green, g (s) 3.7 48.9 48.9 6.0 51.2 6.2 6.2 6.2 6.2
Actuated g/C Ratio 0.05 0.67 0.67 0.08 0.70 0.08 0.08 0.08 0.08
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 90 2367 1059 145 3550 115 137 112 134
v/s Ratio Prot 0.03 c0.35 c0.04 0.32 0.00
v/s Ratio Perm 0.04 c0.04 0.04 0.00
v/c Ratio 0.58 0.52 0.05 0.45 0.45 0.44 0.05 0.44 0.03
Uniform Delay, d1 33.9 6.1 4.2 32.0 4.8 31.8 30.7 31.8 30.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 8.7 0.2 0.0 2.2 0.1 2.7 0.1 2.7 0.1
Delay (s) 42.6 6.3 4.2 34.2 4.9 34.5 30.9 34.5 30.8
Level of Service D A A C A C C C C
Approach Delay (s) 7.6 6.0 33.1 32.7
Approach LOS A A C C

Intersection Summary

HCM Average Control Delay 8.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 73.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 56.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030 Alternative A - MID-AM
14: Ka'ahumanu Av & Wharf St

7/27/2007 Synchro 6 Report
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.87 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5063 1770 1623 1777 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.71 1.00 0.69 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5063 1328 1623 1286 1583

Volume (vph) 62 1066 99 79 1501 45 91 8 47 63 2 62
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 65 1122 104 83 1580 47 96 8 49 66 2 65
RTOR Reduction (vph) 0 0 37 0 2 0 0 44 0 0 0 58
Lane Group Flow (vph) 65 1122 67 83 1625 0 96 13 0 0 68 7

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 5.6 46.0 46.0 6.2 46.6 7.6 7.6 7.6 7.6
Effective Green, g (s) 5.6 46.0 46.0 6.2 46.6 7.6 7.6 7.6 7.6
Actuated g/C Ratio 0.08 0.64 0.64 0.09 0.65 0.11 0.11 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 138 2267 1014 153 3286 141 172 136 168
v/s Ratio Prot 0.04 0.32 c0.05 c0.32 0.01
v/s Ratio Perm 0.04 c0.07 0.05 0.00
v/c Ratio 0.47 0.49 0.07 0.54 0.49 0.68 0.08 0.50 0.04
Uniform Delay, d1 31.7 6.8 4.8 31.4 6.5 30.9 28.9 30.3 28.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.5 0.2 0.0 3.9 0.1 12.7 0.2 2.9 0.1
Delay (s) 34.2 7.0 4.9 35.3 6.6 43.6 29.1 33.2 28.9
Level of Service C A A D A D C C C
Approach Delay (s) 8.2 8.0 38.2 31.1
Approach LOS A A D C

Intersection Summary

HCM Average Control Delay 10.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 71.8 Sum of lost time (s) 8.0
Intersection Capacity Utilization 55.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030+Project Alternative A - PM
14: Ka'ahumanu Av & Wharf St
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.86 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5073 1770 1598 1788 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.72 1.00 0.74 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5073 1345 1598 1385 1583

Volume (vph) 34 1452 124 97 1141 19 140 4 72 44 9 48
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 35 1482 127 99 1164 19 143 4 73 45 9 49
RTOR Reduction (vph) 0 0 52 0 1 0 0 61 0 0 0 41
Lane Group Flow (vph) 35 1482 75 99 1182 0 143 16 0 0 54 8

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 1.7 46.7 46.7 7.4 52.4 13.1 13.1 13.1 13.1
Effective Green, g (s) 1.7 46.7 46.7 7.4 52.4 13.1 13.1 13.1 13.1
Actuated g/C Ratio 0.02 0.59 0.59 0.09 0.66 0.17 0.17 0.17 0.17
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 38 2087 933 165 3356 222 264 229 262
v/s Ratio Prot 0.02 c0.42 c0.06 0.23 0.01
v/s Ratio Perm 0.05 c0.11 0.04 0.01
v/c Ratio 0.92 0.71 0.08 0.60 0.35 0.64 0.06 0.24 0.03
Uniform Delay, d1 38.7 11.5 7.0 34.5 5.9 30.9 27.9 28.7 27.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 114.3 1.2 0.0 5.8 0.1 6.3 0.1 0.5 0.0
Delay (s) 153.0 12.6 7.0 40.2 6.0 37.1 28.0 29.2 27.8
Level of Service F B A D A D C C C
Approach Delay (s) 15.2 8.6 33.9 28.5
Approach LOS B A C C

Intersection Summary

HCM Average Control Delay 14.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.68
Actuated Cycle Length (s) 79.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 69.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030+Project Alternative A - AM
81: Hana Hwy & Hanakai St
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 817 12 90 1613 19 8 21 26 2 10 0
Peak Hour Factor 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Hourly flow rate (vph) 0 842 12 93 1663 21 8 23 27 2 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1684 855 1871 2718 427 2308 2703 831
vC1, stage 1 conf vol 848 848 1848 1848
vC2, stage 2 conf vol 1022 1869 459 855
vCu, unblocked vol 1684 855 1871 2718 427 2308 2703 831
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 88 95 77 95 97 89 100
cM capacity (veh/h) 376 781 168 99 576 65 99 313

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 562 293 93 831 831 21 58 13
Volume Left 0 0 93 0 0 0 8 2
Volume Right 0 12 0 0 0 21 27 0
cSH 1700 1700 781 1700 1700 1700 178 91
Volume to Capacity 0.33 0.17 0.12 0.49 0.49 0.01 0.33 0.14
Queue Length 95th (ft) 0 0 10 0 0 0 33 12
Control Delay (s) 0.0 0.0 10.2 0.0 0.0 0.0 34.7 51.0
Lane LOS B D F
Approach Delay (s) 0.0 0.5 34.7 51.0
Approach LOS D F

Intersection Summary

Average Delay 1.3
Intersection Capacity Utilization 55.3% ICU Level of Service B
Analysis Period (min) 15



Kahului Harbor Master Plan 2030 Alternative A - MID-AM
81: Hana Hwy & Hanakai St
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 897 49 71 1315 25 4 25 41 2 15 0
Peak Hour Factor 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Hourly flow rate (vph) 0 925 51 73 1356 27 4 27 42 2 16 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1383 975 1782 2479 488 2020 2477 678
vC1, stage 1 conf vol 950 950 1502 1502
vC2, stage 2 conf vol 832 1529 518 975
vCu, unblocked vol 1383 975 1782 2479 488 2020 2477 678
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 90 98 81 92 98 88 100
cM capacity (veh/h) 491 703 191 141 526 107 135 395

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 616 359 73 678 678 27 74 18
Volume Left 0 0 73 0 0 0 4 2
Volume Right 0 51 0 0 0 27 42 0
cSH 1700 1700 703 1700 1700 1700 249 131
Volume to Capacity 0.36 0.21 0.10 0.40 0.40 0.02 0.30 0.14
Queue Length 95th (ft) 0 0 9 0 0 0 30 12
Control Delay (s) 0.0 0.0 10.7 0.0 0.0 0.0 25.4 36.9
Lane LOS B D E
Approach Delay (s) 0.0 0.5 25.4 36.9
Approach LOS D E

Intersection Summary

Average Delay 1.3
Intersection Capacity Utilization 47.7% ICU Level of Service A
Analysis Period (min) 15



Kahului Harbor Master Plan 2030+Project Alternative A - PM
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 1565 18 26 1076 27 19 16 34 2 11 0
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 0 1613 19 27 1109 28 20 16 35 2 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1137 1632 2237 2813 816 2013 2795 555
vC1, stage 1 conf vol 1623 1623 1163 1163
vC2, stage 2 conf vol 614 1191 850 1632
vCu, unblocked vol 1137 1632 2237 2813 816 2013 2795 555
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 93 81 87 89 99 90 100
cM capacity (veh/h) 610 394 101 128 320 145 112 476

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 1076 556 27 555 555 28 71 13
Volume Left 0 0 27 0 0 0 20 2
Volume Right 0 19 0 0 0 28 35 0
cSH 1700 1700 394 1700 1700 1700 165 116
Volume to Capacity 0.63 0.33 0.07 0.33 0.33 0.02 0.43 0.12
Queue Length 95th (ft) 0 0 5 0 0 0 49 9
Control Delay (s) 0.0 0.0 14.8 0.0 0.0 0.0 42.6 39.9
Lane LOS B E E
Approach Delay (s) 0.0 0.3 42.6 39.9
Approach LOS E E

Intersection Summary

Average Delay 1.4
Intersection Capacity Utilization 57.3% ICU Level of Service B
Analysis Period (min) 15
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Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 449 0 12 381 0 39
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 488 0 13 414 0 42
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 488 928 488
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 488 928 488
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 93
cM capacity (veh/h) 1075 294 580

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 488 13 414 42
Volume Left 0 13 0 0
Volume Right 0 0 0 42
cSH 1700 1075 1700 580
Volume to Capacity 0.29 0.01 0.24 0.07
Queue Length 95th (ft) 0 1 0 6
Control Delay (s) 0.0 8.4 0.0 11.7
Lane LOS A B
Approach Delay (s) 0.0 0.3 11.7
Approach LOS B

Intersection Summary

Average Delay 0.6
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15
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Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 499 0 17 351 0 39
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 542 0 18 382 0 42
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 542 961 542
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 542 961 542
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 92
cM capacity (veh/h) 1026 279 540

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 542 18 382 42
Volume Left 0 18 0 0
Volume Right 0 0 0 42
cSH 1700 1026 1700 540
Volume to Capacity 0.32 0.02 0.22 0.08
Queue Length 95th (ft) 0 1 0 6
Control Delay (s) 0.0 8.6 0.0 12.2
Lane LOS A B
Approach Delay (s) 0.0 0.4 12.2
Approach LOS B

Intersection Summary

Average Delay 0.7
Intersection Capacity Utilization 36.3% ICU Level of Service A
Analysis Period (min) 15
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Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 573 0 13 478 0 44
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 591 0 13 493 0 45
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 591 1110 591
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 591 1110 591
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 91
cM capacity (veh/h) 985 228 507

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 591 13 493 45
Volume Left 0 13 0 0
Volume Right 0 0 0 45
cSH 1700 985 1700 507
Volume to Capacity 0.35 0.01 0.29 0.09
Queue Length 95th (ft) 0 1 0 7
Control Delay (s) 0.0 8.7 0.0 12.8
Lane LOS A B
Approach Delay (s) 0.0 0.2 12.8
Approach LOS B

Intersection Summary

Average Delay 0.6
Intersection Capacity Utilization 40.2% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583

Volume (vph) 133 586 161 262 587 204 175 1127 527 329 953 116
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 136 598 164 267 599 208 179 1150 538 336 972 118
RTOR Reduction (vph) 0 0 128 0 0 167 0 0 159 0 0 69
Lane Group Flow (vph) 136 598 36 267 599 41 179 1150 379 336 972 49

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 8.7 18.6 18.6 7.1 17.0 17.0 8.1 32.6 32.6 11.4 35.9 35.9
Effective Green, g (s) 8.7 18.6 18.6 7.1 17.0 17.0 8.1 32.6 32.6 11.4 35.9 35.9
Actuated g/C Ratio 0.10 0.22 0.22 0.08 0.20 0.20 0.09 0.38 0.38 0.13 0.42 0.42
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 180 768 344 284 702 314 167 1346 602 457 1482 663
v/s Ratio Prot 0.08 0.17 c0.08 c0.17 c0.10 c0.32 0.10 c0.27
v/s Ratio Perm 0.02 0.03 0.24 0.03
v/c Ratio 0.76 0.78 0.10 0.94 0.85 0.13 1.07 0.85 0.63 0.74 0.66 0.07
Uniform Delay, d1 37.5 31.6 26.9 39.1 33.1 28.3 38.8 24.4 21.6 35.7 20.0 14.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 16.4 5.0 0.1 37.6 9.9 0.2 90.1 5.5 2.2 6.1 1.1 0.0
Delay (s) 53.9 36.6 27.0 76.7 43.0 28.5 128.9 29.9 23.8 41.8 21.0 15.0
Level of Service D D C E D C F C C D C B
Approach Delay (s) 37.5 48.6 37.6 25.4
Approach LOS D D D C

Intersection Summary

HCM Average Control Delay 36.5 HCM Level of Service D
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 85.7 Sum of lost time (s) 20.0
Intersection Capacity Utilization 77.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583

Volume (vph) 128 594 138 196 573 168 105 1091 520 363 1059 119
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 131 606 141 200 585 171 107 1113 531 370 1081 121
RTOR Reduction (vph) 0 0 111 0 0 137 0 0 155 0 0 67
Lane Group Flow (vph) 131 606 30 200 585 34 107 1113 376 370 1081 54

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 8.6 18.4 18.4 7.1 16.9 16.9 6.1 33.2 33.2 11.5 38.6 38.6
Effective Green, g (s) 8.6 18.4 18.4 7.1 16.9 16.9 6.1 33.2 33.2 11.5 38.6 38.6
Actuated g/C Ratio 0.10 0.21 0.21 0.08 0.20 0.20 0.07 0.39 0.39 0.13 0.45 0.45
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 177 755 338 283 694 310 125 1363 610 458 1585 709
v/s Ratio Prot c0.07 c0.17 0.06 0.17 0.06 c0.31 c0.11 0.31
v/s Ratio Perm 0.02 0.02 0.24 0.03
v/c Ratio 0.74 0.80 0.09 0.71 0.84 0.11 0.86 0.82 0.62 0.81 0.68 0.08
Uniform Delay, d1 37.7 32.2 27.2 38.5 33.4 28.5 39.6 23.8 21.4 36.3 18.9 13.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 15.3 6.2 0.1 7.8 9.2 0.2 40.2 3.9 1.9 10.1 1.2 0.0
Delay (s) 53.0 38.3 27.3 46.3 42.5 28.6 79.8 27.7 23.2 46.3 20.1 13.7
Level of Service D D C D D C E C C D C B
Approach Delay (s) 38.8 40.8 29.5 25.8
Approach LOS D D C C

Intersection Summary

HCM Average Control Delay 32.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 86.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 76.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030+Project Alternative A with Mitigation - PM
6: Dairy Rd & Pu'unene Av

8/10/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583

Volume (vph) 154 608 63 714 686 199 112 892 439 473 580 144
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 167 661 68 776 746 216 122 970 477 514 630 157
RTOR Reduction (vph) 0 0 55 0 0 155 0 0 288 0 0 111
Lane Group Flow (vph) 167 661 13 776 746 61 122 970 189 514 630 46

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 11.4 17.0 17.0 20.0 25.6 25.6 10.4 24.0 24.0 13.0 26.6 26.6
Effective Green, g (s) 11.4 17.0 17.0 20.0 25.6 25.6 10.4 24.0 24.0 13.0 26.6 26.6
Actuated g/C Ratio 0.13 0.19 0.19 0.22 0.28 0.28 0.12 0.27 0.27 0.14 0.30 0.30
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 224 668 299 763 1007 450 205 944 422 496 1046 468
v/s Ratio Prot 0.09 c0.19 c0.23 0.21 0.07 c0.27 c0.15 c0.18
v/s Ratio Perm 0.01 0.04 0.12 0.03
v/c Ratio 0.75 0.99 0.04 1.02 0.74 0.14 0.60 1.03 0.45 1.04 0.60 0.10
Uniform Delay, d1 37.9 36.4 29.8 35.0 29.2 24.0 37.8 33.0 27.5 38.5 27.2 23.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.6 31.8 0.1 36.9 3.0 0.1 4.6 36.5 0.8 50.1 1.0 0.1
Delay (s) 50.5 68.2 29.9 71.9 32.2 24.1 42.4 69.5 28.2 88.6 28.2 23.1
Level of Service D E C E C C D E C F C C
Approach Delay (s) 62.0 48.9 54.9 51.4
Approach LOS E D D D

Intersection Summary

HCM Average Control Delay 53.3 HCM Level of Service D
HCM Volume to Capacity ratio 1.06
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 88.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030+Project Alternative A with Mitigation - AM
81: Hana Hwy & Hanakai St

7/25/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00 0.85 0.94 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.99 0.99
Satd. Flow (prot) 1770 3532 1770 3539 1583 1734 1849
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 0.97
Satd. Flow (perm) 1770 3532 1770 3539 1583 1656 1810

Volume (vph) 449 817 12 90 1613 19 8 21 26 2 10 0
Peak-hour factor, PHF 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Adj. Flow (vph) 488 842 12 93 1663 21 8 23 27 2 11 0
RTOR Reduction (vph) 0 1 0 0 0 10 0 26 0 0 0 0
Lane Group Flow (vph) 488 853 0 93 1663 11 0 32 0 0 13 0

Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 8 2 6
Actuated Green, G (s) 25.0 61.1 7.0 43.1 43.1 3.6 3.6
Effective Green, g (s) 25.0 61.1 7.0 43.1 43.1 3.6 3.6
Actuated g/C Ratio 0.30 0.73 0.08 0.51 0.51 0.04 0.04
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 529 2578 148 1822 815 71 78
v/s Ratio Prot c0.28 0.24 0.05 c0.47
v/s Ratio Perm 0.01 c0.02 0.01
v/c Ratio 0.92 0.33 0.63 0.91 0.01 0.45 0.17
Uniform Delay, d1 28.4 4.0 37.1 18.6 9.9 39.1 38.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 21.8 0.1 8.1 7.4 0.0 4.5 1.0
Delay (s) 50.2 4.1 45.2 26.0 9.9 43.6 39.6
Level of Service D A D C A D D
Approach Delay (s) 20.8 26.8 43.6 39.6
Approach LOS C C D D

Intersection Summary

HCM Average Control Delay 24.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 83.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 83.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030 Alternative A with Mitigation - MID-AM
81: Hana Hwy & Hanakai St

7/25/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.85 0.92 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.99
Satd. Flow (prot) 1770 3511 1770 3539 1583 1713 1852
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.98 0.96
Satd. Flow (perm) 1770 3511 1770 3539 1583 1681 1788

Volume (vph) 490 897 49 71 1315 25 4 25 41 2 15 0
Peak-hour factor, PHF 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Adj. Flow (vph) 533 925 51 73 1356 27 4 27 42 2 16 0
RTOR Reduction (vph) 0 4 0 0 0 15 0 40 0 0 0 0
Lane Group Flow (vph) 533 972 0 73 1356 12 0 33 0 0 18 0

Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 8 2 6
Actuated Green, G (s) 26.6 56.3 6.0 35.7 35.7 4.2 4.2
Effective Green, g (s) 26.6 56.3 6.0 35.7 35.7 4.2 4.2
Actuated g/C Ratio 0.34 0.72 0.08 0.45 0.45 0.05 0.05
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 600 2518 135 1609 720 90 96
v/s Ratio Prot c0.30 0.28 0.04 c0.38
v/s Ratio Perm 0.01 c0.02 0.01
v/c Ratio 0.89 0.39 0.54 0.84 0.02 0.37 0.19
Uniform Delay, d1 24.5 4.3 34.9 18.9 11.8 35.9 35.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 14.9 0.1 4.4 4.2 0.0 2.6 0.9
Delay (s) 39.4 4.4 39.3 23.1 11.8 38.4 36.5
Level of Service D A D C B D D
Approach Delay (s) 16.8 23.7 38.4 36.5
Approach LOS B C D D

Intersection Summary

HCM Average Control Delay 20.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 78.5 Sum of lost time (s) 12.0
Intersection Capacity Utilization 78.1% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030+Project Alternative A with Mitigation - PM
81: Hana Hwy & Hanakai St

8/10/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00 0.85 0.93 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.99 0.99
Satd. Flow (prot) 1770 3533 1770 3539 1583 1715 1849
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.90 0.97
Satd. Flow (perm) 1770 3533 1770 3539 1583 1565 1805

Volume (vph) 573 1565 18 26 1076 27 19 16 34 2 11 0
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 591 1613 19 27 1109 28 20 16 35 2 11 0
RTOR Reduction (vph) 0 1 0 0 0 16 0 34 0 0 0 0
Lane Group Flow (vph) 591 1631 0 27 1109 12 0 37 0 0 13 0

Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 8 2 6
Actuated Green, G (s) 28.3 58.1 1.6 31.4 31.4 2.9 2.9
Effective Green, g (s) 28.3 58.1 1.6 31.4 31.4 2.9 2.9
Actuated g/C Ratio 0.38 0.78 0.02 0.42 0.42 0.04 0.04
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 671 2752 38 1490 666 61 70
v/s Ratio Prot c0.33 0.46 0.02 c0.31
v/s Ratio Perm 0.01 c0.02 0.01
v/c Ratio 0.88 0.59 0.71 0.74 0.02 0.61 0.19
Uniform Delay, d1 21.6 3.4 36.3 18.2 12.6 35.3 34.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.9 0.3 47.3 2.1 0.0 16.8 1.3
Delay (s) 34.5 3.7 83.5 20.3 12.6 52.1 36.0
Level of Service C A F C B D D
Approach Delay (s) 11.9 21.6 52.1 36.0
Approach LOS B C D D

Intersection Summary

HCM Average Control Delay 16.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 74.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 78.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Kahului Harbor Master Plan 2030 Alternative B - AM
1: Ka'ahumanu Av & Wahine P'io Av

7/14/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1731 1583 1770 1818
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1731 1583 1770 1818

Volume (vph) 62 851 227 37 1349 57 391 155 69 58 131 25
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 64 877 234 38 1391 59 403 160 71 60 135 26
RTOR Reduction (vph) 0 0 123 0 0 31 0 0 57 0 8 0
Lane Group Flow (vph) 64 877 111 38 1391 28 274 289 14 60 153 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 3.6 38.8 38.8 3.2 38.4 38.4 16.6 16.6 16.6 7.1 7.1
Effective Green, g (s) 3.6 38.8 38.8 3.2 38.4 38.4 16.6 16.6 16.6 7.1 7.1
Actuated g/C Ratio 0.04 0.47 0.47 0.04 0.47 0.47 0.20 0.20 0.20 0.09 0.09
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 78 1681 752 69 1663 744 342 352 322 154 158
v/s Ratio Prot c0.04 0.25 0.02 c0.39 0.16 c0.17 0.03 c0.08
v/s Ratio Perm 0.07 0.02 0.01
v/c Ratio 0.82 0.52 0.15 0.55 0.84 0.04 0.80 0.82 0.04 0.39 0.97
Uniform Delay, d1 38.7 15.0 12.1 38.5 18.9 11.7 31.0 31.1 26.2 35.3 37.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 47.4 0.3 0.1 9.2 3.8 0.0 12.6 14.2 0.1 1.6 61.1
Delay (s) 86.1 15.3 12.2 47.7 22.7 11.7 43.6 45.3 26.2 36.9 98.3
Level of Service F B B D C B D D C D F
Approach Delay (s) 18.5 22.9 42.4 81.6
Approach LOS B C D F

Intersection Summary

HCM Average Control Delay 28.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 81.7 Sum of lost time (s) 16.0
Intersection Capacity Utilization 77.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030 Alternative B - MID-AM
1: Ka'ahumanu Av & Wahine P'io Av

7/14/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.96
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1727 1583 1770 1783
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1727 1583 1770 1783

Volume (vph) 61 992 190 40 1079 48 240 83 72 51 95 38
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 63 1023 196 41 1112 49 247 86 74 53 98 39
RTOR Reduction (vph) 0 0 104 0 0 26 0 0 62 0 16 0
Lane Group Flow (vph) 63 1023 92 41 1112 23 162 171 12 53 121 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 3.1 34.6 34.6 3.1 34.6 34.6 12.0 12.0 12.0 8.0 8.0
Effective Green, g (s) 3.1 34.6 34.6 3.1 34.6 34.6 12.0 12.0 12.0 8.0 8.0
Actuated g/C Ratio 0.04 0.47 0.47 0.04 0.47 0.47 0.16 0.16 0.16 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 74 1661 743 74 1661 743 274 281 258 192 194
v/s Ratio Prot c0.04 0.29 0.02 c0.31 0.10 c0.10 0.03 c0.07
v/s Ratio Perm 0.06 0.01 0.01
v/c Ratio 0.85 0.62 0.12 0.55 0.67 0.03 0.59 0.61 0.05 0.28 0.62
Uniform Delay, d1 35.1 14.6 11.0 34.6 15.1 10.5 28.6 28.7 26.0 30.2 31.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 57.1 0.7 0.1 8.7 1.0 0.0 3.4 3.7 0.1 0.8 6.1
Delay (s) 92.2 15.3 11.1 43.3 16.2 10.5 32.0 32.4 26.1 31.0 37.5
Level of Service F B B D B B C C C C D
Approach Delay (s) 18.4 16.9 31.1 35.7
Approach LOS B B C D

Intersection Summary

HCM Average Control Delay 20.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 73.7 Sum of lost time (s) 16.0
Intersection Capacity Utilization 62.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030 Alternative B - PM
1: Ka'ahumanu Av & Wahine P'io Av

7/14/2007 Synchro 6 Report
Page 1

Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1681 1770 1583 1770 1640
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1681 1770 1583 1770 1640

Volume (vph) 65 1323 502 47 1035 55 51 142 262 93 51 203
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 67 1364 518 48 1067 57 53 146 270 96 53 209
RTOR Reduction (vph) 0 0 272 0 0 32 0 0 165 0 159 0
Lane Group Flow (vph) 67 1364 246 48 1067 25 53 146 105 96 103 0

Turn Type Prot Perm Prot Perm Split Perm Split
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 4 8 2
Actuated Green, G (s) 4.0 34.8 34.8 2.0 32.8 32.8 11.3 11.3 11.3 9.3 9.3
Effective Green, g (s) 4.0 34.8 34.8 2.0 32.8 32.8 11.3 11.3 11.3 9.3 9.3
Actuated g/C Ratio 0.05 0.47 0.47 0.03 0.45 0.45 0.15 0.15 0.15 0.13 0.13
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 96 1678 751 48 1581 707 259 272 244 224 208
v/s Ratio Prot c0.04 c0.39 0.03 0.30 0.03 c0.08 0.05 c0.06
v/s Ratio Perm 0.16 0.02 0.07
v/c Ratio 0.70 0.81 0.33 1.00 0.67 0.04 0.20 0.54 0.43 0.43 0.50
Uniform Delay, d1 34.1 16.5 12.0 35.7 16.1 11.4 27.1 28.6 28.1 29.6 29.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 19.8 3.1 0.3 129.9 1.2 0.0 0.4 2.0 1.2 1.3 1.9
Delay (s) 53.9 19.6 12.3 165.6 17.2 11.4 27.5 30.7 29.4 30.9 31.7
Level of Service D B B F B B C C C C C
Approach Delay (s) 18.9 23.0 29.6 31.5
Approach LOS B C C C

Intersection Summary

HCM Average Control Delay 22.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 73.4 Sum of lost time (s) 12.0
Intersection Capacity Utilization 78.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



Kahului Harbor Master Plan 2030 Alternative B - AM
2: Wahine P'io Av & Kahului Beach Rd

7/14/2007 Synchro 6 Report
Page 2

Fehr & Peers Associates, Inc.

Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 200 21 143 981 1151 228
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 208 22 149 1022 1199 238
RTOR Reduction (vph) 0 18 0 0 0 118
Lane Group Flow (vph) 208 4 149 1022 1199 120

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 12.9 12.9 9.4 48.2 34.8 34.8
Effective Green, g (s) 12.9 12.9 9.4 48.2 34.8 34.8
Actuated g/C Ratio 0.19 0.19 0.14 0.70 0.50 0.50
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 330 296 241 2469 1782 797
v/s Ratio Prot c0.12 c0.08 0.29 c0.34
v/s Ratio Perm 0.00 0.08
v/c Ratio 0.63 0.01 0.62 0.41 0.67 0.15
Uniform Delay, d1 25.9 22.9 28.2 4.4 12.9 9.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.9 0.0 4.7 0.1 1.0 0.1
Delay (s) 29.8 22.9 32.8 4.6 13.9 9.3
Level of Service C C C A B A
Approach Delay (s) 29.1 8.2 13.1
Approach LOS C A B

Intersection Summary

HCM Average Control Delay 12.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 69.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 60.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 133 48 96 869 1012 132
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90
Adj. Flow (vph) 148 53 107 966 1124 147
RTOR Reduction (vph) 0 45 0 0 0 63
Lane Group Flow (vph) 148 8 107 966 1124 84

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 9.6 9.6 6.2 47.7 37.5 37.5
Effective Green, g (s) 9.6 9.6 6.2 47.7 37.5 37.5
Actuated g/C Ratio 0.15 0.15 0.09 0.73 0.57 0.57
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 260 233 168 2585 2032 909
v/s Ratio Prot c0.08 c0.06 0.27 c0.32
v/s Ratio Perm 0.00 0.05
v/c Ratio 0.57 0.03 0.64 0.37 0.55 0.09
Uniform Delay, d1 25.9 23.9 28.5 3.3 8.7 6.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.8 0.1 7.7 0.1 0.3 0.0
Delay (s) 28.8 23.9 36.1 3.4 9.0 6.3
Level of Service C C D A A A
Approach Delay (s) 27.5 6.6 8.7
Approach LOS C A A

Intersection Summary

HCM Average Control Delay 9.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 65.3 Sum of lost time (s) 12.0
Intersection Capacity Utilization 50.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 3539 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1770 3539 3539 1583

Volume (vph) 240 91 62 1447 1321 269
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 250 95 65 1507 1376 280
RTOR Reduction (vph) 0 75 0 0 0 125
Lane Group Flow (vph) 250 20 65 1507 1376 155

Turn Type Perm Prot Perm
Protected Phases 4 5 2 6
Permitted Phases 4 6
Actuated Green, G (s) 14.7 14.7 4.6 47.2 38.6 38.6
Effective Green, g (s) 14.7 14.7 4.6 47.2 38.6 38.6
Actuated g/C Ratio 0.21 0.21 0.07 0.68 0.55 0.55
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 372 333 116 2390 1954 874
v/s Ratio Prot c0.14 0.04 c0.43 c0.39
v/s Ratio Perm 0.01 0.10
v/c Ratio 0.67 0.06 0.56 0.63 0.70 0.18
Uniform Delay, d1 25.4 22.1 31.7 6.4 11.5 7.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.7 0.1 6.1 0.5 1.2 0.1
Delay (s) 30.1 22.2 37.7 7.0 12.6 7.9
Level of Service C C D A B A
Approach Delay (s) 27.9 8.2 11.8
Approach LOS C A B

Intersection Summary

HCM Average Control Delay 11.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 69.9 Sum of lost time (s) 12.0
Intersection Capacity Utilization 63.2% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1704 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1704 1583

Volume (vph) 61 876 99 45 945 1155 36 116 8 1073 140 104
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 61 876 99 45 945 1155 36 116 8 1073 140 104
RTOR Reduction (vph) 0 0 68 0 0 0 0 0 8 0 0 62
Lane Group Flow (vph) 61 876 31 45 945 1155 36 116 0 591 622 42

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 2.8 25.6 25.6 2.1 24.9 81.7 5.0 5.0 5.0 33.0 33.0 33.0
Effective Green, g (s) 2.8 25.6 25.6 2.1 24.9 81.7 5.0 5.0 5.0 33.0 33.0 33.0
Actuated g/C Ratio 0.03 0.31 0.31 0.03 0.30 1.00 0.06 0.06 0.06 0.40 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 61 1109 496 45 1079 1583 108 114 97 679 688 639
v/s Ratio Prot 0.03 0.25 0.03 c0.27 0.02 0.06 0.35 c0.37
v/s Ratio Perm 0.02 c0.73 0.00 0.03
v/c Ratio 1.00 0.79 0.06 1.00 0.88 0.73 0.33 1.02 0.01 0.87 0.90 0.07
Uniform Delay, d1 39.5 25.6 19.6 39.8 26.9 0.0 36.8 38.4 36.0 22.4 22.9 14.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 115.2 3.8 0.1 134.2 8.1 3.0 1.8 89.1 0.0 11.7 15.3 0.0
Delay (s) 154.7 29.4 19.7 174.0 35.1 3.0 38.6 127.4 36.0 34.1 38.2 15.0
Level of Service F C B F D A D F D C D B
Approach Delay (s) 35.9 20.7 102.9 34.5
Approach LOS D C F C

Intersection Summary

HCM Average Control Delay 30.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.86
Actuated Cycle Length (s) 81.7 Sum of lost time (s) 8.0
Intersection Capacity Utilization 79.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1704 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.96 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1704 1583

Volume (vph) 55 808 47 80 884 884 47 66 14 1049 142 85
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 56 824 48 82 902 902 48 67 14 1070 145 87
RTOR Reduction (vph) 0 0 34 0 0 0 0 0 13 0 0 51
Lane Group Flow (vph) 56 824 14 82 902 902 48 67 1 592 623 36

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 3.5 23.1 23.1 4.2 23.8 79.4 3.5 3.5 3.5 32.6 32.6 32.6
Effective Green, g (s) 3.5 23.1 23.1 4.2 23.8 79.4 3.5 3.5 3.5 32.6 32.6 32.6
Actuated g/C Ratio 0.04 0.29 0.29 0.05 0.30 1.00 0.04 0.04 0.04 0.41 0.41 0.41
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 78 1030 461 94 1061 1583 78 82 70 690 700 650
v/s Ratio Prot 0.03 0.23 0.05 c0.25 0.03 0.04 0.35 c0.37
v/s Ratio Perm 0.01 c0.57 0.00 0.02
v/c Ratio 0.72 0.80 0.03 0.87 0.85 0.57 0.62 0.82 0.01 0.86 0.89 0.05
Uniform Delay, d1 37.5 26.0 20.1 37.3 26.1 0.0 37.3 37.6 36.3 21.3 21.7 14.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 26.9 4.5 0.0 53.6 6.7 1.5 13.6 44.3 0.1 10.3 13.5 0.0
Delay (s) 64.3 30.5 20.2 90.9 32.8 1.5 50.8 82.0 36.3 31.6 35.2 14.1
Level of Service E C C F C A D F D C D B
Approach Delay (s) 32.0 20.3 65.4 32.2
Approach LOS C C E C

Intersection Summary

HCM Average Control Delay 27.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 79.4 Sum of lost time (s) 4.0
Intersection Capacity Utilization 77.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.97 1.00
Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1708 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 0.97 1.00
Satd. Flow (perm) 1770 3539 1583 1770 3539 1583 1770 1863 1583 1681 1708 1583

Volume (vph) 71 1144 135 80 711 1301 68 161 39 1074 177 162
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 72 1156 136 81 718 1314 69 163 39 1085 179 164
RTOR Reduction (vph) 0 0 91 0 0 0 0 0 36 0 0 104
Lane Group Flow (vph) 72 1156 45 81 718 1314 69 163 3 616 648 60

Turn Type Prot Perm Prot Free Split Perm Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 4 Free 6 2
Actuated Green, G (s) 4.8 29.8 29.8 4.0 29.0 90.8 8.0 8.0 8.0 33.0 33.0 33.0
Effective Green, g (s) 4.8 29.8 29.8 4.0 29.0 90.8 8.0 8.0 8.0 33.0 33.0 33.0
Actuated g/C Ratio 0.05 0.33 0.33 0.04 0.32 1.00 0.09 0.09 0.09 0.36 0.36 0.36
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 1161 520 78 1130 1583 156 164 139 611 621 575
v/s Ratio Prot 0.04 c0.33 0.05 0.20 0.04 0.09 0.37 c0.38
v/s Ratio Perm 0.03 c0.83 0.00 0.04
v/c Ratio 0.77 1.00 0.09 1.04 0.64 0.83 0.44 0.99 0.02 1.01 1.04 0.10
Uniform Delay, d1 42.4 30.4 21.1 43.4 26.4 0.0 39.3 41.4 37.8 28.9 28.9 19.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 30.4 25.2 0.1 112.9 1.2 5.2 2.0 68.1 0.1 38.4 48.0 0.1
Delay (s) 72.8 55.6 21.2 156.3 27.6 5.2 41.3 109.5 37.9 67.3 76.9 19.2
Level of Service E E C F C A D F D E E B
Approach Delay (s) 53.1 18.6 81.8 66.1
Approach LOS D B F E

Intersection Summary

HCM Average Control Delay 44.1 HCM Level of Service D
HCM Volume to Capacity ratio 0.94
Actuated Cycle Length (s) 90.8 Sum of lost time (s) 4.0
Intersection Capacity Utilization 92.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.99 1.00 0.92
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (prot) 1770 4814 1770 5076 1681 1675 1770 1710
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (perm) 1770 4814 1770 5076 1681 1675 1770 1710

Volume (vph) 39 1276 705 59 1533 19 589 22 28 24 19 23
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 40 1302 719 60 1564 19 601 22 29 24 19 23
RTOR Reduction (vph) 0 106 0 0 2 0 0 4 0 0 22 0
Lane Group Flow (vph) 40 1915 0 60 1581 0 323 325 0 24 20 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 2.9 36.2 3.4 36.7 17.4 17.4 2.4 2.4
Effective Green, g (s) 2.9 36.2 3.4 36.7 17.4 17.4 2.4 2.4
Actuated g/C Ratio 0.04 0.48 0.05 0.49 0.23 0.23 0.03 0.03
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 68 2311 80 2471 388 387 56 54
v/s Ratio Prot 0.02 c0.40 c0.03 0.31 0.19 c0.19 c0.01 0.01
v/s Ratio Perm
v/c Ratio 0.59 0.83 0.75 0.64 0.83 0.84 0.43 0.37
Uniform Delay, d1 35.7 16.9 35.6 14.4 27.6 27.7 35.8 35.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.3 2.6 32.0 0.6 14.1 15.0 5.2 4.2
Delay (s) 48.0 19.5 67.6 15.0 41.7 42.7 41.0 39.9
Level of Service D B E B D D D D
Approach Delay (s) 20.1 16.9 42.2 40.3
Approach LOS C B D D

Intersection Summary

HCM Average Control Delay 22.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 75.4 Sum of lost time (s) 16.0
Intersection Capacity Utilization 78.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.94 1.00 0.99 1.00 0.97 1.00 0.90
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.98 0.95 1.00
Satd. Flow (prot) 1770 4774 1770 5019 1681 1680 1770 1678
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.98 0.95 1.00
Satd. Flow (perm) 1770 4774 1770 5019 1681 1680 1770 1678

Volume (vph) 224 928 638 70 1447 137 548 120 68 142 91 179
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 238 987 679 74 1539 146 583 128 72 151 97 190
RTOR Reduction (vph) 0 133 0 0 12 0 0 9 0 0 79 0
Lane Group Flow (vph) 238 1533 0 74 1673 0 387 387 0 151 208 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 13.0 40.0 4.8 31.8 17.0 17.0 12.6 12.6
Effective Green, g (s) 13.0 40.0 4.8 31.8 17.0 17.0 12.6 12.6
Actuated g/C Ratio 0.14 0.44 0.05 0.35 0.19 0.19 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 255 2112 94 1766 316 316 247 234
v/s Ratio Prot c0.13 0.32 0.04 c0.33 0.23 c0.23 0.09 c0.12
v/s Ratio Perm
v/c Ratio 0.93 0.73 0.79 0.95 1.22 1.22 0.61 0.89
Uniform Delay, d1 38.3 20.7 42.3 28.5 36.7 36.7 36.6 38.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 38.5 1.3 34.1 11.2 126.0 126.1 4.4 30.7
Delay (s) 76.7 22.0 76.4 39.7 162.7 162.8 41.0 68.9
Level of Service E C E D F F D E
Approach Delay (s) 28.8 41.2 162.8 59.3
Approach LOS C D F E

Intersection Summary

HCM Average Control Delay 57.5 HCM Level of Service E
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 90.4 Sum of lost time (s) 16.0
Intersection Capacity Utilization 92.9% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.95 0.95 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.98 1.00 0.94
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (prot) 1770 4838 1770 5080 1681 1669 1770 1745
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.96 0.95 1.00
Satd. Flow (perm) 1770 4838 1770 5080 1681 1669 1770 1745

Volume (vph) 24 1498 718 34 1228 8 883 10 46 28 28 21
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 24 1529 733 35 1253 8 901 10 47 29 29 21
RTOR Reduction (vph) 0 92 0 0 1 0 0 4 0 0 20 0
Lane Group Flow (vph) 24 2170 0 35 1260 0 496 458 0 29 30 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 1.9 41.1 2.8 42.0 24.2 24.2 3.9 3.9
Effective Green, g (s) 1.9 41.1 2.8 42.0 24.2 24.2 3.9 3.9
Actuated g/C Ratio 0.02 0.47 0.03 0.48 0.27 0.27 0.04 0.04
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 38 2260 56 2425 462 459 78 77
v/s Ratio Prot 0.01 c0.45 c0.02 0.25 c0.30 0.27 0.02 c0.02
v/s Ratio Perm
v/c Ratio 0.63 0.96 0.62 0.52 1.07 1.00 0.37 0.39
Uniform Delay, d1 42.7 22.7 42.1 16.0 31.9 31.9 40.9 40.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 29.5 11.1 19.8 0.2 63.0 41.0 3.0 3.2
Delay (s) 72.2 33.7 61.8 16.2 94.9 72.8 43.8 44.1
Level of Service E C E B F E D D
Approach Delay (s) 34.1 17.4 84.2 44.0
Approach LOS C B F D

Intersection Summary

HCM Average Control Delay 40.0 HCM Level of Service D
HCM Volume to Capacity ratio 0.95
Actuated Cycle Length (s) 88.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3481
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3481

Volume (vph) 59 368 195 104 302 105 182 761 126 111 718 88
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 62 387 205 109 318 111 192 801 133 117 756 93
RTOR Reduction (vph) 0 0 148 0 0 77 0 0 90 0 10 0
Lane Group Flow (vph) 62 387 57 109 318 34 192 801 43 117 839 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 4.0 21.1 21.1 6.1 23.2 23.2 9.2 24.6 24.6 7.5 22.9
Effective Green, g (s) 4.0 21.1 21.1 6.1 23.2 23.2 9.2 24.6 24.6 7.5 22.9
Actuated g/C Ratio 0.05 0.28 0.28 0.08 0.31 0.31 0.12 0.33 0.33 0.10 0.30
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 522 444 143 574 488 216 1156 517 176 1059
v/s Ratio Prot 0.04 c0.21 c0.06 0.17 c0.11 0.23 0.07 c0.24
v/s Ratio Perm 0.04 0.02 0.03
v/c Ratio 0.66 0.74 0.13 0.76 0.55 0.07 0.89 0.69 0.08 0.66 0.79
Uniform Delay, d1 35.0 24.6 20.2 33.9 21.7 18.4 32.5 22.1 17.6 32.7 24.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 15.5 5.6 0.1 21.0 1.2 0.1 32.6 1.8 0.1 9.1 4.1
Delay (s) 50.5 30.2 20.4 54.9 22.9 18.5 65.2 23.9 17.6 41.8 28.1
Level of Service D C C D C B E C B D C
Approach Delay (s) 29.1 28.5 30.2 29.8
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 29.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 75.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 71.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.99
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3498
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3498

Volume (vph) 81 271 174 91 277 155 147 819 92 117 878 74
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 82 274 176 92 280 157 148 827 93 118 887 75
RTOR Reduction (vph) 0 0 142 0 0 125 0 0 52 0 6 0
Lane Group Flow (vph) 82 274 34 92 280 32 148 827 41 118 956 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 5.1 15.8 15.8 5.9 16.6 16.6 8.9 36.0 36.0 8.0 35.1
Effective Green, g (s) 5.1 15.8 15.8 5.9 16.6 16.6 8.9 36.0 36.0 8.0 35.1
Actuated g/C Ratio 0.06 0.19 0.19 0.07 0.20 0.20 0.11 0.44 0.44 0.10 0.43
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 110 360 306 128 379 322 193 1559 698 173 1503
v/s Ratio Prot 0.05 0.15 c0.05 c0.15 c0.08 0.23 0.07 c0.27
v/s Ratio Perm 0.02 0.02 0.03
v/c Ratio 0.75 0.76 0.11 0.72 0.74 0.10 0.77 0.53 0.06 0.68 0.64
Uniform Delay, d1 37.7 31.2 27.2 37.1 30.5 26.5 35.4 16.7 13.1 35.6 18.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 23.7 9.2 0.2 17.5 7.4 0.1 16.5 1.3 0.2 10.6 2.1
Delay (s) 61.3 40.3 27.3 54.6 37.9 26.6 51.9 18.0 13.3 46.2 20.4
Level of Service E D C D D C D B B D C
Approach Delay (s) 39.3 37.4 22.3 23.2
Approach LOS D D C C

Intersection Summary

HCM Average Control Delay 27.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 81.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 67.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3439
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1863 1583 1770 1863 1583 1770 3539 1583 1770 3439

Volume (vph) 141 496 159 40 364 236 135 592 111 199 692 161
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 142 501 161 40 368 238 136 598 112 201 699 163
RTOR Reduction (vph) 0 0 104 0 0 171 0 0 80 0 23 0
Lane Group Flow (vph) 142 501 57 40 368 67 136 598 32 201 839 0

Turn Type Prot Perm Prot Perm Prot Perm Prot
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2
Actuated Green, G (s) 7.4 26.5 26.5 2.0 21.1 21.1 7.3 21.1 21.1 9.3 23.1
Effective Green, g (s) 7.4 26.5 26.5 2.0 21.1 21.1 7.3 21.1 21.1 9.3 23.1
Actuated g/C Ratio 0.10 0.35 0.35 0.03 0.28 0.28 0.10 0.28 0.28 0.12 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 175 659 560 47 525 446 173 997 446 220 1061
v/s Ratio Prot c0.08 c0.27 0.02 0.20 0.08 0.17 c0.11 c0.24
v/s Ratio Perm 0.04 0.04 0.02
v/c Ratio 0.81 0.76 0.10 0.85 0.70 0.15 0.79 0.60 0.07 0.91 0.79
Uniform Delay, d1 33.1 21.4 16.2 36.3 24.1 20.2 33.0 23.3 19.7 32.4 23.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 24.0 5.2 0.1 77.3 4.2 0.2 20.5 1.0 0.1 37.6 4.1
Delay (s) 57.1 26.5 16.3 113.6 28.3 20.3 53.6 24.2 19.8 70.0 27.8
Level of Service E C B F C C D C B E C
Approach Delay (s) 29.9 30.6 28.4 35.8
Approach LOS C C C D

Intersection Summary

HCM Average Control Delay 31.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 74.9 Sum of lost time (s) 8.0
Intersection Capacity Utilization 74.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 132 584 161 262 585 204 175 1125 527 329 951 115
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 139 615 169 276 616 215 184 1184 555 346 1001 121
RTOR Reduction (vph) 0 0 139 0 0 174 0 0 162 0 0 70
Lane Group Flow (vph) 139 615 30 276 616 41 184 1184 393 346 1001 51

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 7.0 16.0 16.0 8.0 17.0 17.0 12.2 32.0 32.0 18.0 37.8 37.8
Effective Green, g (s) 7.0 16.0 16.0 8.0 17.0 17.0 12.2 32.0 32.0 18.0 37.8 37.8
Actuated g/C Ratio 0.08 0.18 0.18 0.09 0.19 0.19 0.14 0.36 0.36 0.20 0.42 0.42
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 138 629 281 305 668 299 240 1258 563 354 1486 665
v/s Ratio Prot 0.08 0.17 c0.08 c0.17 0.10 c0.33 c0.20 0.28
v/s Ratio Perm 0.02 0.03 0.25 0.03
v/c Ratio 1.01 0.98 0.11 0.90 0.92 0.14 0.77 0.94 0.70 0.98 0.67 0.08
Uniform Delay, d1 41.5 36.8 31.0 40.6 35.9 30.4 37.5 28.1 24.9 35.8 21.1 15.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 78.5 30.0 0.2 28.4 18.3 0.2 13.6 13.7 3.8 41.3 1.2 0.0
Delay (s) 120.0 66.8 31.2 69.0 54.1 30.6 51.1 41.7 28.6 77.1 22.3 15.7
Level of Service F E C E D C D D C E C B
Approach Delay (s) 68.3 53.3 38.9 34.7
Approach LOS E D D C

Intersection Summary

HCM Average Control Delay 45.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 86.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 153 606 63 713 683 199 112 889 439 473 577 141
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 166 659 68 775 742 216 122 966 477 514 627 153
RTOR Reduction (vph) 0 0 57 0 0 163 0 0 261 0 0 98
Lane Group Flow (vph) 166 659 11 775 742 53 122 966 216 514 627 55

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 9.0 14.0 14.0 17.0 22.0 22.0 10.4 22.0 22.0 21.0 32.6 32.6
Effective Green, g (s) 9.0 14.0 14.0 17.0 22.0 22.0 10.4 22.0 22.0 21.0 32.6 32.6
Actuated g/C Ratio 0.10 0.16 0.16 0.19 0.24 0.24 0.12 0.24 0.24 0.23 0.36 0.36
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 177 551 246 648 865 387 205 865 387 413 1282 573
v/s Ratio Prot 0.09 c0.19 c0.23 0.21 0.07 c0.27 c0.29 0.18
v/s Ratio Perm 0.01 0.03 0.14 0.04
v/c Ratio 0.94 1.20 0.04 1.20 0.86 0.14 0.60 1.12 0.56 1.24 0.49 0.10
Uniform Delay, d1 40.2 38.0 32.3 36.5 32.5 26.6 37.8 34.0 29.8 34.5 22.2 19.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 49.3 105.0 0.1 102.7 8.4 0.2 4.6 67.9 1.8 129.0 0.3 0.1
Delay (s) 89.5 143.0 32.4 139.2 40.9 26.7 42.4 101.9 31.5 163.5 22.5 19.0
Level of Service F F C F D C D F C F C B
Approach Delay (s) 124.6 83.1 75.8 78.1
Approach LOS F F E E

Intersection Summary

HCM Average Control Delay 86.6 HCM Level of Service F
HCM Volume to Capacity ratio 1.19
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 101.2% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 127 592 138 196 571 168 105 1088 520 363 1055 117
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 130 604 141 200 583 171 107 1110 531 370 1077 119
RTOR Reduction (vph) 0 0 115 0 0 141 0 0 149 0 0 63
Lane Group Flow (vph) 130 604 26 200 583 30 107 1110 382 370 1077 56

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 7.0 17.0 17.0 6.0 16.0 16.0 8.7 31.7 31.7 20.0 43.0 43.0
Effective Green, g (s) 7.0 17.0 17.0 6.0 16.0 16.0 8.7 31.7 31.7 20.0 43.0 43.0
Actuated g/C Ratio 0.08 0.19 0.19 0.07 0.18 0.18 0.10 0.35 0.35 0.22 0.47 0.47
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 137 663 297 227 624 279 170 1237 553 390 1678 750
v/s Ratio Prot c0.07 c0.17 0.06 0.16 0.06 c0.31 c0.21 0.30
v/s Ratio Perm 0.02 0.02 0.24 0.04
v/c Ratio 0.95 0.91 0.09 0.88 0.93 0.11 0.63 0.90 0.69 0.95 0.64 0.08
Uniform Delay, d1 41.7 36.1 30.5 42.0 36.8 31.4 39.4 28.0 25.3 34.8 18.0 13.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 60.6 16.8 0.1 30.3 21.2 0.2 7.1 8.8 3.7 32.2 0.8 0.0
Delay (s) 102.3 52.9 30.6 72.3 58.0 31.5 46.6 36.8 29.0 67.1 18.9 13.0
Level of Service F D C E E C D D C E B B
Approach Delay (s) 56.6 56.3 35.0 29.8
Approach LOS E E D C

Intersection Summary

HCM Average Control Delay 41.1 HCM Level of Service D
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 90.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 86.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4970 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4970 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 84 620 111 604 1343 200 164 527 536 191 587 104
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 86 633 113 616 1370 204 167 538 547 195 599 106
RTOR Reduction (vph) 0 28 0 0 0 117 0 0 36 0 0 83
Lane Group Flow (vph) 86 718 0 616 1370 87 167 538 511 195 599 23

Turn Type Prot Prot Perm Prot pt+ov Prot Perm
Protected Phases 7 4 3 8 5 2 2 3 1 6
Permitted Phases 8 6
Actuated Green, G (s) 4.5 20.2 20.3 36.0 36.0 9.8 17.0 41.3 11.4 18.6 18.6
Effective Green, g (s) 4.5 20.2 20.3 36.0 36.0 9.8 17.0 41.3 11.4 18.6 18.6
Actuated g/C Ratio 0.05 0.24 0.24 0.42 0.42 0.12 0.20 0.49 0.13 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 1182 821 1501 671 204 709 770 238 775 347
v/s Ratio Prot 0.05 0.14 0.18 c0.39 0.09 0.15 c0.32 c0.11 c0.17
v/s Ratio Perm 0.05 0.01
v/c Ratio 0.91 0.61 0.75 0.91 0.13 0.82 0.76 0.66 0.82 0.77 0.07
Uniform Delay, d1 40.0 28.8 29.9 23.0 14.9 36.7 32.0 16.5 35.7 31.2 26.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 65.2 0.9 3.9 8.8 0.1 21.9 4.7 2.2 19.3 4.8 0.1
Delay (s) 105.2 29.7 33.8 31.7 15.0 58.5 36.7 18.7 55.0 36.0 26.4
Level of Service F C C C B E D B E D C
Approach Delay (s) 37.5 30.8 31.7 39.0
Approach LOS D C C D

Intersection Summary

HCM Average Control Delay 33.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 84.9 Sum of lost time (s) 8.0
Intersection Capacity Utilization 80.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4991 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4991 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 50 650 92 497 1066 126 100 551 453 108 487 62
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 684 97 523 1122 133 105 580 477 114 513 65
RTOR Reduction (vph) 0 20 0 0 0 75 0 0 70 0 0 50
Lane Group Flow (vph) 53 761 0 523 1122 58 105 580 407 114 513 15

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 2.5 19.5 16.6 33.6 33.6 7.1 17.1 33.7 7.3 17.3 17.3
Effective Green, g (s) 2.5 19.5 16.6 33.6 33.6 7.1 17.1 33.7 7.3 17.3 17.3
Actuated g/C Ratio 0.03 0.25 0.22 0.44 0.44 0.09 0.22 0.44 0.10 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 58 1272 745 1554 695 164 791 780 169 800 358
v/s Ratio Prot 0.03 0.15 c0.15 c0.32 0.06 c0.16 c0.11 c0.06 0.14
v/s Ratio Perm 0.04 0.14 0.01
v/c Ratio 0.91 0.60 0.70 0.72 0.08 0.64 0.73 0.52 0.67 0.64 0.04
Uniform Delay, d1 36.9 25.1 27.7 17.6 12.5 33.5 27.6 15.5 33.5 26.8 23.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 86.9 0.8 3.0 1.7 0.1 8.3 3.5 0.6 10.2 1.8 0.0
Delay (s) 123.8 25.8 30.7 19.3 12.5 41.7 31.1 16.2 43.6 28.6 23.2
Level of Service F C C B B D C B D C C
Approach Delay (s) 32.0 22.1 25.9 30.5
Approach LOS C C C C

Intersection Summary

HCM Average Control Delay 26.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 76.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 67.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 0.97 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4980 3433 3539 1583 1770 3539 1583 1770 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4980 3433 3539 1583 1770 3539 1583 1770 3539 1583

Volume (vph) 121 1306 209 480 871 151 126 604 729 115 636 74
Peak-hour factor, PHF 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Adj. Flow (vph) 122 1319 211 485 880 153 127 610 736 116 642 75
RTOR Reduction (vph) 0 24 0 0 0 89 0 0 12 0 0 59
Lane Group Flow (vph) 122 1506 0 485 880 64 127 610 724 116 642 16

Turn Type Prot Prot Perm Prot pm+ov Prot Perm
Protected Phases 7 4 3 8 5 2 3 1 6
Permitted Phases 8 2 6
Actuated Green, G (s) 10.3 28.0 20.0 37.7 37.7 7.0 19.5 39.5 6.0 18.5 18.5
Effective Green, g (s) 10.3 28.0 20.0 37.7 37.7 7.0 19.5 39.5 6.0 18.5 18.5
Actuated g/C Ratio 0.12 0.31 0.22 0.42 0.42 0.08 0.22 0.44 0.07 0.21 0.21
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 204 1558 767 1491 667 138 771 769 119 732 327
v/s Ratio Prot 0.07 c0.30 0.14 0.25 c0.07 0.17 c0.21 0.07 0.18
v/s Ratio Perm 0.04 0.25 0.01
v/c Ratio 0.60 0.97 0.63 0.59 0.10 0.92 0.79 0.94 0.97 0.88 0.05
Uniform Delay, d1 37.6 30.3 31.4 19.9 15.6 41.0 33.1 23.9 41.7 34.4 28.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.7 15.4 1.7 0.6 0.1 53.0 5.6 19.5 74.0 11.5 0.1
Delay (s) 42.3 45.7 33.1 20.6 15.7 94.0 38.6 43.4 115.7 45.9 28.5
Level of Service D D C C B F D D F D C
Approach Delay (s) 45.5 24.1 45.8 54.1
Approach LOS D C D D

Intersection Summary

HCM Average Control Delay 40.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 89.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 91.4% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 448 825 1616 0 0 380
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 453 833 1632 0 0 384
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1632 2954 816
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1632 2954 816
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 0 0 0
cM capacity (veh/h) 394 0 320

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 453 417 417 816 816 384
Volume Left 453 0 0 0 0 0
Volume Right 0 0 0 0 0 384
cSH 394 1700 1700 1700 1700 320
Volume to Capacity 1.15 0.25 0.25 0.48 0.48 1.20
Queue Length 95th (ft) 430 0 0 0 0 416
Control Delay (s) 124.4 0.0 0.0 0.0 0.0 151.1
Lane LOS F F
Approach Delay (s) 43.8 0.0 151.1
Approach LOS F

Intersection Summary

Average Delay 34.6
Intersection Capacity Utilization 76.2% ICU Level of Service D
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 489 939 1314 0 0 351
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 494 948 1327 0 0 355
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1327 2789 664
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1327 2789 664
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 4 100 12
cM capacity (veh/h) 516 1 403

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 494 474 474 664 664 355
Volume Left 494 0 0 0 0 0
Volume Right 0 0 0 0 0 355
cSH 516 1700 1700 1700 1700 403
Volume to Capacity 0.96 0.28 0.28 0.39 0.39 0.88
Queue Length 95th (ft) 307 0 0 0 0 222
Control Delay (s) 58.0 0.0 0.0 0.0 0.0 52.1
Lane LOS F F
Approach Delay (s) 19.9 0.0 52.1
Approach LOS F

Intersection Summary

Average Delay 15.1
Intersection Capacity Utilization 70.1% ICU Level of Service C
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 573 1575 1088 0 0 477
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 591 1624 1122 0 0 492
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1122 3115 561
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1122 3115 561
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 4 100 0
cM capacity (veh/h) 618 0 471

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 591 812 812 561 561 492
Volume Left 591 0 0 0 0 0
Volume Right 0 0 0 0 0 492
cSH 618 1700 1700 1700 1700 471
Volume to Capacity 0.96 0.48 0.48 0.33 0.33 1.04
Queue Length 95th (ft) 331 0 0 0 0 373
Control Delay (s) 51.7 0.0 0.0 0.0 0.0 83.2
Lane LOS F F
Approach Delay (s) 13.8 0.0 83.2
Approach LOS F

Intersection Summary

Average Delay 18.7
Intersection Capacity Utilization 68.5% ICU Level of Service C
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3513 3433 3539 1583 1828 1583 2916 1346
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3513 3433 3539 1583 1828 1583 2916 1346

Volume (vph) 0 921 48 296 1350 142 93 155 233 125 72 20
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 0 959 50 308 1406 148 97 161 243 130 75 21
RTOR Reduction (vph) 0 4 0 0 0 56 0 0 210 0 0 19
Lane Group Flow (vph) 0 1005 0 308 1406 92 0 258 33 0 205 2
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 20% 20% 20%

Turn Type Prot Perm Split Over Split Perm
Protected Phases 4 3 8 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 27.1 10.8 41.9 41.9 15.3 10.8 9.2 9.2
Effective Green, g (s) 27.1 10.8 41.9 41.9 15.3 10.8 9.2 9.2
Actuated g/C Ratio 0.35 0.14 0.53 0.53 0.20 0.14 0.12 0.12
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1214 473 1891 846 357 218 342 158
v/s Ratio Prot c0.29 0.09 c0.40 c0.14 0.02 c0.07
v/s Ratio Perm 0.06 0.00
v/c Ratio 0.83 0.65 0.74 0.11 0.72 0.15 0.60 0.02
Uniform Delay, d1 23.5 32.0 14.1 9.0 29.6 29.8 32.9 30.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.8 3.2 1.6 0.1 7.1 0.3 2.8 0.0
Delay (s) 28.3 35.2 15.7 9.1 36.6 30.1 35.7 30.6
Level of Service C D B A D C D C
Approach Delay (s) 28.3 18.4 33.5 35.2
Approach LOS C B C D

Intersection Summary

HCM Average Control Delay 24.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 78.4 Sum of lost time (s) 16.0
Intersection Capacity Utilization 69.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.99 1.00 0.97 1.00
Satd. Flow (prot) 3517 3433 3539 1583 1837 1583 2924 1346
Flt Permitted 1.00 0.95 1.00 1.00 0.99 1.00 0.97 1.00
Satd. Flow (perm) 3517 3433 3539 1583 1837 1583 2924 1346

Volume (vph) 0 918 39 289 1221 155 52 131 284 159 118 33
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 0 956 41 301 1272 161 54 136 296 166 123 34
RTOR Reduction (vph) 0 3 0 0 0 67 0 0 67 0 0 29
Lane Group Flow (vph) 0 994 0 301 1272 94 0 190 229 0 289 5
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 20% 20% 20%

Turn Type Prot Perm Split pt+ov Split Perm
Protected Phases 4 3 8 6 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 26.7 10.2 40.9 40.9 12.8 27.0 11.8 11.8
Effective Green, g (s) 26.7 10.2 40.9 40.9 12.8 27.0 11.8 11.8
Actuated g/C Ratio 0.34 0.13 0.53 0.53 0.17 0.35 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1212 452 1868 835 303 551 445 205
v/s Ratio Prot c0.28 0.09 c0.36 c0.10 0.14 c0.10
v/s Ratio Perm 0.06 0.00
v/c Ratio 0.82 0.67 0.68 0.11 0.63 0.42 0.65 0.03
Uniform Delay, d1 23.2 32.0 13.5 9.2 30.1 19.2 30.9 28.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.5 3.7 1.0 0.1 4.0 0.5 3.3 0.1
Delay (s) 27.7 35.7 14.5 9.3 34.1 19.7 34.2 28.0
Level of Service C D B A C B C C
Approach Delay (s) 27.7 17.7 25.4 33.5
Approach LOS C B C C

Intersection Summary

HCM Average Control Delay 23.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 77.5 Sum of lost time (s) 16.0
Intersection Capacity Utilization 66.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.97 0.95 1.00 1.00 1.00 0.95 1.00
Frt 0.99 1.00 1.00 0.85 1.00 0.85 1.00 0.85
Flt Protected 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (prot) 3516 3433 3539 1583 1834 1583 3192 1468
Flt Permitted 1.00 0.95 1.00 1.00 0.98 1.00 0.97 1.00
Satd. Flow (perm) 3516 3433 3539 1583 1834 1583 3192 1468

Volume (vph) 0 1414 65 366 1022 166 88 191 500 195 152 35
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 1443 66 373 1043 169 90 195 510 199 155 36
RTOR Reduction (vph) 0 4 0 0 0 75 0 0 18 0 0 32
Lane Group Flow (vph) 0 1505 0 373 1043 94 0 285 492 0 354 4
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 2% 2% 10% 10% 10%

Turn Type Prot Perm Split pt+ov Split Perm
Protected Phases 4 3 8 6 6 6 3 2 2
Permitted Phases 8 2
Actuated Green, G (s) 37.0 9.0 50.0 50.0 18.0 31.0 10.0 10.0
Effective Green, g (s) 37.0 9.0 50.0 50.0 18.0 31.0 10.0 10.0
Actuated g/C Ratio 0.41 0.10 0.56 0.56 0.20 0.34 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1445 343 1966 879 367 545 355 163
v/s Ratio Prot c0.43 0.11 0.29 0.16 c0.31 c0.11
v/s Ratio Perm 0.06 0.00
v/c Ratio 1.04 1.09 0.53 0.11 0.78 0.90 1.09dl 0.02
Uniform Delay, d1 26.5 40.5 12.6 9.4 34.1 28.1 40.0 35.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 35.4 74.0 0.3 0.1 9.9 18.1 46.7 0.1
Delay (s) 61.9 114.5 12.9 9.5 44.0 46.2 86.7 35.7
Level of Service E F B A D D F D
Approach Delay (s) 61.9 36.4 45.4 82.0
Approach LOS E D D F

Intersection Summary

HCM Average Control Delay 51.2 HCM Level of Service D
HCM Volume to Capacity ratio 0.98
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 92.9% ICU Level of Service F
Analysis Period (min) 15
dl    Defacto Left Lane.  Recode with 1 though lane as a left lane.
c    Critical Lane Group
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 155 1058 1369 15 0 141
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 163 1114 1441 16 0 148
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 663 984
pX, platoon unblocked 0.72 0.77 0.72
vC, conflicting volume 1457 2332 728
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1242 1993 226
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 59 100 73
cM capacity (veh/h) 399 24 557

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 163 557 557 961 496 148
Volume Left 163 0 0 0 0 0
Volume Right 0 0 0 0 16 148
cSH 399 1700 1700 1700 1700 557
Volume to Capacity 0.41 0.33 0.33 0.57 0.29 0.27
Queue Length 95th (ft) 49 0 0 0 0 27
Control Delay (s) 20.1 0.0 0.0 0.0 0.0 13.8
Lane LOS C B
Approach Delay (s) 2.6 0.0 13.8
Approach LOS B

Intersection Summary

Average Delay 1.9
Intersection Capacity Utilization 53.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 164 989 1482 11 0 133
Peak Hour Factor 0.98 0.98 0.98 0.98 0.98 0.98
Hourly flow rate (vph) 167 1009 1512 11 0 136
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 663 984
pX, platoon unblocked 0.66 0.71 0.66
vC, conflicting volume 1523 2357 762
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1274 2014 114
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 53 100 77
cM capacity (veh/h) 355 19 602

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 167 505 505 1008 515 136
Volume Left 167 0 0 0 0 0
Volume Right 0 0 0 0 11 136
cSH 355 1700 1700 1700 1700 602
Volume to Capacity 0.47 0.30 0.30 0.59 0.30 0.23
Queue Length 95th (ft) 61 0 0 0 0 22
Control Delay (s) 23.9 0.0 0.0 0.0 0.0 12.7
Lane LOS C B
Approach Delay (s) 3.4 0.0 12.7
Approach LOS B

Intersection Summary

Average Delay 2.0
Intersection Capacity Utilization 57.1% ICU Level of Service B
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT WBT WBR SBL SBR

Lane Configurations
Sign Control Free Free Yield
Grade 0% 0% 0%
Volume (veh/h) 104 1460 1206 9 0 157
Peak Hour Factor 0.99 0.99 0.99 0.99 0.99 0.99
Hourly flow rate (vph) 105 1475 1218 9 0 159
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 657 984
pX, platoon unblocked 0.82 0.81 0.82
vC, conflicting volume 1227 2170 614
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1058 1541 309
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 80 100 72
cM capacity (veh/h) 536 69 563

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1

Volume Total 105 737 737 812 415 159
Volume Left 105 0 0 0 0 0
Volume Right 0 0 0 0 9 159
cSH 536 1700 1700 1700 1700 563
Volume to Capacity 0.20 0.43 0.43 0.48 0.24 0.28
Queue Length 95th (ft) 18 0 0 0 0 29
Control Delay (s) 13.3 0.0 0.0 0.0 0.0 13.9
Lane LOS B B
Approach Delay (s) 0.9 0.0 13.9
Approach LOS B

Intersection Summary

Average Delay 1.2
Intersection Capacity Utilization 50.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 131 44 26 264 193 98
Peak Hour Factor 0.85 0.85 0.85 0.85 0.85 0.85
Hourly flow rate (vph) 154 52 31 311 227 115
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked
vC, conflicting volume 599 227 342
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 599 227 342
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 66 94 97
cM capacity (veh/h) 453 812 1217

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 154 52 341 227 115
Volume Left 154 0 31 0 0
Volume Right 0 52 0 0 115
cSH 453 812 1217 1700 1700
Volume to Capacity 0.34 0.06 0.03 0.13 0.07
Queue Length 95th (ft) 37 5 2 0 0
Control Delay (s) 17.0 9.7 0.9 0.0 0.0
Lane LOS C A A
Approach Delay (s) 15.2 0.9 0.0
Approach LOS C

Intersection Summary

Average Delay 3.9
Intersection Capacity Utilization 42.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 142 28 25 286 234 120
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90
Hourly flow rate (vph) 158 31 28 318 260 133
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked
vC, conflicting volume 633 260 393
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 633 260 393
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 64 96 98
cM capacity (veh/h) 433 779 1165

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 158 31 346 260 133
Volume Left 158 0 28 0 0
Volume Right 0 31 0 0 133
cSH 433 779 1165 1700 1700
Volume to Capacity 0.36 0.04 0.02 0.15 0.08
Queue Length 95th (ft) 41 3 2 0 0
Control Delay (s) 18.0 9.8 0.9 0.0 0.0
Lane LOS C A A
Approach Delay (s) 16.7 0.9 0.0
Approach LOS C

Intersection Summary

Average Delay 3.7
Intersection Capacity Utilization 46.6% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 82 32 48 319 342 165
Peak Hour Factor 0.80 0.80 0.80 0.80 0.80 0.80
Hourly flow rate (vph) 102 40 60 399 428 206
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 856
pX, platoon unblocked 0.98
vC, conflicting volume 946 428 634
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 945 428 634
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 62 94 94
cM capacity (veh/h) 267 627 949

Direction, Lane # EB 1 EB 2 NB 1 SB 1 SB 2

Volume Total 102 40 459 428 206
Volume Left 102 0 60 0 0
Volume Right 0 40 0 0 206
cSH 267 627 949 1700 1700
Volume to Capacity 0.38 0.06 0.06 0.25 0.12
Queue Length 95th (ft) 43 5 5 0 0
Control Delay (s) 26.7 11.1 1.8 0.0 0.0
Lane LOS D B A
Approach Delay (s) 22.3 1.8 0.0
Approach LOS C

Intersection Summary

Average Delay 3.3
Intersection Capacity Utilization 52.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 1 0 7 159 0 1 4 152 199 12 161 2
Peak Hour Factor 0.92 0.92 0.92 0.85 0.92 0.85 0.92 0.85 0.85 0.85 0.85 0.92
Hourly flow rate (vph) 1 0 8 187 0 1 4 179 234 14 189 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 407 640 190 531 524 296 192 413
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 407 640 190 531 524 296 192 413
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 99 58 100 100 100 99
cM capacity (veh/h) 547 387 851 450 451 743 1382 1146

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1

Volume Total 9 188 4 413 206
Volume Left 1 187 4 0 14
Volume Right 8 1 0 234 2
cSH 796 451 1382 1700 1146
Volume to Capacity 0.01 0.42 0.00 0.24 0.01
Queue Length 95th (ft) 1 51 0 0 1
Control Delay (s) 9.6 18.6 7.6 0.0 0.7
Lane LOS A C A A
Approach Delay (s) 9.6 18.6 0.1 0.7
Approach LOS A C

Intersection Summary

Average Delay 4.6
Intersection Capacity Utilization 42.4% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 1 0 12 171 0 8 5 166 249 17 168 1
Peak Hour Factor 0.92 0.92 0.92 0.85 0.92 0.85 0.92 0.85 0.85 0.85 0.85 0.92
Hourly flow rate (vph) 1 0 13 201 0 9 5 195 293 20 198 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 454 737 198 604 591 342 199 488
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 454 737 198 604 591 342 199 488
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 98 49 100 99 100 98
cM capacity (veh/h) 501 338 843 397 410 701 1374 1075

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1

Volume Total 14 211 5 488 219
Volume Left 1 201 5 0 20
Volume Right 13 9 0 293 1
cSH 801 405 1374 1700 1075
Volume to Capacity 0.02 0.52 0.00 0.29 0.02
Queue Length 95th (ft) 1 73 0 0 1
Control Delay (s) 9.6 23.1 7.6 0.0 0.9
Lane LOS A C A A
Approach Delay (s) 9.6 23.1 0.1 0.9
Approach LOS A C

Intersection Summary

Average Delay 5.6
Intersection Capacity Utilization 47.3% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Volume (veh/h) 0 2 7 253 0 1 7 193 247 6 242 3
Peak Hour Factor 0.92 0.92 0.92 0.89 0.92 0.89 0.92 0.89 0.89 0.89 0.89 0.92
Hourly flow rate (vph) 0 2 8 284 0 1 8 217 278 7 272 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1222
pX, platoon unblocked
vC, conflicting volume 519 795 272 665 659 356 275 494
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 519 795 272 665 659 356 275 494
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 99 99 22 100 100 99 99
cM capacity (veh/h) 463 316 767 365 379 688 1288 1069

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1 SB 2

Volume Total 10 285 8 494 279 3
Volume Left 0 284 8 0 7 0
Volume Right 8 1 0 278 0 3
cSH 582 365 1288 1700 1069 1700
Volume to Capacity 0.02 0.78 0.01 0.29 0.01 0.00
Queue Length 95th (ft) 1 162 0 0 0 0
Control Delay (s) 11.3 42.4 7.8 0.0 0.3 0.0
Lane LOS B E A A
Approach Delay (s) 11.3 42.4 0.1 0.3
Approach LOS B E

Intersection Summary

Average Delay 11.4
Intersection Capacity Utilization 52.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.87 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.97 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5085 1770 1619 1803 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.75 1.00 0.82 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5085 1404 1619 1536 1583

Volume (vph) 26 1190 82 64 1534 0 50 4 26 4 2 19
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 27 1214 84 65 1565 0 51 4 27 4 2 19
RTOR Reduction (vph) 0 0 27 0 0 0 0 25 0 0 0 17
Lane Group Flow (vph) 27 1214 57 65 1565 0 51 6 0 0 6 2

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 3.3 50.8 50.8 6.2 53.7 6.3 6.3 6.3 6.3
Effective Green, g (s) 3.3 50.8 50.8 6.2 53.7 6.3 6.3 6.3 6.3
Actuated g/C Ratio 0.04 0.67 0.67 0.08 0.71 0.08 0.08 0.08 0.08
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 78 2388 1068 146 3626 117 135 129 132
v/s Ratio Prot 0.02 c0.34 c0.04 c0.31 0.00
v/s Ratio Perm 0.04 c0.04 0.00 0.00
v/c Ratio 0.35 0.51 0.05 0.45 0.43 0.44 0.05 0.05 0.01
Uniform Delay, d1 35.0 6.1 4.1 32.9 4.5 32.8 31.7 31.7 31.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.7 0.2 0.0 2.2 0.1 2.6 0.1 0.1 0.0
Delay (s) 37.6 6.2 4.2 35.1 4.6 35.4 31.9 31.9 31.7
Level of Service D A A D A D C C C
Approach Delay (s) 6.7 5.8 34.1 31.7
Approach LOS A A C C

Intersection Summary

HCM Average Control Delay 7.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 75.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 55.9% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.87 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5085 1770 1623 1779 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.73 1.00 0.70 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5085 1368 1623 1298 1583

Volume (vph) 30 1008 99 79 1489 0 91 8 47 31 2 73
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 32 1061 104 83 1567 0 96 8 49 33 2 77
RTOR Reduction (vph) 0 0 39 0 0 0 0 44 0 0 0 69
Lane Group Flow (vph) 32 1061 65 83 1567 0 96 13 0 0 35 8

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 3.0 42.0 42.0 5.9 44.9 7.1 7.1 7.1 7.1
Effective Green, g (s) 3.0 42.0 42.0 5.9 44.9 7.1 7.1 7.1 7.1
Actuated g/C Ratio 0.04 0.63 0.63 0.09 0.67 0.11 0.11 0.11 0.11
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 79 2218 992 156 3408 145 172 138 168
v/s Ratio Prot 0.02 0.30 c0.05 c0.31 0.01
v/s Ratio Perm 0.04 c0.07 0.03 0.01
v/c Ratio 0.41 0.48 0.07 0.53 0.46 0.66 0.08 0.25 0.05
Uniform Delay, d1 31.1 6.7 4.9 29.2 5.3 28.8 27.0 27.5 26.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.4 0.2 0.0 3.5 0.1 10.8 0.2 1.0 0.1
Delay (s) 34.5 6.8 4.9 32.7 5.4 39.6 27.2 28.5 27.0
Level of Service C A A C A D C C C
Approach Delay (s) 7.4 6.7 35.0 27.5
Approach LOS A A C C

Intersection Summary

HCM Average Control Delay 9.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 67.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 53.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 1.00 0.86 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.99 1.00
Satd. Flow (prot) 1770 3539 1583 1770 5085 1770 1598 1846 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.75 1.00 0.96 1.00
Satd. Flow (perm) 1770 3539 1583 1770 5085 1398 1598 1791 1583

Volume (vph) 18 1435 124 97 1122 0 140 4 72 2 9 21
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 18 1464 127 99 1145 0 143 4 73 2 9 21
RTOR Reduction (vph) 0 0 49 0 0 0 0 63 0 0 0 18
Lane Group Flow (vph) 18 1464 78 99 1145 0 143 14 0 0 11 3

Turn Type Prot Perm Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 4 2 6 6
Actuated Green, G (s) 1.7 48.4 48.4 7.3 54.0 11.3 11.3 11.3 11.3
Effective Green, g (s) 1.7 48.4 48.4 7.3 54.0 11.3 11.3 11.3 11.3
Actuated g/C Ratio 0.02 0.61 0.61 0.09 0.68 0.14 0.14 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 38 2168 970 164 3476 200 229 256 226
v/s Ratio Prot 0.01 c0.41 c0.06 0.23 0.01
v/s Ratio Perm 0.05 c0.10 0.01 0.00
v/c Ratio 0.47 0.68 0.08 0.60 0.33 0.71 0.06 0.04 0.01
Uniform Delay, d1 38.2 10.1 6.2 34.5 5.1 32.3 29.3 29.2 29.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 9.0 0.8 0.0 6.1 0.1 11.5 0.1 0.1 0.0
Delay (s) 47.2 11.0 6.3 40.6 5.2 43.8 29.4 29.3 29.1
Level of Service D B A D A D C C C
Approach Delay (s) 11.0 8.0 38.8 29.1
Approach LOS B A D C

Intersection Summary

HCM Average Control Delay 11.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 79.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 69.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 813 12 90 1609 19 8 21 26 2 10 0
Peak Hour Factor 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Hourly flow rate (vph) 0 838 12 93 1659 21 8 23 27 2 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1679 851 1865 2709 425 2302 2695 829
vC1, stage 1 conf vol 844 844 1844 1844
vC2, stage 2 conf vol 1020 1865 457 851
vCu, unblocked vol 1679 851 1865 2709 425 2302 2695 829
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 88 95 77 95 97 89 100
cM capacity (veh/h) 377 784 169 100 577 66 99 314

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 559 292 93 829 829 21 58 13
Volume Left 0 0 93 0 0 0 8 2
Volume Right 0 12 0 0 0 21 27 0
cSH 1700 1700 784 1700 1700 1700 179 92
Volume to Capacity 0.33 0.17 0.12 0.49 0.49 0.01 0.32 0.14
Queue Length 95th (ft) 0 0 10 0 0 0 33 12
Control Delay (s) 0.0 0.0 10.2 0.0 0.0 0.0 34.5 50.7
Lane LOS B D F
Approach Delay (s) 0.0 0.5 34.5 50.7
Approach LOS D F

Intersection Summary

Average Delay 1.3
Intersection Capacity Utilization 55.2% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 891 50 71 1309 25 4 25 41 2 15 0
Peak Hour Factor 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Hourly flow rate (vph) 0 919 52 73 1349 27 4 27 42 2 16 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1377 970 1774 2467 485 2011 2466 675
vC1, stage 1 conf vol 944 944 1496 1496
vC2, stage 2 conf vol 829 1523 515 970
vCu, unblocked vol 1377 970 1774 2467 485 2011 2466 675
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 90 98 81 92 98 88 100
cM capacity (veh/h) 494 706 193 142 528 108 136 397

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 612 358 73 675 675 27 74 18
Volume Left 0 0 73 0 0 0 4 2
Volume Right 0 52 0 0 0 27 42 0
cSH 1700 1700 706 1700 1700 1700 251 132
Volume to Capacity 0.36 0.21 0.10 0.40 0.40 0.02 0.29 0.14
Queue Length 95th (ft) 0 0 9 0 0 0 30 12
Control Delay (s) 0.0 0.0 10.7 0.0 0.0 0.0 25.2 36.6
Lane LOS B D E
Approach Delay (s) 0.0 0.5 25.2 36.6
Approach LOS D E

Intersection Summary

Average Delay 1.3
Intersection Capacity Utilization 47.5% ICU Level of Service A
Analysis Period (min) 15



Kahului Harbor Master Plan 2030 Alternative B - PM
81: Hana Hwy & Hanakai St

7/25/2007 Synchro 6 Report
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 0 1557 18 26 1069 27 18 16 34 2 11 0
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 0 1605 19 27 1102 28 19 16 35 2 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1130 1624 2225 2798 812 2002 2779 551
vC1, stage 1 conf vol 1614 1614 1156 1156
vC2, stage 2 conf vol 610 1184 846 1624
vCu, unblocked vol 1130 1624 2225 2798 812 2002 2779 551
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s) 6.5 5.5 6.5 5.5
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 93 82 87 89 99 90 100
cM capacity (veh/h) 614 397 102 129 322 146 114 478

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 WB 4 NB 1 SB 1

Volume Total 1070 554 27 551 551 28 70 13
Volume Left 0 0 27 0 0 0 19 2
Volume Right 0 19 0 0 0 28 35 0
cSH 1700 1700 397 1700 1700 1700 168 118
Volume to Capacity 0.63 0.33 0.07 0.32 0.32 0.02 0.42 0.11
Queue Length 95th (ft) 0 0 5 0 0 0 47 9
Control Delay (s) 0.0 0.0 14.7 0.0 0.0 0.0 41.1 39.5
Lane LOS B E E
Approach Delay (s) 0.0 0.3 41.1 39.5
Approach LOS E E

Intersection Summary

Average Delay 1.3
Intersection Capacity Utilization 56.8% ICU Level of Service B
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 448 0 12 380 0 39
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 487 0 13 413 0 42
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 487 926 487
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 487 926 487
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 93
cM capacity (veh/h) 1076 295 581

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 487 13 413 42
Volume Left 0 13 0 0
Volume Right 0 0 0 42
cSH 1700 1076 1700 581
Volume to Capacity 0.29 0.01 0.24 0.07
Queue Length 95th (ft) 0 1 0 6
Control Delay (s) 0.0 8.4 0.0 11.7
Lane LOS A B
Approach Delay (s) 0.0 0.3 11.7
Approach LOS B

Intersection Summary

Average Delay 0.6
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 498 0 17 351 0 39
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 541 0 18 382 0 42
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 541 960 541
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 541 960 541
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 92
cM capacity (veh/h) 1027 280 541

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 541 18 382 42
Volume Left 0 18 0 0
Volume Right 0 0 0 42
cSH 1700 1027 1700 541
Volume to Capacity 0.32 0.02 0.22 0.08
Queue Length 95th (ft) 0 1 0 6
Control Delay (s) 0.0 8.6 0.0 12.2
Lane LOS A B
Approach Delay (s) 0.0 0.4 12.2
Approach LOS B

Intersection Summary

Average Delay 0.7
Intersection Capacity Utilization 36.2% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 573 0 13 477 0 44
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 591 0 13 492 0 45
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 591 1109 591
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 591 1109 591
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 91
cM capacity (veh/h) 985 229 507

Direction, Lane # EB 1 WB 1 WB 2 NB 1

Volume Total 591 13 492 45
Volume Left 0 13 0 0
Volume Right 0 0 0 45
cSH 1700 985 1700 507
Volume to Capacity 0.35 0.01 0.29 0.09
Queue Length 95th (ft) 0 1 0 7
Control Delay (s) 0.0 8.7 0.0 12.8
Lane LOS A B
Approach Delay (s) 0.0 0.2 12.8
Approach LOS B

Intersection Summary

Average Delay 0.6
Intersection Capacity Utilization 40.2% ICU Level of Service A
Analysis Period (min) 15
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.97 1.00 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.91 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.97 1.00
Satd. Flow (prot) 1770 4814 1770 5076 3433 1704 1812 1583
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.97 1.00
Satd. Flow (perm) 1770 4814 1770 5076 3433 1704 1812 1583

Volume (vph) 39 1276 705 59 1533 19 589 22 28 24 19 23
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 40 1302 719 60 1564 19 601 22 29 24 19 23
RTOR Reduction (vph) 0 104 0 0 1 0 0 22 0 0 0 22
Lane Group Flow (vph) 40 1917 0 60 1582 0 601 29 0 0 43 1

Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases 2
Actuated Green, G (s) 2.9 35.1 2.9 35.1 17.7 17.7 1.9 1.9
Effective Green, g (s) 2.9 35.1 2.9 35.1 17.7 17.7 1.9 1.9
Actuated g/C Ratio 0.04 0.48 0.04 0.48 0.24 0.24 0.03 0.03
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 70 2296 70 2421 826 410 47 41
v/s Ratio Prot 0.02 c0.40 c0.03 0.31 c0.18 0.02 c0.02
v/s Ratio Perm 0.00
v/c Ratio 0.57 0.83 0.86 0.65 0.73 0.07 0.91 0.01
Uniform Delay, d1 34.7 16.7 35.1 14.6 25.7 21.6 35.8 34.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 10.8 2.8 60.4 0.6 3.2 0.1 98.6 0.1
Delay (s) 45.5 19.5 95.6 15.3 29.0 21.7 134.4 35.1
Level of Service D B F B C C F D
Approach Delay (s) 20.0 18.2 28.4 99.8
Approach LOS C B C F

Intersection Summary

HCM Average Control Delay 21.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 73.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 77.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.97 1.00 1.00 1.00
Frt 1.00 0.94 1.00 0.99 1.00 0.95 1.00 0.90
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 4774 1770 5019 3433 1762 1770 1678
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1770 4774 1770 5019 3433 1762 1770 1678

Volume (vph) 224 928 638 70 1447 137 548 120 68 142 91 179
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 238 987 679 74 1539 146 583 128 72 151 97 190
RTOR Reduction (vph) 0 133 0 0 12 0 0 23 0 0 79 0
Lane Group Flow (vph) 238 1533 0 74 1673 0 583 177 0 151 208 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 13.0 40.1 4.8 31.9 16.8 16.8 12.6 12.6
Effective Green, g (s) 13.0 40.1 4.8 31.9 16.8 16.8 12.6 12.6
Actuated g/C Ratio 0.14 0.44 0.05 0.35 0.19 0.19 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 255 2120 94 1773 639 328 247 234
v/s Ratio Prot c0.13 0.32 0.04 c0.33 c0.17 0.10 0.09 c0.12
v/s Ratio Perm
v/c Ratio 0.93 0.72 0.79 0.94 0.91 0.54 0.61 0.89
Uniform Delay, d1 38.2 20.6 42.2 28.3 36.0 33.3 36.5 38.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 38.5 1.2 34.1 10.8 17.4 1.8 4.4 30.7
Delay (s) 76.7 21.8 76.3 39.1 53.4 35.1 41.0 68.8
Level of Service E C E D D D D E
Approach Delay (s) 28.7 40.7 48.7 59.2
Approach LOS C D D E

Intersection Summary

HCM Average Control Delay 38.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.93
Actuated Cycle Length (s) 90.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 88.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers Associates, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.91 1.00 0.91 0.97 1.00 1.00 1.00
Frt 1.00 0.95 1.00 1.00 1.00 0.88 1.00 0.94
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 4838 1770 5080 3433 1632 1770 1745
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1770 4838 1770 5080 3433 1632 1770 1745

Volume (vph) 24 1498 718 34 1228 8 883 10 46 28 28 21
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 24 1529 733 35 1253 8 901 10 47 29 29 21
RTOR Reduction (vph) 0 81 0 0 1 0 0 33 0 0 20 0
Lane Group Flow (vph) 24 2181 0 35 1260 0 901 24 0 29 30 0

Turn Type Prot Prot Split Split
Protected Phases 7 4 3 8 6 6 2 2
Permitted Phases
Actuated Green, G (s) 1.8 46.3 2.2 46.7 27.8 27.8 3.0 3.0
Effective Green, g (s) 1.8 46.3 2.2 46.7 27.8 27.8 3.0 3.0
Actuated g/C Ratio 0.02 0.49 0.02 0.49 0.29 0.29 0.03 0.03
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 33 2350 41 2489 1001 476 56 55
v/s Ratio Prot 0.01 c0.45 c0.02 0.25 c0.26 0.01 0.02 c0.02
v/s Ratio Perm
v/c Ratio 0.73 0.93 0.85 0.51 0.90 0.05 0.52 0.54
Uniform Delay, d1 46.5 22.9 46.4 16.5 32.4 24.3 45.4 45.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 56.6 7.1 85.0 0.2 10.9 0.0 7.9 9.8
Delay (s) 103.1 30.0 131.4 16.6 43.4 24.3 53.3 55.3
Level of Service F C F B D C D E
Approach Delay (s) 30.8 19.7 42.2 54.5
Approach LOS C B D D

Intersection Summary

HCM Average Control Delay 30.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 95.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 83.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583

Volume (vph) 132 584 161 262 585 204 175 1125 527 329 951 115
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 139 615 169 276 616 215 184 1184 555 346 1001 121
RTOR Reduction (vph) 0 0 134 0 0 172 0 0 154 0 0 75
Lane Group Flow (vph) 139 615 35 276 616 43 184 1184 401 346 1001 46

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 8.8 18.1 18.1 8.0 17.3 17.3 12.0 34.1 34.1 10.8 32.9 32.9
Effective Green, g (s) 8.8 18.1 18.1 8.0 17.3 17.3 12.0 34.1 34.1 10.8 32.9 32.9
Actuated g/C Ratio 0.10 0.21 0.21 0.09 0.20 0.20 0.14 0.39 0.39 0.12 0.38 0.38
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 179 736 329 316 704 315 244 1387 620 426 1338 599
v/s Ratio Prot 0.08 0.17 c0.08 c0.17 c0.10 c0.33 0.10 0.28
v/s Ratio Perm 0.02 0.03 0.25 0.03
v/c Ratio 0.78 0.84 0.11 0.87 0.88 0.14 0.75 0.85 0.65 0.81 0.75 0.08
Uniform Delay, d1 38.1 33.0 27.9 39.0 33.8 28.7 36.1 24.2 21.5 37.1 23.5 17.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 18.8 8.2 0.1 22.4 11.7 0.2 12.4 5.3 2.3 11.2 2.3 0.1
Delay (s) 56.9 41.2 28.0 61.4 45.5 28.9 48.5 29.5 23.9 48.3 25.8 17.4
Level of Service E D C E D C D C C D C B
Approach Delay (s) 41.1 46.2 29.7 30.4
Approach LOS D D C C

Intersection Summary

HCM Average Control Delay 35.2 HCM Level of Service D
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 87.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 77.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583

Volume (vph) 127 592 138 196 571 168 105 1088 520 363 1055 117
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 130 604 141 200 583 171 107 1110 531 370 1077 119
RTOR Reduction (vph) 0 0 111 0 0 138 0 0 155 0 0 66
Lane Group Flow (vph) 130 604 30 200 583 33 107 1110 376 370 1077 53

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 8.6 18.3 18.3 7.1 16.8 16.8 6.1 33.2 33.2 11.5 38.6 38.6
Effective Green, g (s) 8.6 18.3 18.3 7.1 16.8 16.8 6.1 33.2 33.2 11.5 38.6 38.6
Actuated g/C Ratio 0.10 0.21 0.21 0.08 0.20 0.20 0.07 0.39 0.39 0.13 0.45 0.45
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 177 752 336 283 691 309 125 1365 610 459 1587 710
v/s Ratio Prot c0.07 c0.17 0.06 0.16 0.06 c0.31 c0.11 0.30
v/s Ratio Perm 0.02 0.02 0.24 0.03
v/c Ratio 0.73 0.80 0.09 0.71 0.84 0.11 0.86 0.81 0.62 0.81 0.68 0.08
Uniform Delay, d1 37.6 32.2 27.2 38.5 33.4 28.5 39.6 23.7 21.3 36.2 18.8 13.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 14.6 6.2 0.1 7.8 9.2 0.2 40.2 3.8 1.9 10.0 1.2 0.0
Delay (s) 52.2 38.4 27.3 46.3 42.6 28.6 79.7 27.5 23.2 46.2 20.0 13.6
Level of Service D D C D D C E C C D C B
Approach Delay (s) 38.7 40.9 29.4 25.7
Approach LOS D D C C

Intersection Summary

HCM Average Control Delay 32.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 86.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 76.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583

Volume (vph) 153 606 63 713 683 199 112 889 439 473 577 141
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 166 659 68 775 742 216 122 966 477 514 627 153
RTOR Reduction (vph) 0 0 56 0 0 155 0 0 290 0 0 106
Lane Group Flow (vph) 166 659 12 775 742 61 122 966 187 514 627 47

Turn Type Prot Perm Prot Perm Prot Perm Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 10.6 16.0 16.0 20.0 25.4 25.4 10.4 25.0 25.0 13.0 27.6 27.6
Effective Green, g (s) 10.6 16.0 16.0 20.0 25.4 25.4 10.4 25.0 25.0 13.0 27.6 27.6
Actuated g/C Ratio 0.12 0.18 0.18 0.22 0.28 0.28 0.12 0.28 0.28 0.14 0.31 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 208 629 281 763 999 447 205 983 440 496 1085 485
v/s Ratio Prot 0.09 c0.19 c0.23 0.21 0.07 c0.27 c0.15 c0.18
v/s Ratio Perm 0.01 0.04 0.12 0.03
v/c Ratio 0.80 1.05 0.04 1.02 0.74 0.14 0.60 0.98 0.43 1.04 0.58 0.10
Uniform Delay, d1 38.7 37.0 30.7 35.0 29.3 24.1 37.8 32.3 26.6 38.5 26.3 22.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 18.9 49.0 0.1 36.6 3.0 0.1 4.6 24.4 0.7 50.1 0.8 0.1
Delay (s) 57.5 86.0 30.7 71.6 32.4 24.3 42.4 56.7 27.3 88.6 27.0 22.4
Level of Service E F C E C C D E C F C C
Approach Delay (s) 76.5 48.9 46.6 50.9
Approach LOS E D D D

Intersection Summary

HCM Average Control Delay 53.2 HCM Level of Service D
HCM Volume to Capacity ratio 1.06
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 88.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00 0.85 0.94 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.99 0.99
Satd. Flow (prot) 1770 3532 1770 3539 1583 1734 1849
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 0.97
Satd. Flow (perm) 1770 3532 1770 3539 1583 1656 1811

Volume (vph) 448 813 12 90 1609 19 8 21 26 2 10 0
Peak-hour factor, PHF 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Adj. Flow (vph) 487 838 12 93 1659 21 8 23 27 2 11 0
RTOR Reduction (vph) 0 1 0 0 0 10 0 26 0 0 0 0
Lane Group Flow (vph) 487 849 0 93 1659 11 0 32 0 0 13 0

Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 8 2 6
Actuated Green, G (s) 25.0 61.0 7.0 43.0 43.0 3.6 3.6
Effective Green, g (s) 25.0 61.0 7.0 43.0 43.0 3.6 3.6
Actuated g/C Ratio 0.30 0.73 0.08 0.51 0.51 0.04 0.04
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 529 2577 148 1820 814 71 78
v/s Ratio Prot c0.28 0.24 0.05 c0.47
v/s Ratio Perm 0.01 c0.02 0.01
v/c Ratio 0.92 0.33 0.63 0.91 0.01 0.45 0.17
Uniform Delay, d1 28.3 4.0 37.0 18.6 9.9 39.0 38.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 21.5 0.1 8.1 7.4 0.0 4.5 1.0
Delay (s) 49.8 4.1 45.1 25.9 9.9 43.6 39.6
Level of Service D A D C A D D
Approach Delay (s) 20.8 26.7 43.6 39.6
Approach LOS C C D D

Intersection Summary

HCM Average Control Delay 24.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 83.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 83.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.85 0.92 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.99
Satd. Flow (prot) 1770 3511 1770 3539 1583 1713 1852
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.98 0.96
Satd. Flow (perm) 1770 3511 1770 3539 1583 1681 1789

Volume (vph) 489 891 50 71 1309 25 4 25 41 2 15 0
Peak-hour factor, PHF 0.92 0.97 0.97 0.97 0.97 0.92 0.97 0.92 0.97 0.92 0.92 0.92
Adj. Flow (vph) 532 919 52 73 1349 27 4 27 42 2 16 0
RTOR Reduction (vph) 0 4 0 0 0 15 0 40 0 0 0 0
Lane Group Flow (vph) 532 967 0 73 1349 12 0 33 0 0 18 0

Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 8 2 6
Actuated Green, G (s) 26.5 56.1 6.0 35.6 35.6 4.2 4.2
Effective Green, g (s) 26.5 56.1 6.0 35.6 35.6 4.2 4.2
Actuated g/C Ratio 0.34 0.72 0.08 0.45 0.45 0.05 0.05
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 599 2516 136 1609 720 90 96
v/s Ratio Prot c0.30 0.28 0.04 c0.38
v/s Ratio Perm 0.01 c0.02 0.01
v/c Ratio 0.89 0.38 0.54 0.84 0.02 0.37 0.19
Uniform Delay, d1 24.5 4.3 34.8 18.8 11.7 35.8 35.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 14.9 0.1 4.0 4.0 0.0 2.6 0.9
Delay (s) 39.4 4.4 38.8 22.8 11.7 38.3 36.4
Level of Service D A D C B D D
Approach Delay (s) 16.8 23.4 38.3 36.4
Approach LOS B C D D

Intersection Summary

HCM Average Control Delay 20.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 78.3 Sum of lost time (s) 12.0
Intersection Capacity Utilization 77.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00 0.85 0.93 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.99 0.99
Satd. Flow (prot) 1770 3533 1770 3539 1583 1714 1849
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.91 0.98
Satd. Flow (perm) 1770 3533 1770 3539 1583 1577 1818

Volume (vph) 573 1557 18 26 1069 27 18 16 34 2 11 0
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 591 1605 19 27 1102 28 19 16 35 2 11 0
RTOR Reduction (vph) 0 1 0 0 0 16 0 34 0 0 0 0
Lane Group Flow (vph) 591 1623 0 27 1102 12 0 36 0 0 13 0

Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 8 2 6
Actuated Green, G (s) 27.4 56.5 1.5 30.6 30.6 2.8 2.8
Effective Green, g (s) 27.4 56.5 1.5 30.6 30.6 2.8 2.8
Actuated g/C Ratio 0.38 0.78 0.02 0.42 0.42 0.04 0.04
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 666 2742 36 1488 665 61 70
v/s Ratio Prot c0.33 0.46 0.02 c0.31
v/s Ratio Perm 0.01 c0.02 0.01
v/c Ratio 0.89 0.59 0.75 0.74 0.02 0.60 0.19
Uniform Delay, d1 21.3 3.4 35.5 17.8 12.3 34.4 33.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 13.6 0.3 59.8 2.0 0.0 14.7 1.3
Delay (s) 34.8 3.7 95.2 19.8 12.3 49.1 35.2
Level of Service C A F B B D D
Approach Delay (s) 12.0 21.4 49.1 35.2
Approach LOS B C D D

Intersection Summary

HCM Average Control Delay 16.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 72.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 77.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Fehr & Peers 7/25/2007

TRAFFIC SIGNAL WARRANTS

EIGHT-HOUR VEHICULAR VOLUME (MUTCD Warrant 1, Caltrans Warrants 1, 2 & 8)

Major Street: Hana Hwy westbound
Minor Street: Hana Hwy eastbound left onto Haleakala Hwy
Scenario: Cumulative plus Project Alternative A - AM
Urban/Rural: u  (U=urban, R=rural or high speed [c])

MINIMUM VEHICULAR VOLUME

(MUTCD Condition A, Caltrans Warrant 1) Minimum Requirements

Number of Lanes Vehicles Per Hour Vehicles Per Hour
Number of Lanes on Each Approach for Moving Traffic (eighth highest hour) on (eighth highest hour) on

Major Street: 2 on Each Approach Major Street (Total Higher-Volume Minor Street
Minor Street: 1 Major Minor of Both Approaches) Approach (1 Direction Only)

Vehicles Per Hour (8th Highest Hour) Street Street 100% [a] 80% [b] 70% [c] 100% [a] 80% [b] 70% [c]
Major Street (Approach 1): 774 1 1 500 400 350 150 120 105
Major Street (Approach 2): 1,033 >=2 1 600 480 420 150 120 105
Major Street Left Turn (see note [d]): 269 >=2 >=2 600 480 420 200 160 140
Minor Street (Higher Volume App.): 33 1 >=2 500 400 350 200 160 140

Minimum Required 600 480 #N/A 150 120 #N/A
MINIMUM VEHICULAR VOLUME SATISFIED? YES Test Amount 1,807 1,807 #N/A 302 302 #N/A

INTERRUPTION OF CONTINUOUS TRAFFIC

(MUTCD Condition B, Caltrans Warrant 2) Minimum Requirements

Number of Lanes Vehicles Per Hour Vehicles Per Hour
Number of Lanes on Each Approach for Moving Traffic (eighth highest hour) on (eighth highest hour) on

Major Street: 2 on Each Approach Major Street (Total Higher-Volume Minor Street
Minor Street: 1 Major Minor of Both Approaches) Approach (1 Direction Only)

Vehicles Per Hour (8th Highest Hour) Street Street 100% [a] 80% [b] 70% [c] 100% [a] 80% [b] 70% [c]
Major Street (Approach 1): 774 1 1 750 600 525 75 60 53
Major Street (Approach 2): 1,033 >=2 1 900 720 630 75 60 53
Major Street Left Turn (see note [d]): 269 >=2 >=2 900 720 630 100 80 70
Minor Street (Higher Volume App.): 33 1 >=2 750 600 525 100 80 70

Minimum Required 900 720 #N/A 75 60 #N/A
INTERRUPT. OF CONT. TRAFFIC SATISFIED? YES Test Amount 1,807 1,807 #N/A 302 302 #N/A

80% COMBINATION (Caltrans Warrant 8)

No one warrant satisfied but following
warrants fulfilled 80% or more:

Condition A 80% Fulfilled? YES
Condition B 80% Fulfilled? YES

Minimum Requirements:
80% COMBINATION SATISFIED? YES Conditions A and B Both 80% Fulfilled

Notes:

a. Basic minimum hourly volume (eighth highest hour).

b. Used for combination of Conditions A and B.

c. May be used when the major-street speed exceeds 40 mph or in an isolated community with a population of less than 10,000.

d. Heavier left-turn movement from the major street may be included with minor street volume if a separate signal phase is proposed for left-turn movements.

Adopted from:  U.S. Department of Transportation, Federal Highway Administration, Manual on Uniform Traffic Control Devices, Millennium Edition , 2001;  and 

Caltrans, Traffic Manual,  2002.
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TRAFFIC SIGNAL WARRANTS

FOUR HOUR VEHICULAR VOLUME (MUTCD Warrant 2, Caltrans Warrant 9)

PEAK HOUR VEHICULAR VOLUME (MUTCD Warrant 3, Caltrans Warrant 11)

Major Street: Hana Hwy westbound
Minor Street: Hana Hwy eastbound left onto Haleakala Hwy
Scenario: Cumulative plus Project Alternative A - AM
Urban/Rural: u  (U=urban, R=rural [a])

FOUR HOUR VOLUME (MUTCD Warrant 2, Caltrans Warrant 9)

Number of Lanes on Each Approach
Major Street: 2
Minor Street: 1

Vehicles Per Hour (4th Highest Hour)
Major Street (Approach 1): 1,097 Major Street Left Turn (see note [b]): 382
Major Street (Approach 2): 1,464 Minor Street (Higher Volume App.): 47
Major Street Total (Both Approaches): 2,561 Minor Street Total: 429

Minimum Volume on Major Street Minimum Volume on Minor Street
to Satisfy Warrant (see note [c]): 390 to Satisfy Warrant (see note [c]): 80

FOUR HOUR VOLUME WARRANT SATISFIED? YES

PEAK HOUR VOLUME (MUTCD Warrant 3, Caltrans Warrant 11)

Number of Lanes on Each Approach
Major Street: 2
Minor Street: 1

Vehicles Per Hour (Peak Hour)
Major Street (Approach 1): 1,290 Major Street Left Turn (see note [b]): 449
Major Street (Approach 2): 1,722 Minor Street (Higher Volume App.): 55
Major Street Total (Both Approaches): 3,012 Minor Street Total: 504

Minimum Volume on Major Street Minimum Volume on Minor Street
to Satisfy Warrant (see note [d]): 510 to Satisfy Warrant (see note [d]): 100

PEAK HOUR VOLUME WARRANT SATISFIED? YES

Notes:

a. 

b. 

c. From:  USDOT, FHWA, "Manual on Uniform Traffic Control Devices," 2001, Figure 4C-1.

d. From:  USDOT, FHWA, "Manual on Uniform Traffic Control Devices," 2001, Figure 4C-3.

Adopted from:  U.S. Department of Transportation, Federal Highway Administration, "Manual on Uniform Traffic Control Devices, 

Millennium Edition," 2001;  and Caltrans, "Traffic Manual," 2002.

Heavier left-turn movement from the major street may be included with minor street volume if a separate signal phase is 

proposed for left-turn movements.

May be used when the major-street speed exceeds 40 mph or in an isolated community with a population of less than 10,000.
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SUMMARY OF TRAFFIC SIGNAL WARRANT ANALYSIS

Major Street: Hana Hwy westbound
Minor Street: Hana Hwy eastbound left onto Haleakala Hwy
Scenario: Cumulative plus Project Alternative A - AM

SUMMARY OF RESULTS

MUTCD Caltrans Requested Volumes
Warrant Warrant for Satisfy Applicable

Warrant Number Number Analysis? Warrant? Time Period

Eight Hour Vehicular Volume 1
Minimum Vehicular Volume 1A 1 YES YES 8th Highest Hour
Interruption of Continuous Traffic 1B 2 YES YES 8th Highest Hour
80% Combination 1C 8 YES YES 8th Highest Hour

Four Hour Volume 2 9 YES YES 4th Highest Hour

Peak Hour Volume 3 11 YES YES Peak Hour

Estimated Average Daily Traffic n/a n/a
Minimum Vehicular Volume NO n/a Daily
Interruption of Continuous Traffic NO n/a Daily
80% Combination NO n/a Daily
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TRAFFIC SIGNAL WARRANTS

EIGHT-HOUR VEHICULAR VOLUME (MUTCD Warrant 1, Caltrans Warrants 1, 2 & 8)

Major Street: Hana Hwy westbound
Minor Street: Hana Hwy eastbound left onto Haleakala Hwy
Scenario: Cumulative plus Project Alternative A - AM
Urban/Rural: u  (U=urban, R=rural or high speed [c])

MINIMUM VEHICULAR VOLUME

(MUTCD Condition A, Caltrans Warrant 1) Minimum Requirements

Number of Lanes Vehicles Per Hour Vehicles Per Hour
Number of Lanes on Each Approach for Moving Traffic (eighth highest hour) on (eighth highest hour) on

Major Street: 2 on Each Approach Major Street (Total Higher-Volume Minor Street
Minor Street: 1 Major Minor of Both Approaches) Approach (1 Direction Only)

Vehicles Per Hour (8th Highest Hour) Street Street 100% [a] 80% [b] 70% [c] 100% [a] 80% [b] 70% [c]
Major Street (Approach 1): 764 1 1 500 400 350 150 120 105
Major Street (Approach 2): 1,031 >=2 1 600 480 420 150 120 105
Major Street Left Turn (see note [d]): 269 >=2 >=2 600 480 420 200 160 140
Minor Street (Higher Volume App.): 33 1 >=2 500 400 350 200 160 140

Minimum Required 600 480 #N/A 150 120 #N/A
MINIMUM VEHICULAR VOLUME SATISFIED? YES Test Amount 1,795 1,795 #N/A 302 302 #N/A

INTERRUPTION OF CONTINUOUS TRAFFIC

(MUTCD Condition B, Caltrans Warrant 2) Minimum Requirements

Number of Lanes Vehicles Per Hour Vehicles Per Hour
Number of Lanes on Each Approach for Moving Traffic (eighth highest hour) on (eighth highest hour) on

Major Street: 2 on Each Approach Major Street (Total Higher-Volume Minor Street
Minor Street: 1 Major Minor of Both Approaches) Approach (1 Direction Only)

Vehicles Per Hour (8th Highest Hour) Street Street 100% [a] 80% [b] 70% [c] 100% [a] 80% [b] 70% [c]
Major Street (Approach 1): 764 1 1 750 600 525 75 60 53
Major Street (Approach 2): 1,031 >=2 1 900 720 630 75 60 53
Major Street Left Turn (see note [d]): 269 >=2 >=2 900 720 630 100 80 70
Minor Street (Higher Volume App.): 33 1 >=2 750 600 525 100 80 70

Minimum Required 900 720 #N/A 75 60 #N/A
INTERRUPT. OF CONT. TRAFFIC SATISFIED? YES Test Amount 1,795 1,795 #N/A 302 302 #N/A

80% COMBINATION (Caltrans Warrant 8)

No one warrant satisfied but following
warrants fulfilled 80% or more:

Condition A 80% Fulfilled? YES
Condition B 80% Fulfilled? YES

Minimum Requirements:
80% COMBINATION SATISFIED? YES Conditions A and B Both 80% Fulfilled

Notes:

a. Basic minimum hourly volume (eighth highest hour).

b. Used for combination of Conditions A and B.

c. May be used when the major-street speed exceeds 40 mph or in an isolated community with a population of less than 10,000.

d. Heavier left-turn movement from the major street may be included with minor street volume if a separate signal phase is proposed for left-turn movements.

Adopted from:  U.S. Department of Transportation, Federal Highway Administration, Manual on Uniform Traffic Control Devices, Millennium Edition , 2001;  and 

Caltrans, Traffic Manual,  2002.
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TRAFFIC SIGNAL WARRANTS

FOUR HOUR VEHICULAR VOLUME (MUTCD Warrant 2, Caltrans Warrant 9)

PEAK HOUR VEHICULAR VOLUME (MUTCD Warrant 3, Caltrans Warrant 11)

Major Street: Hana Hwy westbound
Minor Street: Hana Hwy eastbound left onto Haleakala Hwy
Scenario: Cumulative plus Project Alternative A - AM
Urban/Rural: u  (U=urban, R=rural [a])

FOUR HOUR VOLUME (MUTCD Warrant 2, Caltrans Warrant 9)

Number of Lanes on Each Approach
Major Street: 2
Minor Street: 1

Vehicles Per Hour (4th Highest Hour)
Major Street (Approach 1): 1,082 Major Street Left Turn (see note [b]): 381
Major Street (Approach 2): 1,460 Minor Street (Higher Volume App.): 47
Major Street Total (Both Approaches): 2,542 Minor Street Total: 428

Minimum Volume on Major Street Minimum Volume on Minor Street
to Satisfy Warrant (see note [c]): 390 to Satisfy Warrant (see note [c]): 80

FOUR HOUR VOLUME WARRANT SATISFIED? YES

PEAK HOUR VOLUME (MUTCD Warrant 3, Caltrans Warrant 11)

Number of Lanes on Each Approach
Major Street: 2
Minor Street: 1

Vehicles Per Hour (Peak Hour)
Major Street (Approach 1): 1,273 Major Street Left Turn (see note [b]): 448
Major Street (Approach 2): 1,718 Minor Street (Higher Volume App.): 55
Major Street Total (Both Approaches): 2,991 Minor Street Total: 503

Minimum Volume on Major Street Minimum Volume on Minor Street
to Satisfy Warrant (see note [d]): 510 to Satisfy Warrant (see note [d]): 100

PEAK HOUR VOLUME WARRANT SATISFIED? YES

Notes:

a. 

b. 

c. From:  USDOT, FHWA, "Manual on Uniform Traffic Control Devices," 2001, Figure 4C-1.

d. From:  USDOT, FHWA, "Manual on Uniform Traffic Control Devices," 2001, Figure 4C-3.

Adopted from:  U.S. Department of Transportation, Federal Highway Administration, "Manual on Uniform Traffic Control Devices, 

Millennium Edition," 2001;  and Caltrans, "Traffic Manual," 2002.

Heavier left-turn movement from the major street may be included with minor street volume if a separate signal phase is 

proposed for left-turn movements.

May be used when the major-street speed exceeds 40 mph or in an isolated community with a population of less than 10,000.
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SUMMARY OF TRAFFIC SIGNAL WARRANT ANALYSIS

Major Street: Hana Hwy westbound
Minor Street: Hana Hwy eastbound left onto Haleakala Hwy
Scenario: Cumulative plus Project Alternative A - AM

SUMMARY OF RESULTS

MUTCD Caltrans Requested Volumes
Warrant Warrant for Satisfy Applicable

Warrant Number Number Analysis? Warrant? Time Period

Eight Hour Vehicular Volume 1
Minimum Vehicular Volume 1A 1 YES YES 8th Highest Hour
Interruption of Continuous Traffic 1B 2 YES YES 8th Highest Hour
80% Combination 1C 8 YES YES 8th Highest Hour

Four Hour Volume 2 9 YES YES 4th Highest Hour

Peak Hour Volume 3 11 YES YES Peak Hour

Estimated Average Daily Traffic n/a n/a
Minimum Vehicular Volume NO n/a Daily
Interruption of Continuous Traffic NO n/a Daily
80% Combination NO n/a Daily
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