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awaii Electric Light Company, Inc. retained various
consultants and experis to evaluate conditions and
assess the probable and potential impacts the
improvements of the Keahole Generating Station and Airport
Substation would have on the community it serves. These studies,
as well as HELCQ's Integrated Resource Plan and Evaluations,

are attached alphabetically by consultant as Appendices A- P
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STUDIES

Belt Collins Hawaii Ltd.; Traffic Impact Analysis Study; Oclcber 2004

Bruner, Phillip L. Environmental Consultant; Avifauna/ and Feral Mammal Field Survey of Keahols
Generating Station, Notth Kona, Island of Hawaii; duly 31, 2003

Char & Associates; Botanical Consultants; Bofanical Resources Assessment Study; August 2003

Gechazards Consultants International, Inc., Geological Consultant; Volcanic Hazards at the HELCO
Keahole Generating Stafion and Airporf Substation, North Kona Hawai, February 28, 2004

Hawait Electric Light Company, Inc.; Second Integrated Resource Flan 1999-2018; September 1, 1998

Hawail Electric Light Company, Inc.; Evaluation Report of Second Integrated Resource Plan; March 31,
2004

Hawaii Electric Light Company, Inc; A Review of Affernative Resources Discussed in the IRP; June
2004.

HFP Acoustical Consultants; Noise Study for Draft Environmental Impact Sfatement; September 2004
Jim Clary & Associates; Climate and Air Quality Assessment; July 2004

Marine Research Consultants; An Assessment of Potential Impacis to the Marine Environment; April
2004

Paul H. Rosendahi, Ph.D. Inc.; Archaeological and Cuftural Impact Assessment Study; February 2004
Paull, Robert E., Ph.D.; Emission Studies — Impact on Keahole Agriculfural Park; dune 27, 2004

SMS Research; Secio-Economic Impact Assessment of Redesignation of Keahole Generating and
Transmission Sifes; September 2004

Stone & Webster, Inc., A Shaw Group Company; Naphtha Fuel Study, Keahole Combined Cycle Plan!;
February 2004

Stone & Webster, Inc., A Shaw Group Company; SCR System Scope Study — Keahole Combined
Cycle Plani; February 2004

Tom Nance Water Resource Enginsering; Pofential impact on Water Resources of the Expansion of
the Hawaii Electric Light Company's Powsr Generating Stafion af Keahole in North Kona, Hawaii:
December 2003
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HELCO KEAHOLE GENERATION STATION
AND AIRPORT SUBSTATION

KEAHOLE, HAWAII

EXECUTIVE SUMMARY

This report summarizes the analysis and findings of a traffic impact study for the
proposed improvements by the Hawaii Electric Light Company, inc. (HELCO) to
the existing Keahole Generation Station and Airport Substation in the Keahole
area on the island of Hawaii. The potential traffic impacts of the proposed
expansion are described and mitigation measures are identified, as needed.

Traffic count data and field observations were collected on March 9 and 10, 2004
at the intersection of Queen Kaahumanu Highway with Keahole Airport Road and
at the intersection of Queen Kaahumanu Highway with Kaiminani Drive as well
as at the project’s north and south gates. Under the existing traffic conditions,
fuel trucks utilize the north gates of the Keahole Generation Station while
employees and deliveries access the project site through the south gate at
Pukiawe Street. During the morning peak hour, 48 vehicles arrived and 11
vehicles departed from the project site. In the afternoon peak hour, there were 7
vehicles that arrived at the project site while 16 vehicles departed from the site.
Most of these trips are related to the construction activities and testing of new
equipment installed at the Keahole Generation Station. The analytical resuits of
these two signalized intersections indicate the existing traffic conditions operate

at Level of C or better during the morning and afternoon peak hour periods.

For future without the project conditions, a growth rate of 4.8 percent was applied
to Queen Kaahumanu Highway traffic volumes as well as the addition of project
trips from the proposed Palamanui project which has two possible access roads
that would connect to Queen Kaahumanu Highway. The analysis results of the
signalized intersections of Queen Kaahumanu Highway/Keahole Airport Road

ES-1



and Queen Kaahumanu Highway/Kaiminani Drive indicates Level of Service F
conditions meaning that the existing two-lane highway would be inadequate to
serve the future traffic assignment associated with the growth in regional highway
traffic and the Palamanui deveiopment, but without the HELCO project.

Estimates of HELCO-related project trips were developed for Year 2009 when

the project improvements are expected to be completed. During the moming

peak hour, there would be approximately 15 entering trips and 6 exiting trips at

the project driveways. During the afternoon peak hour, 3 entering trips and 11

exiting trips are expected at the project driveways. The future HELCO project i
trips would be less than the existing traffic volumes that were counted during
current construction activities. The future proportion of HELCO-generated trips
at the Keahole Airport Road and Kaiminani Drive intersections with Queen
Kaahumanu Highway would be less than one percent during the morning and

afternoon peak hour periods. Therefore, no mitigation measures are needed to

accommodate the future HELCO project trips.

ES-2
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HELCO KEAHOLE GENERATION STATION
AIRPORT SUBSTATION

KEAHOLE, HAWAII

INTRODUCTION

This report summarizes the analysis and findings of a traffic impact study for the
proposed improvements by the Hawaii Electric Light Company, Inc. (HELCO) 1o the
existing Keahole Generation Station and Airport Substation in Keahole, Hawaii. The
potential traffic impacts of the proposed expansion aré described and mitigation
measures are identified, as needed.

PROJECT DESCRIPTION

The general location of the Keahole Generation Station and the Airport Substation is
shown on the vicinity map in Figure 1. The project is situated near the intersection of
Queen Kaahumanu Highway, Keahole Airport Road and Reservoir Road, as identified in
Figure 2. The Keahole Generation Station Tax Map Key is (3) 7-3-049:036 (14.998
acres) and the Airport Substation is located at Tax Map Key (3) 7-3-049:037 (0.645
acres). The project sites are delineated in Figure 3. '

The Keahole Generation Station had an original capacity of 30.25 megawatts (MW),
which consisted of six nominal 2.75 MW diesel-fueled generating units and one nominal
13.75-MW, simple cycle combustion turbine (CT). Two simple cycle CTs (CT-4 and
CT-5) have been recently brought on-iine. The proposed project will convert the two
CTs to a combined cycle system that will add two heat recovery steam generators, a
steam condensing system and a nominal 16-MW steam turbine generator and ancillary
equipment. Subsequently, approvals will be sought to utilize brackish water from a

groundwater supply well at the Keahole Generation Station.
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HELCO is considering the use of alternative fuels, such as naphtha, which may require
enlargement of existing fuel storage tanks and tank-yard berm walls as well as addition
of storage tanks, fuel distribution pumps/piping and fire protection. New emissions
control, possibly a Selective Catalytic Reduction (SCR) system or a SCR alternative that

uses ammonia, is also under consideration.

For the Airport Substation, there may be future replacement or addition of transformers
and switchgear equipment. Painting and landscaping are proposed to mitigate visual
impacts of the Airport Substation. Current plans indicate that the improvements at the
Keahole Generation Station and Airport Substation would be completed in Year 2009.

The existing Keahole Generation Station has two driveways onto Reservoir Access
Road and a driveway onto Pukiawe Street on the south side of its property. Pukiawe
Street connects to Kaiminani Drive which links to Queen Kaahumanu Highway and
Mamalahoa Highway.

STUDY METHODOLOGY

Various types of information, including traffic volume data, roadway laneage, and
intersection operations, are collected to estabilish existing traffic conditions at the
selected study locations. Subsequently, the future traffic forecasts without the project
area were developed. Estimates of project traffic are determined and the future traffic
assignments with the project traffic are analyzed. The comparison of analytical results of
future traffic conditions with and without the project is utitized to determine the project-

related traffic impacts and mitigation measures.

EXISTING TRAFFIC CONDITIONS

The analysis of existing traffic conditions establishes the current traffic operating
conditions for the traffic study. Existing data, such as traffic volume data, traffic signal
phasing and timing and intersection and roadway laneage and signage are collected for

this assessment.




ey

el
e
o
L%

b
£l
£
L
Ea'a

Existing Roadway System

in the vicinity of the project, Queen Kaahumanu Highway is a two-lane State
highway that provides access between Kawaihae and Kailua town.
Generally, Queen Kaahurnanu Highway has two 12-foot travel lanes, one in each

direction, with 10-foot shoulders.

The Keahole Airport Access Road is a two-lane collector road that provides
access to the Kona Airport as well as supporting facilities, such as rental car
companies and other businesses that support airport operations.

For this project, there are two study intersections:

+ Queen Kaahumanu Highway with the Keahole Airport Access Road and
Reservoir Access Road.

¢ Queen Kaahumanu Highway with Kaiminani Drive.

For the signalized intersection of Queen Kaahumanu Highway, Keahole Airport
Access Road and Reservoir Road, there are separate left turn lanes on the
highway in the northbound and southbound direction and a separate right turmn
lane in the eastbound direction. There are southbound deceleration and
acceleration lanes on the highway for the Keahole Airport Access Road. The
Reservoir Access Road is a single lane road and serves the Keahole Generation

Station, a substation and terminates at the driveway to two water tanks.

Kaiminani Drive links Queen Kaahumanu Highway and Mamalahoa Highway.
Kaiminani Drive serves as a collector road for the Kona Palisades subdivision
and meets Queen Kaahumanu Highway in a signlalized T-intersection. There is
a separate left turn lane on the highway in the southbound direction. In addition,

there are existing deceleration and acceleration lanes in the northbound direction

for Kaiminani Drive.



Traffic Counts

Manual turning movement count data was collected at the intersection of Queen
Kaahumanu Highway with Keahole Airport Road and Reservoir Road as well as
the intersection of Queen Kaahumanu Highway and Kaiminani Drive. The traffic
counts were conducted on March 9 and 10, 2004,

The manuat traffic count data is contained in Appendix A. The weekday morning
peak hour is at 6:30 to 7:30 a.m. while the weekday afternocon peak hour occurs
at 3:15 to 4:15 p.m. The existing morning and afternoon peak hour traffic

volumes are presented in Figure 4.
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Analysis Results

This report utilizes the Highway Capacity Manual (HCM) 2000 analytical
methodology for signalized intersections. The analysis results provide Leve! of
Service conditions, which are rated from A to F (best to worst), and capacity
conditions. Level of Service represents a qualitative measure of traffic operating
conditions and considers speed, travel time, freedom to manuever, types of

traffic controls and interruptions as well as driver comfort and convenience.
Level of service definitions for signalized intersections are summarized in

Appendix B. §

For the intersection of Queen Kaahumanu Highway, Keahole Airport Road and

Reservoir Road, the overall intersection is at Level of Service B during the
morning peak hour and at L.evel of Service C during the afternoon peak hour,

For the intersection of Queen Kaahumanu Highway and Kaiminani Drive, the
overall intersection is at Level of Service B during the moming and afternoon
peak hour. Overall, the field observations concur with analysis results of Level of
Service C or better for these two study intersections. The summary of the

analysis results is presented in Table 1.
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FUTURE TRAFFIC CONDITIONS WITHOUT THE PROJECT

Research of historical traffic volume data and traffic generated by nearby projects was
conducted to develop future Year 2009 traffic forecasts without the proposed project
improvements. Regional traffic studies, such as the Hawaii Long Range Land
Transportation Plan, Keahole to Kailua Development Plan and the Keahole to Honaunau
Regional Circulation Plan, were also reviewed. A growth factor of 4.8 percent was
applied to account for historical regional growth in traffic volumes. In addition, traffic
volumes generated by the nearby proposed Palamanui project were derived for Year
2009 from the project’s traffic study report by Austin, Tsutsumi & Associates, Inc., dated
January 27, 2004.

The Palamanui project has proposed two alternate access roads, as shown in Figure 5,
and is currently conducting feasibility studies. The north access road for the Palamanui
project would create a new T-intersection with Queen Kaahumanu Highway. The south
access road would connect to Queen Kaahumanu Highway at the current location of the
Reservair Road. Two future Year 2009 traffic assignments without the proposed project
have been developed. If the Palamanui project selects the north access road as its
primary access road, then Figure 6 contains the future traffic assignment. However, if
the Palamanui project prefers the south access road as its primary access road, then
Figure 7 shows the traffic assignment for this proposal.

The State Department of Transportation has proposed the Phase | widening of Queen
Kaahumanu Highway from two to four lanes between Henry Street and Kealakehe
Parkway; this improvement is scheduled for completion in Year 2008. In addition, the
Phase 2 Queen Kaahumanu Highway widening between Kealakehe Parkway and
Keahole Airport Road is being programmed for completion in Year 2011,

A. Analysis Results
The analysis results for future conditions without the project are identified in
Table 2 with Palamanui north access road and in Table 3 with Palamanui south

access road. The signalized intersection analysis show similar results if gither
the Palamanui north or south access road serves as its primary access road.

-10 -
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Level of Service F conditions or volume-to-capacity ratios that exceed 1.0 are
expected at the Queen Kaahumanu Highway/Kaiminani Drive intersection during
the morming peak hour and at the Queen Kaahumanu Highway/Keahole Airport

Road/Reservoir Road intersection during the afternoon peak hour.

The Level of Service F conditions and the volume-to-capacity ratios greater than
1.0 indicate that the two-lane Queen Kaahumanu Highway intersections would
be inadequate to serve the forecasted traffic volumes. if Queen Kaaahumanu
Highway were widened to four lanes, the two study intersections would have
adequate capacity to serve the forecasted traffic volumes and the intersection
would operate at Level of Service E or better, as shown in Table 4 and Table 5.

- 16 -
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PROJECT TRAFFIC

The Keahole Generation Station expansion will add additional equipment and improved
facilities at the project site. The traffic forecast of project traffic volumes is developed
through a three-step procedure of trip generation, trip distribution and traffic assignment.

A, Trip Generation

in trip generation, the estimates of project traffic volumes are quantified through
discussions with the HELCO staff about the number of employees at the site and
their shift hours as well as deliveries of fuel trucks and supplies, maintenance

services and possible visitors.

With the recently completed installation of the two new CTs the staffing at the
Keahole Generation Station has been modified. During the weekday, six
maintenance personne! are employed between 6:00 a.m. and 5:30 p.m. while
three operating personnel work on the first shift, 6:00 a.m. to 2:00 p.m. and two
operating personnel are on the second shift, 2:00 p.m. to 10:00 p.m. During the
weekend, there are four operating personnel assigned with two persons in two
shifts of 6:00 a.m to 2:00 p.m and 2:00 p.m. to 10:00 p.m. Hence, mast of the
current shift changes occur at different times than the Queen Kaahumanu
Highway peak hours of 6:30 to 7:30 a.m. and 3:15t0 4:15 p.m.

The fuel truck deliveries usually range between 3 to 4 trips per day, Monday
through Frday. Fuelis trucked from Milo Harbor. The Keahole Generation
Station receives five mail deliveries per week. Also, other deliveries by
vendor/supplier goods and services are likely to increase to between 5 and 10

deliveries per week.

At project completion in Year 2009, the Keahole Generation Station weekday
staffing would change to eight maintenance personnel between 6:00 a.m. and
5:30 p.rm. and seven aperating personnel in three shifts {one person from 7:00
a.m. to 3:30 pam., two persons from 6:00 a.m. to 2:00 p.m., two persons from
2:00 p.m. fc 10:00 p.m. and two persons from 10:00 p.m. to 8:00 a.m.). For the

.19.
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weekend staffing, there would be six operating personnel with two persons in
each of the three shifts: 6:00 a.m. - 2200 p.m_, 2:00 p.m. - 10:00 p.m. and 10:00
p.m. -600am

Fuel deliveries would increase to 7 or 8 fuel trucks per day, Monday through
Friday, but deliveries would be from Kawaihae Harbor instead of Hilo Harbor.
Also, there would be five mail deliveries and approximately 8 to 12 vendor/

g supplier deliveries per week.

For the new emissions control system, ammonia would be delivered by truck

from Hilo Harbor once every three weeks. I is expected that ammonia deliveries
would arrive at the Keahole Generation Station after the end of the morning peak
hour period and depart for the return trip to Hilo prior to the start of the afternoon

=
j50A
&

peak hour period.

G aaa

The Keahole Generation Station and the Airport Substation would have the
largest staffing, fuel truck deliveries and vendor/supplier deliveries at project
completion. Although employee shifts are slightly different from the existing

morning and afternoon roadway peak hour periods, some of the employee trips

are included in the morning and afternoon peak hours since it is possible the
project peak hour periods may become coincident to the future highway peak
hour periods. The estimated project trips, as given in Table 6, are utilized for the

future with project traffic conditions.

=
=

b Table 6
PROJECT TRIPS
AM Peak Hour PM Peak Hour
Enter Exit Enter Exit
Staff 13 4 2 10
Fuel Trucks 2 2 1 1
Ammonia Trucks 0 0 0
Vendor/Supplier b 0 a o
Total 15 & 3 11

20 -



Trip Distribution

In trip distribution, the general direction of trips traveling to and from the project
site is identified. Information about population and employment on the island of
Hawaii was utilized to determine the direction of travel for trips entering and
exiting the project site. It is estimated that approximately 15 percent of the trips
would travel to and from the north, whiie 60 percent would trave! toffrom the
south and 25 percent of the trips would travel to/from the east. Fuel trucks would

arrive and depart from the north side of the project site.

Traffic Assignment

Traffic assignment defines the specific roadways that would be utilized by the
project traffic as well as the proportion of project traffic volumes on each of these

roadways. In addition, two alternatives were developed for the Keahole project.

For Alternative A, if the Palamanui project builds the north access road as its
primary roadway, then the Keahole gates would operate in the same fashion as
the existing conditions. Fuel trucks wouid continue o use the north gate via
Reservoir Road and the staff and vendors would use the south gate on Pukiawe
Street.

For Alternative B, if the Palamanui project constructs the south access road as s
prirmary roadway, then all staff, vendors and fuel trucks would use the north gates
of the HELCTO generation station and the south gate would be closed. The
project traffic volumes for Alternative A and Alternative B are provided in Figures

8 and 8, respectively.

P
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VI. FUTURE TRAFFIC CONDITIONS WITH THE PROJECT

The future Year 20089 traffic forecasts with the project are developed by adding the future
project to the projected future conditions. The future traffic assignment with the project

volumes with Alternative A and Alternative B is shown in Figure 10 and Figure 11,

e

respectively.

The State Department of Transportation is currently planning to impiement the Phase |
widening of Queen Kaahumanu Highway from two to four lanes between Henry Street

and Kealakehe Parkway by Year 2008. Also, the Phase 1! widening of Queen

ol
b

e
oy
;:_3
[

SRR
EOCTRNS

A.

Kaahumanu Highway to four lanes between Kealakehe Parkway and the Keahole Airport
Road is scheduled for completion by Year 2011,

Analysis Results

The analysis results with a two-lane Queen Kaahumanu Highway are similar to
the future without project traffic conditions with the Palamanui north access road
(Table 7, HELCO Alternative A) or south access road (Table 8, HELCO
Alternative B). The intersection of Queen Kaahumanu Highway, Keahole Airport
Road and Reservoir would be at Level of Service F and or operate with volume-
to-capacity ratios greater than 1.0 during the afternoon peak hour while the
intersection of Queen Kaahumanu Highway and Kaiminani Drive would exceed
capacity during the morning peak hour. If Queen Kaahumanu Highway were
widened to four lanes, then the analysis results in Tabie 9 and Table 10 indicates
that both of these study intersections would operate at Level of Service £

conditions of better.

With HELCO Alternative A or Alternative B, the proportion of project trips entering
the Queen Kaahumanu Highway intersections with Keahole Airport Road/
Reservoir Road and with Kaiminani Drive ranges between 0.10 percent and 0.64
percent, as identified in Table 11. Hence, the proportion of traffic volumes
attributable to the HELCO Keahole Generation Station and Airport Substation at
the study intersections is less than one percent during morning and afternoon

peak hour periods.

.24 -
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FINDINGS AND RECOMMENDATIONS

The existing intersections of Queen Kaahumanu Highway/Keahote Airport Road/
Reservoir Road and Queen Kaahumanu Highway/Kaiminani Drive operate at Leve! of
Service C conditions or better during the morning and afterncon peak hours. During the
morming peak hour of the March 2004 traffic counts, there were total of 48 vehicles
arriving and 11 vehicles departing at the north and south gates. During the afternoon
peak hour, there were 7 vehicles arriving and 16 vehicles departing the north and south
gates. Contractor vehicles parked external of the south gate and are inciuded in these
traffic counts. Most of the traffic volumes are due to the construction activities and
testing of newly installed equipment at the Keahole Generation Station. With the
existing traffic conditions, most of the HELCO generation station employees utilize the

south gate and the north gates are used by fuel trucks.

For future traffic conditions without the project, there are increases in the forecasted
Queen Kaahumanu Highway traffic volumes that would result in Level of Service F
conditions or where highway capacity conditions are exceeded. The Palamanui project
is currently studying the feasibility of a north access road and a south access road. The
analysis results indicate that widening of Queen Kaahumanu Highway to four lanes
would mitigate traffic conditions to Level of Service E or better. The proposed laneage

configurations at the two study intersections are provided in Figure 12.

For future traffic conditions with the project, the analysis results would be similar to
future traffic conditions without the project and the laneage recommendations would be

the same as shown in Figure 12.

If Patamanui project chooses to use its north access road as its primary connection to
Queen Kaahumanu Highway, then HELCO would continue to utilize their north and
south gates in a similar manner as the existing situation. if the Palamanui project
selects to construct their south access road so that it connects at the Keahole Airport
Road/Reservoir Road intersection, then HELCO would utilize their north gate for all
project trips and close the south gates. HELCO is coordinating with the Palamanui
developer as part of the Patamanui access feasibility study, but HELCO could continue

with its existing gate usage for an indefinite period of time.
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The future HELCO project trips would be less than the existing traffic volumes that were
counted at its north and south gates since construction activities have been completed.

During the morning peak hour, there would be 15 entering trips and 6 exiting trips at the
project site. During the afternoon peak hour, estimated project would be 3 entering trips

and 11 exiting trips. Further, the proportion of HELCO project traffic volumes at the
Queen Kaahumanu Highway/ Keahole Airport Road/Reservoir Road intersection and
Queen Kaahumanu/Kaiminani Drive intersection would be less than one percent during
the morning and afternoon peak hour periods. Therefore, no measures to mitigate the

impacts of the HELCO project trips are required.
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SIGNALIZED INTERSECTIONS
LEVEL OF SERVICE DEFINITIONS

Level_pf service for signalized intersections is defined in terms of control delay, which is a
me'as'ure of driver discomfort, frustration, fuel consumption and increased travel time. Control
deiay is the component of delay that results when a traffic control signai causes vehicles to
reduce speed or to stop at intersection. Total delay is defined as the difference between the
actual trave! ime and the reference travel time that would occur under ideal, base conditions

(absent of traffic control, geometric delays, incidents, or presence of other vehicles).

Delay experienced by motorists are affected by a number of factors that relate to control,
geometrics, traffic, and incidents. Analytically, control delay is a complex technical measure
that considers the quality of progression, cycle length, green phase-to-total cycle ratio, and the

voltzme«tb~capacity (v/c) ratio for each fane group.

The v/c ratio provides an indication of the utilization of the lane group capacity. The critical vic
ratio is an approximate indicator of the overall sufficiency of an intersection and is affected by
the critical lane flow rates and traffic signal phasing. The six levels of service for signalized

intersections are described below and summarized in Table B-3.

Level of Service A describes operations with low control delay between 0 to 10 seconds per
vehicle, where there is extremely favorable progression. Most vehicles atrive during the green
phase and many vehicles do not stop atall. Short cycle lengths may tend to contribute to low

delays.

Level of Service B describes operations with control delays greater than 10 and up to 20
seconds per vehicle. There is generally good progression with short cycle lengths and slightly

more vehicles stopping than in Level of Service A.

Level of Service C describes operations with control delays greater than 20 and up to 35
seconds per vehicle. These higher delays may result from fair progression, longer cycle lengths

ar a combination of both conditions. Cycle failure and overflow begins to occur at this tevel



when a green phase is unable to serve all of the queued vehicles. The number of vehicles

stopping increases, although many vehicles are stil able to pass through the intersection

without stopping.

Level of Service D describes operations with control delays greater than 35 and up 1o 55
seconds per vehicle. At this fevel, congestion becomes more noticeable. A combination of (
unfavorable progression, long cycle lengths and high v/c ratios may result in longer delays.
Individual cycie failures become noticeable and the vehicles stopping become significant,

BSBARAN

although many vehicles pass through the intersection without stopping.

PR

Level of Service E describes operations with controt delays greater than 55 and up to 80
seconds per vehicle. Individual cycle failures are frequent and the high delay values are usually

an indicator of poor progression, long cycle lengths and high v/c ratios.

PN A RN

Level of Service F describes operation with control delays greater that 80 seconds per vehicle.

This level is considered unacceptable to most drivers and oversaturated conditions occur when

arrival flow rates are greater than capacity of the lane group. There are many individual cycle

failures related to high v/c ratios, poor progression, long cycle lengths or long red phase. The

designation of Level of Service F does not automatically imply that the intersection, approach, or 5
lane group is over capacity. Also, a Level of Service better than E does not necessarily imply §

that unused capacity is available.

Table B-1
LEVEL OF SERVICE CRITERIA
FOR
SIGNALIZED INTERSECTIONS

Average Control Delay

Level of Service (seconds per vehicle)
A <10
B =10 - 20
C >20-35
D > 35 - 55
E > 55~ 80
F > 80

Scurce Highway Capacity Manual 2000
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INTRODUCTION
The purpose of this report is to provide the findings of a one-day (29 July 2003) field

survey of the Keahole Generating Station property and nearby surrounding lands, North Kona,
Island of Hawaii (Fig. 1). References to pertinent published and unpublished sources,
particularly Bruner (1992a) an earlier survey of this area, are also given in this report in order to
provide a broader perspective of the species known from this region of the island. The goals of
the survey were to:

I- Document the species of birds and mammals currently on or near the property.

2- Note any features of the site or nearby lands that contain habitat of potential value

for native and migratory birds.

SITE DESCRIPTION

This property is developed but does contain ornamental trees around the perimeter fence
and a few trees inside the site. Lands to the south are developed into plant nurseries. Lands to the
east and north are covered in dry grass while Queen Kaahumanu Highway and the Kona Airport

lands He to the west.

METHODS OF SURVEY

The area of the survey was covered on foot and by car using existing roads to the north
and south of the property. Data were taken during the early moming {0545-0930 hours) and late
afternoon (1600-1800 hours) when birds are most active and therefore detectable. Count stations
were established throughout the survey area (Fig. 1). All birds seen or heard over an eight-
minute period at each count station were tallied. Observations made outside these stations were
also noted. These data were used to estimate a relative abundance for each species. Data on

mammals were obtained from visual observations and scats. No trapping of mammals was



conducted. The length and nature of this survey did not warrant trapping. Weather during the
survey was partly cloudy with light winds.
The scientific and common names used in this report follow Pyle (2002) and Honacki et

al. (1982).

RESULTS
Native Birds:

No native birds were observed on the survey. This finding conforms with the results of
the earlier survey of this area (Bruner 1992a). Two native birds are known to occur rather
infrequently in this region: Short-eared Owl or Pueo (dsio flammeus sandwichensis) and
Hawaiian Hawk or ‘lo (Buteo solitarius). The ‘Io is listed as endangered. These two species
forage over large areas and utilize a wide variety of habitats: grasslands, agricultural fields, and
forests (Pratt et al. 1987, Hawaii Audubon Society 1997).

Migratory Birds:

No migratory birds were observed on the survey. This finding was not unexpected due to
the timing of the survey. Migratory birds are on their breeding grounds in the arctic at this time
of year. The most abundant migrant to Hawaii is the Pacific Golden-Plover (Pluvialis fulva).
Extensive, long-term studies have documented many details of their life history (Johnson et al.
1981, 1989, 1993, 2001). This species is not listed as threatened or endangered. They prefer open
habitat such as lawns, cleared agricultural fields and short grass habitat along roadsides. It is
possible that plover might forage along the access road on the north side of the property when

they are wintering in Hawaii from August to the end of April.
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Introduced Birds:

A total of 13 species of introduced (non-native) birds were recorded on the survey. Table
One gives the names of these species and the total number of each species. This table also
provides data from an earlier survey (Bruner 1992a) for comparnison purposes. Three species not
found on the 1992 survey were: Saffron Finch (Sicalis flaveola), Yellow-billed Cardinal
(Paroaria capitata) and Java Sparrow (Padda oryzivora). None of the introduced birds are listed
as threatened or endangered. The array of species recorded on the 1992 and current survey are

typical of what would be expected in this area (Bruner 1985, 1989a, 1989b, 1990. 1992a, 1992b,

1993).

Mammals:

Two domestic cats (Felis catus) and one Small Indian Mongoose (Herpesies
auropunctatus) were seen on the survey. The cats may not be feral since there are plant nurseries
nearby. No rats or mice were observed, however, they likely occur in this area. The only native
land mammal in Hawaii 1s the endangered Hawatian Hoary Bat (Lasiurus cinereus semotus).
This species is often seen foraging along the Kona coast (pers. observ.). Tomich (1986) along
with Kepler and Scott (1990) provide information about the habits and distribution of this
endangered species. They typically roost solitarily in trees and forage for insects in a wide
variety of native and non-native habitats, including urban areas. None were seen on this survey.

The plant nurseries might attract flying insects that could also attract the bats (pers. obser.}.

SUMMARY AND CONCLUSIONS

The field survey examined not only the area containing the electrical generating plant but
also nearby lands. The findings of this survey supplement and support the earlier study (Bruner

1992a). The array of species found on both surveys are those expected to occur in this area of the



island. The actual generating plant site does not contain any unusual or unique habitat important
to native or migratory birds. The endangered Hawaiian Hoary Bat might on occasion be seen in
this area since they forage in a wide variety of habitats and are not uncommon on this side of the

island.
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TABLE ONE

Introduced birds recorded on both the 1992 and this current 2003 survey of the Keahole
Generating Plant property and surrounding area. Relative abundance estimates are based on the
following: A=Abundant - (10+ individuals on a count station), C=Common - (5-9 individuals on
a count station), U=Uncommon - (less than 5 on a count station), R=Recorded — (seen or heard
at times other than on count stations). Number which follows the status symbol is an average of
the data taken from all count stations or the number seen or heard over the duration of the survey
for those species not recorded on the count stations. The * symbol designates those species not

recorded on the 1992 survey.

CoMMON NAME SCIENTIFIC NAME RELATIVE ABUNDANCE 2
1992 2003

Black Francolin Francolinus francolinus C=6 U=2

Gray Francolin Francolinus pondicerianus R=3 U=1

Spotted Dove Streptopelia chinensis U=2 U=3

Zebra Dove Geopelia striata C=6 A=11

Common Myna Acridotheres tristis C=T7 C=9

Japanese White-eye Zosterops japonicus U=3 A=12

Saffron Finch* Sicalis flaveola - U=4

Yellow-billed Cardinal* Paroaria capitata - =3 é

Northem Cardinal Cardinalis cardinalis =2 U= =

House Finch Carpodacus mexicanus U=4 C=

House Sparrow Passer domesticus R= C= i

Nutmeg Mannikin Lonchura punctulata C=8 A=11

Java Sparrow* Padda oryzivora - =7
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BOTANICAL RESOURCES ASSESSMENT STUDY
KEAHOLE GENERATING STATION
NORTH KONA DISTRICT. HAWAI‘I

INTRODUCTION

HELCO's Keahole Generating Station is presently identified as Conservation
District by the State Land Use Commission (LUC). An Environmental Impact
Statement (EIS) to support an application to the LUC for a boundary amendment
to reclassify the subject property to the State Urban District is being
prepared; a County Change of Zone to General Industrial is also being sought.

A botanical survey (Char 1992) was prepared for a Revised Final EIS for the
power plant (Parcel 36) as part of HELCO's application to expand the capacity
of the generating station in 1993. The adjacent Parcel 37 which now supports a
transformer station and the primary and secondary access roads were not
included in the 1993 EI5 document.

Field studies to update the earlier botanical study and include Parcel 37 and

the access roads were conducted on 14 August 2003. The primary objectives of

the field survey were to:

1) prepare a general description of the vegetation on the project site;

2) search for threatened and endangered species as well as species of concern;
and

3) identify areas of potential environmental problems or concerns and propose
appropriate mitigation measures.

DESCRIPTION OF THE VEGETATION

The plant names used in this report follow Wagner et al. (1990} and Wagner and
Herbst (1999). The few recent name changes are those reported in the Hawaii
Biological Survey series (Evenhuis and Eldredge, editors, 1999-2002).



The vegetation on Parcel 36 consists of iandscape plantings with occasional
weedy patches, especially along the perimeter fence line. The most commonly
used ornamental plants include coconut palms (Cocos nucifera), oleander

(Nerium oleander), Erythrina variegata cv. "Tropic Coral", Erythrina sp.,

and various Bougainvillea hybrids. Weedy patches occur among the Tandscape

plantings. These include Natal redtop grass {(Melinis repens), coat buttons

(Tridax procumbens}, wild bittermelon (Momordica charantia), puncture vine

(Tribulus terrestris), wild spider flower {Cleome gynandra), Spanish needle

(Bidens pilosa), and Florida beggarweed (Desmodium tortuosum). Weedy shrubs

such as sourbush (Pluchea carolinensis), koa haole or 'ekoa (Leucaena

leucocephala), Christmas berry (Schinus terebinthifolius), and noni {Morinda

citrifolia, a Polynesian introduction) are found along the fence Tine.

Parcel 37 is located makai {(west) of the larger Parcel 36. It has been bulldozed
and supports a transformer station which is surrounded by a chainiink fence.
There are only a handful of plants, plant cover is less than 1%, on the level,
gravel~-covered parcel; these include lovegrass (Eragrostis amabilis), fountain

grass (Pennisetum setaceum), Natal redtop grass, hairy spurge {Chamaesyce
hirta), and red pualele {(Emilia fosbergii).

Patches of weedy, mostly annual, herbaceous species Tine the gravel-covered
road shoulder. Clumps of fountain grass are common to abundant. Other plants

occasionally observed include Natal redtop grass, hairy spurge, coat buttons,
Cuba jute (Sida rhombifolia), puncture vine, Portulaca pilosa, swollen

Pl
bt

fingergrass {(Chloris barbata), and partridge pea (Chamaecrista nictitans). Two )

native species are occasionally found along the roadside; these are 'uhaloa
{Waltheria indica) and "ilima (Sida fallax). Along the primary access road, a

number of ornamental species front the plant nurseries. These include Ficus
benjamina, Erythrina veriegata, Ficus sp., beach naupaka hedges (Scaevela

sericea), and Plumeria hybrids. Rows of noni shrubs are found on a lot close
to the generating station.
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DISCUSSION

The vegetation on the Keahole Generating Station and the primary and
secondary access roads is composed almost exclusively of introduced or alien
species. Introduced species are all those plants which were brought to the
Hawaiian Islands by humans, intentionally or accidentally, after Western
contact, that is, Cook's arrival in the islands in 1778. Three native species
were observed during the field studies. All are indigenous, that is, they are
native to the Hawaiian Islands and elsewhere. 'Uhaloa and 'ilima are found
along the roadsides and other disturbed areas, while the beach naupaka is
cultivated as landscape material.

None of the plants observed on the generating station site (Parcels 36 and 37)
and along the primary and secondary access roads is a threatened or endangered
species or a species of concern (U.S. Fish and Wildlife Service 1999%a, 1999b;
Wagner et al. 1999). A1l of the plants can be found in similar lowland, dry
habitats throughout the West Hawai'i region. The previous botanical study
(Char 1992) also reported similar findings.

Given these findings, the proposed land use change is not expected to have a
significant negative impact on the botanical resources. There are no botanical
reasons to impose any restrictions, conditions, or impediments to the proposed
land use reclassification.
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EXECUTIVE SUMMARY

. The Keahole Generating Station (KGS) is located on the western slopes of Hualélai
Volcano. The threat of lava flow inundation during future eruptions of Hualalai is the principal
volcanic hazard that could impact the KGS. This threat, however, is considered statistically to be
very small. The KGS is situated on a lava flow that is over 2,000 years old. Younger lava flows

are more than one mile from the facility. '

- Hualalai is a geologically active volcano with clusters of eruptions occurring about every
500 years. Although the probability that Hualalai will erupt somewhere within the next few
centuries is high, the odds that such an eruption will threaten the KGS are low.

. The most recent flow to enter the 25 square mile area surrounding the KGS (the “Study
Area”) is the 1801 Hu'ebu’e lava flow. It is located about | mile to the northwest of the KGS.
The next youngest flow, the “Kona Palisades Flow™ (about a mile to the southeast), has an

estimated age of about 1,800 years. Other lava flows in the area are more than 2,000 years old.

. Based on the ages of all lava flows less than 5,000 years old in the Study Area, and using
a random, Poisson distribution for eruption frequency, the statistical probability that future flows
will enter this 25 square mile area within the next 50 years is about 6% and within the next 100
years about 12%. The chance that a flow that entered the Study Area would directly impact the
Keidhole Generating Station is much lower.

. Future Hualalai eruptive vents that could threaten the KGS facility are likely to develop
4-6 miles to the east on Hualalai’s Northwest Rift Zone, at elevations between 2,000 and 4,200
feet above sea level. Eruptions from vents below 2,000 elevation would send lava flows north of
the KGS; eruptions occurring above 4,200° elevation would send flows south of the facility.

. Future eruptions of Hualalai Volcano will likely be preceded by extensive precursory
seismic activity. These precursors will allow staff at the KGS adequate time to secure and
evacuate the facility if an eruption directly upslope from the KGS appears likely.

® The most likely geologic hazards that could impact the KGS area in the future are large
earthquakes. The last major earthquake in the Kona area was the August 21, 1951 magnitude 6.9
on the Richter scale (M=6.9) earthquake, which caused extensive damage to the then largely
undeveloped Kona area. Facilities at the KGS must be designed to survive the effects of such
large earthquakes.

* Atmospheric pollution derived from the current eruption of Kilauea Volcano is the
principal impact to air quality at the KGS and the surrounding Kona area. These volcanic
pollutants consist dominantly of sulphate particulate matter. Compared to Kilauea Volcano, the
atmospheric pollution from the expanded Keahole Generating Station is expected to be minor.

° No significant hazard to the Keahole Generating Station is expected from future flooding,
tephra fall, or ground instability.



PURPOSE AND SCOPE OF WORK

This report evaluates future geologic, volcanological and other natural hazards that could
impact the area of the HELCO Keahole Generating Station in North Kona, Hawai'i based on the
limited published geologic information on the area, new reconnaissance field work,
paleomagnetic measurements and carbon 14 age dates, and the extensive volcanological
experience of the two authors. Gaps remain in our knowledge of the volcanic history but the
following summary is based on the best available evidence that was field checked. This study
was initiated on 23 July, 2003, following an authorization to proceed by Belt Collins Hawaii Ltd.

GEOLOGIC HISTORY OF HUALALAI VOLCANO

The Kedhole Generating Station area (KGS) is located entirely on the flanks of Hualalai
Volcano (Fig. 1), the least active of Hawai’i Island’s three active volcanoes’. This volcano is
representative of the post-shield stage of Hawaiian volcanism, which is characterized bya
marked decrease in eruption rate as the volcano drifts off the Hawaiian hotspot (Frey and others,
1990). The estimated lava production rate for Hualilai over the last 3000 years is about 2% of
the current rate of Kilauea volcano 156 W 155 W
(Moore and others, 1987).

Hualalai comprises about half of
the Kona district of Hawai'i. It rises to
an elevation of 8271 feet and covers WN}
about 325 square miles. Most Hualilai Aot 2l N MAUNA KEA
eruptions have taken place from vents
along two primary rift zones (Fig. 2); the
Northwest Rift Zone, extending 15 miles A
from the sea to the summit, and the
Southeast Rift Zone, trending about 8
miles from the summit to the southeast
where it is buried by Mauna Loa flows.
The less active North Rift Zone, extends
northward about 6 miles from the
volcano’s summit to Pu'u Wa'awa’a
(Fig. 2).

i MAUNA LOA

. rift zome

6’ Mokuaweoweo -
O KILAUEA

N

20 4% Kitometers

Moore and others {1987}
concluded that about 25% of the volcano
is covered by lavas less than 10,000
years old. In contrast, 90% of Kilauea
volcano has been covered by new lavas flows in the last 10,000 years (Holcolmb, 1987). The
most recent Hualilai volcanic activity is thought to have occurred in 1801 (Kauahikaua and
others, 2002). The volcanic history of the Hualalai volcano was subdivided in the most recent
geologic map of the volcano into 8 basic age groups ranging from the 106,000 year old Puu

Fig. 1. Map of the island of Hawai‘i showing
the location of the 5 volcanoes and Figure 2.

' Volcanologists consider any volcano with humanly-documented eruptions to be “active” and to
have the potential to erupt again.




Wa awa'a cone and flow to the two historic eraptions at about 1800 A.D. (Moore and Clague,
1991) Within these age groups, most of the eruptions apparently occurred in clusters closely
related in time, as did the historical eruptions about 200 years ago. Thus, the number of separate
eruptive sequences is less than indicated on the geologic map of Moore and Clague {1991).
Single eruptive sequences consist of many separate eruptive phases (as exemplified by the
ongoing eruption of Kilauea Volcano, where 35 separate eruptions have occurred during the
single eruptive episode that began in 1983). Paleomagnetic studies and radiocarbon dating of
many Hualalai lava flows mapped as products of separate eruptions by Moore and Clagne show
that they were part of eruptive sequences and should be treated as products of single, rather than

several, eruptions.
156 00

EAPLANATION

fuaialat lava flows of
1806 - 1801
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ca. 1800 -

-
-

Pu'e Anahold
et

Mauna Loa lava flow of
1886

Prohistorc Mauna Loz
lava flows

Trachyts lava flow and
cinders. > 100,000 yrs.old

)
Eruptive vanis along
Hualalal's rift zones

P Roads

Topographic confours

?’z?i:gafé 2. Principal geographic and geologic features of Hualdlai Voleano (modified after
Macdonald and others, 1983). The box indicates the 25 square mile Study Area surrounding the
Keahole Generating Station. Contour interval is 1,000 feet.

Hualdlai’s most recent eruption oceurred along its Northwest Rift Zone (NWRZ) m 1801
from vents at about 1800 feet above sea level. This eruption sent several lava flows, collectively
known as the Hu ehu'e Flow, westward to the sea (Fig. 2). The Hu'ehu'e flow field underlies the
north end of Kedhole Airport and is a mile to the northwest of the KGS. A larger historic flow,



known as the Ka iipilehu Flow was also erupted from NWRZ but from vents at about 5000 to
6000 feet above sea level. The flow traveled to the north entering the ocean at Ka liplilehu,
ahout seven miles to the northeast of KGS. The precise age of this flow is uncertain. Kauahikaua
and others (2002) believe it may have formed a few decades before 1801 based on historic
accounis by Hawaiians (Kauahikaua and Camera, 2000). Paleomagnetic data and radiocarbon
ages for these two historical flows are, however, identical within analytical error (Kauahikaua
and others, 2002). The similar compositions of these two flows (Kauahikaua and gthers, 2002}
indicate that they are related to the same magmatic “puise” of activity, which ended about 200
years ago.

A seismic swarm on Fualilai in 1929, which lasted over a month (Macdonald and others,
1983} may have been related to an intrusion and thus represent a failed eruption {(Moore and
others, 1987}, This event and an estimate of about 200 eruptions over the past 10,000 years led
Koore and others (1987) to conclude that the average recurrence interval for Hualalai eruptions
was about 50 years. They predicted that the next eruption could come within the next few
decades. We believe this estimate and prediction are incortect. As noted by Moore and others
(1987), Hualalai eruptions have not been periodic. Instead, they occurred in clusters of several
eruptions within a few hundred years, separated by several centuries of inactivity. Thus, the
absence of a Hualalai eruption in last 200 years does not mean an eruption is "overdue".
Nonetheless, the volcano is “active” in geclogic terms and will certainly erupt again. There are,
however, no seismic or other indicators of an imminent eruption.

METHODOLOGIES

Geologic mapping

The most recent geologic mapping of Hual#lai was by Moore and Clague (1991). This
mapping was not in sufficient detail to allow for a thorough volcanic hazards analysis of the
Keshole Generating Station. For our analysis, we
sclected a 25 square mile area surrounding the KGS
(the Study Area) as representative of the lava flows
that had impacted the area. This area was re-
mapped by field inspections, including examination
of the mineralogy of the lavas, and by interpretation
of both color and black & white aerial photographs.
This work added considerable additional defail to
our knowledge of the geology of the KGS area.

Paleomagnetic determinations

The orientation of the Earth’s magnetic field
changes slowly with time (Hagstrum and
Champion, 1993). Lava flows record the direction
of the ambient magnetic field at the time of their
cooling. The differences in magnetic orientation of
lava flows may thus be used to distinguish flows
from one another it sufficient time elapsad
(typically 100 years or more) between the times of  Figure 3. Drilling rock cores for paleo-

Magnetic stadies




their eruptions. To aid us in grouping and separating flows and in assigning approximate
eraption ages, we conducted extensive sampling for geomagnetic studies (Fig. 3). Over 100 rock
cores were obtained from eight different outcrop areas, precisely oriented with a solar compass,
and their magnetic properties analyzed at the Rock Magnetism Laboratory of Western
Washington Usiversity.

Radiocarbon dating

The best guide o future activity of a volcano is the record of past activity. For this
reasol, reliable appraisals of future lava flow hazards depend on accurate age determinations of
the lava flows in the area under consideration. Radiocarbon dating of charcoai fragments
recovered from beneath lava flows is the most reliable means to establish eruption ages for
Hualdlai lavas. A great deal of effort was expended in searching for datable charcoal beneath the
lava flows of the Smdy Avea (Fig. 4). Because the Study Area is extremely arid, however, and
soils between lava ﬂews are generally absent (Fig, 5), plant materials necessary for charcoal
formation are uncommon and carbonaceous inaterial for dating is difficult to find. Of the four
charcoal samples recmvered during our studv, threa were contaﬂunated by later wildfire carbon
and gave unusable age dates. :

Figure 4. Collecting
charcoal from a soil
developed on tephra
wnder the Kaloko Flow.,
A radiocarbon age of
2,410 + 40 years was
obtained on this sample.
This sample locality is
high on the flanks of
Hualalal where soils are
MOTe COMIMOon.

GEOLOGY OF THE KEAHOLE GENERATING STATION STUDY AREA

The Keahole Generating Station is located downslope from Hualilai’s Northwest Rift
Zone (Fig, 2). The surface lavas along the rift zone are almost all less than 18,000 vears old and
most are less than 3,100 vears old (Moore and Clague, 19915 All of the flows on the northwest
flanks of the volcano, including those in the KOS area, originated from the Northwest Rift Zone.
These flows range widely in texture, from fluid, smnooth pahoehoe to pasty, rough a’a. All of
these flows covered less area than the current eruption of Kilavea (Moore and others, 1987;
Garcia and others, 2000). The main lava flows in the Study Area (Fig. 6) are discussed below,



Figure 5. Kedhole Point flow overlying the Kohanaiki flow one mile west of the KGS. Almost
1,000 years separates the emplacerent of these two flows. No soils formed nor did tephra
accurnulate during this time interval.

Kezhole Point flow

The KGS Property is underiain by a single lava flow, here informally named the
“Keahole Point flow” (Fig. 6), which forms Kefhole Point and underlies much of the Keghole
International Airport to the west. Charcoal recovered beneaih this flow by Moore and Clague
(1991} gave a radiocarbon age of 2,140 = 100 years. This flow was apparently erupted from 4 or
more venis along Hualglal’s NWRZ at elevations of 2,000 to 4,200 feet above sea level. The
portion of the flow under the KGS consists of dense pahoehoe at the surface with irregular
subsurface “a'd lenses exposed in excavations on the KGS site (Figure 7). These stacked flow
jobes each have somewhat variable amounts of small olivine crystals (<1 to 6%} and minor
plagioclase (<1%). For a determination of lava flow bazards at the KGS site it was critical to
know if these lobes were all emplaced at the same time, or if they were products of separate
eruptions. Our paleomagnetic stadies show that these internal lobes were erupted at about the
same time {Figure 8).

To the north, the Kedhole Point flow consists of rubbly "a"a fava with common xenoliths
of gabbro and donite, and moderate amounts of olivine (3-6%). The flow is bordered by older
iava flows to the north and south (Fig. 6). To the west, it is overlain by the 1801 "Hu'ehu'e
Flow” (Kauahikava and others, 20023,
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Figure 6. Geologic map of the Keihole Generating Station Study Area. Geology in part after
Clague and Moore (1991), Numbers on map are in thousands of vears. Ages for the Kona
Palisades and undated older flows are estimated based on field relationships with dated flows and
paleomagnetic resuits,

Hu ehu ¢ 1801 Flow

This flow covers the northern portion of the Ke#hole International Alrport a mile
northwest of the K(G8., The Huehu’e Flow is a compound flow sequence consisting of two main
units: an early, mostly "2"a flow overlain by pihoshoe to the south and a northern flow of mostly
pahoehoe with minor “a°3 . These flows have similar mineralogies with sparse olivine crystals.
The southern "a"3 flow contains small, scattered fragments (“xenoliths”} of gabbro and dunite
from the interior of the volcano (Kavahikaua and others, 2002}, Eruption temperatures for these
flows are estimated to have been about 1180°C (Kauahikaua and others, 2002), which is typical
of Hawalian basalts, The rheclogy of this flow was been inferred from its glass chemistry and
eruption temperatures. Viscosities as high as 60 pascal seconds (Pa s) were estimated
{Kauvahtkava and others, 2002}, which are within the range for the lavas from 1984 Mauna Loa
eruption (Moore and others. 1987}, Other investigators have calculated much lower viscosities

At



and assumed much higher flow emplacement rates than have been observed during eruptions of
Mauna Loa or Kilauea (for example, Baloga and others, 1995; Guest and others, 1995).

Figure 7. Mixed "4 and pahoehoe lavas of the Kedhole Point flow exposed in the northern wall
of the Keiihole Generating Station site. Paleomagnetic sampling of similar flows exposed in a
roadcut 500 feet south of the KGS site showed that all of these flows were emplaced during the
same eruptive period.

Kona Palisades flow

This distinctive "a"a flow, located about 1.5 miles southeast of KGS, underlies much of
the Kona Palisades Subdivision, and is well-exposed in many roadcuts. Where the original
surface is preserved, this flow s covered with loose, rubbly "a 4 fragments. The rock contains 2-
4% olivine crystals % inch in diameter and sparse (<1-2%) crystals of white plagioclase up lo %
inch long with aggregates to almost ¥4 inch in diameter making this flow mineralogically distinet.
This flow was considered to be part of the 1801 flow sequence by Moore and Clague (1991) and
was. therefore, of particular interest for this study, Cur field work revealed that this flow is
extensively weathered, indicating that it is much older than 200 years. Our paleomagnetic
observations (Fig, 8) clearly show that this flow is nof of 1801 age, and comparisons with
paleomagnetic data of Clague and others (1959) and Hagstrum and Champion (1995} suggest
that it formed about 1,750 vears ago. This flow 1s mineralogically similar to a lava flow exposed
on the north side of the NWRZ west of the Ka iptlehu Flow (Fig. 2), and paleomagnetic data
obtained on this flow (Fig. 8) show that it likely represents a branch of the “Kona Palisades”
flow that traveled north of the NWRZ from a vent that also fed a flow to the south.
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Figure 8. Direction of paleomagnetic fields preserved in lava flows of the Keihole area, as
expressed by magnetic declination and inclination. Solid symbols indicate new data collected
during this study (Petro, 2003). Open symbols are averaged paleomagnetic field directions
measured in this area by Champion (2004).

Kaloko Flow

This major 2’3 flow is exposed at the southern margin of the Study Area (Fig. 6). We
collected a charcoal sampie at the base of this flow (Fig. 4) from higher on the flanks of the
voicano which yielded a radiocarbon age 2410 = 40 years. This flow is characterized by sparse
{<1%), small olivine crystals.

Kohanaiki Flow

This flow occurs just south of the overlying Kedhole Flow (Figs. 5, 6). It forms the
southern boundary of the Keahole Airport. Charcoal collected beneath this flow near the Kalaoa
Scheol at about 1,700 feet above sea level gave an age of 3,020 + 150 years (Moore and Clague,
1991). The flow consists of dense, tube-fed pahoehoe characterized by a very fine-grained,
tough internal fabric and the presence of rare, small crystals of olivine. This lava flow is also
characterized by irregular surfaces with many localized depressions and elevated hillocks
(tumuli). The low-lying depressions, up to 100 feet across and 10 feet deep, were formed by the
subsurface draining of lava seaward during emplacement of the flow and collapse of the crust.
Although about 95% of this unit consists of dense pahoehoe, several small patches of high-
standing, rubbly "a"i lava were found in the eastern exposures of the Kohanaiki pahoehoe. These
"a'a patches are slightly older products of the Kohanaiki eruption, and were formed by
fragmentation of early pahoehoe during emplacement.

il



Unnamed older flow

The oldest dated lava flow in the Study area is a narrow, "a’a flow exposed along the
northeast margin are the area (Fig. 6). This flow was derived from an unnamed, small vent
located at 4,000 feet elevation along Hualalai’s Northeast Rift Zone, and is characterized by
abundant olivine crystals and minor small plagioclase. It was radiocarbon dated at 4,700 % 350
years before present (Moore and Clague, 1991).

Older Lava flows

About 14% of the Study Area is underlain by remnants of older lava flows (Fig. 6),
exposed as “islands™ of highly weathered pahoehoe and "a’a , surrounded by younger flows.
They can commonly be recognized by the presence of lush grass cover, which reflects the
development of soil on their surfaces. Their ages are not known except that they are older than
the overlying 4,700 flow described above. Judging from degree of weathering, these older lavas
are all older than 5,000 radiocarbon years. These older flows consist dominantly of "a’a in the
notthern part of the Study Area, although pahoehoe is more common in the small remnants found
in the southern area. Just north of the Keéhole Point Flow, pahoehoe lavas of this unit are
characterized by large tumuli structures. Most of these older flows are characterized by relatively
abundant, small crystals of olivine,

GEOLOGIC HAZARDS

Volcanic Hazards
Lava Flows

The KGS property lies entirely within Lava Flow Hazard Zone 4 of Heliker (1997),
Mullineaux and others (1987), Wright and others (1992) indicating that less than 15% of this
area has been covered by lava flows within the past 750 years. This classification of the entire
Hualalai volcano as hazard zone 4 is far too generalized to reflect the variations of relative
hazards exposure over the entire volcano. A more detailed classification for Hualalai has not
been established, but would obviously show that hazards are greater along the volcano’s rift
zones, and lessen with increasing distance down the volcano’s flanks.

Hualalai is the least active of Hawaii’s three “active” volcanoes and its eruptions have
been infrequent. Moore and others (1987} suggested that the average recurrence interval for
Hualalai eruptions is about 50 years, based on their estimate of about 200 eruptions over the past
10,000 years, but there is ample evidence that indicates Hualdlai’s eruption recurrence interval is
much longer than this. Our reconnaissance geologic mapping and the detailed paleomagnetic
studies by Champion (2004) suggest that far fewer than 200 separate eruptions have occurred
over the past 10,000 vears. It appears that Moore and others (1987) counted many non-
contiguous lava outcrops as belonging to separate eruptions, whereas our new paleomagnetic
data and the extensive paleornagnetic data of Champion (2004} indicate that many are actually
part of the same eruptive period. Furthermore, it appears that Hualilai eruptions have not
occurred randomiy over time, but instead have been periodic. Eruptions have apparently
occurred in clusters separated by several centuries or more of inactivity, as was recognized by
Moore and others (1987). Thus, the fact that Hual@lai has not erupted in nearly 200 years, does
not mean an eruption is overdue.
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In evaluating the statistical likelihood of a future eruption threatening the Keghole
Generating Station, our best guide is the record of the past eruptions. This record provides an
understanding of how often lava flows have impacted this area. Although the lava flow
underlying the KGS is more than 2,000 years old, flows erupted in 1801 lie about a mile to the
northwest. Thus, for a statistical evaluation of risk, a broader area than the KGS must be
considered. As stated sarlier, we selected a 25 square mile area centered on the Keahole
Generating Station for our evaluation (Fig. 6).

Six lava flows entered the KGS Study Area during the past 4,700 years, including five
radiocarbon-dated lava flows and one, (Kona Palisades) whose age is inferred from
paleomagnetic and field data (Table 1). These flows are randomly distributed in time (Fig. 9),
show no periodicity or other time-dependent trends, and by various statistical tesis can be shown
to follow a Poisson (random) time distribution (Appendix A}, Small cuicrops of as many as six
undated older flows (>5,000 years) are also exposed in the KGS area (Moore and Clague, 1991),
but these cannot be used for statistical analyses as they are undated.

Table 1. Ages of dated lava flows within the Keahole Generating Station Study Area.

Informal Lava Flow Name Age Reference
(radiocarbon years b.p.) i
Hu'ehu'ee AD 1801 Kauahikaua and Camera (2000)
Kona Palisades 1,750 vyrs. b.p. (est.) This Report
Kedhole Point 2,140 +/- 100 yrs. b.p. Moore and Clague (1991)
Kaloko 2,410 +/- 40 yrs. b.p. This Report
Kohanaiki 3,020 +/- 150 yrs. b.p. Moore and Clague (1991)

Unnamed old flow

4,700 +/- 350 yrs. b.p.

Moore and Clague (1991)

The probability of flows from future eruptions reaching the Study Area, assuming that the
random time distribution of flows in the past will also characterize the future, can be calculated
for various time intervals using a Poisson probability model. The Poisson probability medel
assumes that: a) eruptions occcur independently, b) the probability that an eruption will cecur
does not.change with time, ¢) the probability that an eruption will cccur in a particular time
period is proportional to the length of the interval, and d) the probability of more than one
eruption occurring at the same time is extremely small (after Davis, 1973).

The following equation from Kauahikaua and others (1998) is useful for calculating
probabilities that future events will cccur over differing future periods:

] -
P=100l1-e’ ;

J

where 1 = probability evaluation window in years, and 7 = lava flow recurrence interval in years.
Since six lava flows have entered the KGS area in the past 4,700 vears, the recurrence interval 7
for this period {assuming random Poisson distribution) is 783 years,
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Figure 9. Radiocarbon and paleomagnetically-infesred ages and estimated surface argas of lava
flows in the KGS study area. Ages from Moore and Clague (1991) and our new charcoal and
paleomagnetic data.

The resulting probabilities that future flows will reach the Study Area (within 2.5 miles
of the Kehole Generating Station) are given in Table 2:

Table 2, Probabilities for future lava flows eniering the 25 sqnare mile Study Area

Evaluation
Period ¢ {years): ie Bt 1640 250 00 1,060
Probability 1.3% 6.2% 12.0% 2TE3% &7.2% 72.1% ‘

Lava flow emplacement rates are another factor to be considered in an evaluation of lava
{flow hazards. Emplacement rates for Hualdlai’s recent eruptions have been debated in the
scientific literature with rates varying from extremely fluid (up to 120,000 feet per hour for near
vent areas; Baloga and others, 1995} to values typical of the recent eruptions of Kilavea and
Mauna Loa (Kauahikaua et al., 2002). Measured flow rates for Mauna Loa and Kilauea lavas
vary from 16 to 30,000 feet per hour (Rowland and Walker, 1990). A tvpical rate for pahochoe
itows like those that underlie KGS on 3 gentle slope might be about 65 feet per hour, whereas for
an "a 4 flow on a steep slope the vate would be 3000 to 7000 feet per hour (Rowland and

-




Walker, 1990). The slopes down rift from the Hualalai vents vary from steep to gentle.
Therefore, depending on eruption conditions, a flow might move guickly down the steep slopes
for about 3 miles taking 2-5 hours and then more slowly on the gentle slopes above the KGS.

Fortunately, the inferred deep sources of Hualalai lavas (based on the presence of deep
crustal accidental blocks that are found in some of these lavas; Clague, 1987) imply that a
relatively long period of seismic unrest (weeks fo months) is likely to precede an actual eruptios.
This would give ample time to secure the KGS facility and to allow for precautionary evacuation
of staff should a lava flow threaten the KGS.

Volcanic Gases

THe most important sources of atmospheric pollutants in Kona area are related to the
dow ﬁwmd transport of magmatic gases from Kilauea Volcano. Kilauea’s shallow summit
magma chamber has slowly released large amounts of volcanic gases (principally sulphur
dioxide, SO,, and carbon dioxide, CO;) into the atmospherte for thousands of years. Kilauea
eruptions bring fresh s&pphes of gas-rich magma directly to the surface causing dramatic
increases in gas emission, During Hawaii’s prevailing traéewmd conditions these gases travel to
the southeast then mrculaé@ mrthward in the lee of Hawaii Island {Fm 10y, Diurnal upslope

Figure 10. Distribution of winds around the Island of Hawai't during trade wind (blue) and Kona
W;nd {red) conditions. Figure from Sutton and others (1997).

winds bring these gases on land during daylight hours, and the resultant “vog” causes poor
visibility and respiratory distress in many people.

During much of the 20" century, Kilauea's eruptions have been of short duration, a few
days to a few months (Garcia and others, 2003). The quantities of SO; were typically atound
100-150 metric tons/day during this period (Elias and others, 1998}, which are insufficient to
areatly impact air quality in the Kona area. Thus, the negative effects on Kona’s atmospheric
guality were short-lived. This changed dramatically in January, 1983, when the Puu G'o
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eruption began. For the first three years of this eruption, eruptive episodes occurred about once a
month and were short-lived {about cne day). The atmospheric impact on the Kona area was
slight as pollutants quickly dissipated during the month long periods between eruptions. The
style of this eruption changed in the summer of 1986, when the eruptions switched to sieady-
state lava lake activity resuling in the near-continuous emission of large quaniities of volcanic
gases (Fig. 11; Sutton and others, 2001). The quantities of SO, gas released by this eruption are

Figure 11. Typical fuming from Pu'u O o, Kilauea Volcano — aerial view to southeast. The
fume, which consists dominantly of Hy0, SO, and CO,, is being blown to the west by the
prevailing tradewinds. USGS photo by Christina Heliker, January, 2003.

The SO- gas from Kllavea eruptions is quickly oxidized to sulphuric acid (H;50,; Sutton
and others, 2000}, which has an estimated half-life of only six hours (Porter and others, 2002).
This acid reacts with airborne elements to produce mixtures of sulphate pariicles and weak acids,
which are the principal components of the volcanic “vog” that impacts the Kona area (Flias,
personal communication, 2003). Southerly winds at the Keahole Generating Station (HELCO
Adr Quality Tmpact analysis, Figure 3-1, unpublished report, 2003) bring diluted amounts of this
“vog” into the KGS area from accumulation centers further to the south (Fig. 10). Optical
photometric and condensation nuclei observations carried out in West Hawaii and Waimea show
that vog 1s present on the leeward side of Hawail Island during tradewind conditions (Fig. 12),
and that vog concentrations vary with diurnal wind directions (Ryan, 2000).

Maupa Loa volcano can also produce large quantities of volcanic gases during eruptions
(Ryan, 1995), but the high altitudes of most eruption sites for the past 90 years cause these gases
{0 remain at upper atmospheric levels and to not impact the Kona area. Mauna Loa Southwest
Rift Zone eruptions occurred below 5,000 elevation in 1868, 1887, and 1907, it is likely that
these eruptions may have irrpacted the Kona area, although these eruptions were short-lived (a
week or two), and their effects on the atmosphere were short-term.
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Figure 12. Distribution of sulphur-bearing volcanic pollutants from Kilauea volcano (vellowish
areas) as observed on a MODIS satellite image obtained during tradewind conditions. Image
from Porter and others (2002).

Tephra Fall :

Tephra deposits on Hualalai are uncommon and are of two basic types: cinder and
spatter. These tephra deposits are localized around vents with little dispersal by winds, ajthough
phreatic (steam) explosions similar to the 1924 eruption of Kilauea Volcano (Macdonald and
others, 1983) have scattered blocks widely around craters on Hualdlai’s Bast Rift Zone. In their
review of voleanic hazards in Hawaii, Mullineaux and others (1997) considered the hazard from
tephra fall (airborne ashfall) for all of Hualdlat Volcano to be “Zone 27, the same as the southern
flanks of Kilauea Volcano. They describe Zone 2 as areas where “tephra falls from lava
fountains should be frequent but thin”. We disagree with this characterization for Hualalal, since
tephra has only been observed along the summit and rift zones of the velcano or high on its
ilanks, and Hualilai does not have frequent eruptions. We examined many contacis between
lava flows in the “Study Area” around the KGS (Fig. 6). No tephra was observed in the vicinity
of the KGS and there were no indications that tephra has fallen in these low-lving arcas away
from the rift zone. While we cannot exclude the possibility that minor amounts of glassy tephra
(*“Pele’s hair”) could fall in the futvre from high fountaining episodes of the volcano, we would



expect these amounts to be slight and to have Tittle impact on operations of the KGS facility,
although filters on the air intakes at the plant may need to be changed more frequently if such an
eruption were to occur. Winds reported at the KGS in year long observation period in 1984
(HELCO EIS, 2003, Section 3; Environmental Seiting, Impacts and Mitigation Measures}) were
mostly (98%) less than 10 knots and usually from southerly directions away from the Northwest
Rift Zone.

FEarthgquake Hazards

The Tsland of Hawaii is one of the most seismically active areas on Earth, with more
destructive earthquakes than in any other comparably sized area in the United States (Wyss and
Koyanagi, 1992). Although the most severe historical carthquakes have oceurred on the
southern flank of Hawaii, Wyss and Koyanagi indicate that the Kona area is subject to
earthgnakes with intensities up to VIII on the Modified Mercalli Scale. Such intensities can
cause moderate to severe damage to unreinforced structures or to buildings with inadequate
foundations. Significant vertical ground accelerations are possible in this area, and must be
considered in designing buildings. The last major carthquake in the Kona area [M=6.9] occurred
on August 21, 1951, with its epicenter about 18 miles to the south of the KGS site. A series of
strong earthquakes of uncertain magnitude were apparently epicentered on the north flank of
Hualdlai in the fall of 1929, and caused extensive damage all over west Hawaii. Describing one

particularly strong earthquake on October 5, 1929, Jaggar (1929) wrote:

“in Kealakekua the motion was a heavy jerk, somewhat prolonged, and applied
very suddenly. Vertical retaining walls broke on the downhill sides of roads and
of filled land, stone houses were cracked, water tanks burst or were thrown off
their foundaiions, and some weak structures collapsed. Furniture was moved, and
loose objects were thrown about. Puuwa awa a Ranch received the brunt of the
disturbarice as usual, unbraced foundation posts went over, the masonry of the
basement of the main house was partly thrown down, new avalanches felling the
gulches of Puwwa awa'a Hill, bowlder fences were generally prostrated, and «
chimney stump was broken for a second time.”

The International Conference of Building Officials (ICBO), as expressed in their Uniform
Building Code (UBC), has recommended that the entire 1sland of Hawail meet the UBC
standards for Seismic Zone 4 (ICBO Code Committee, 1996). The recommendations of the
1CBO are not binding on local authorities, however, and the County of Hawail is still requiring
the less rigorous standards of Seismic Zone 3, established in 1970. 1t is recommended that any
future construction contemplated at the KGS site meet the more stringent design codes of
Seismic Zone 4, with the expectation that the County of Hawaii will eventually adopt these
higher standards.

Flooding and Ground Stability

The Kedhole Generating Station is located on the axis of a high-standing mound of
pihoehoe and does not lie in any observed potential flood channel. Therefore, flooding is not
expected 10 be a hazard at the KGS, except at times of extremely heavy rainfall when local
accumulations of rainwater may briefly appear at the site. The lava flows underlying the site are
highly permeable, and such surface water will quickly percolate downward.
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The rocks underlying the KGS consist entirely of pghochoe and consolidated 'a'd. Narrow
lenticular voids up to several feet across were observed in the pahoehoe lavas in the walls on the
eastern margin of the KGS, and similar cavities were also reported in the subsurface
investigation of KGS by Dames and Moore (1998) based on nwmerous drill holes at the site.
Lava flows are generally well-suited to support properly designed construction. No indications of
tectonic ground cracking or other secondary deformation structures were observed in the vicinity
of the KGS facility.

CONCLUSIONS

The probabilities that future eruptions of Hualdlai Volcano will directly impact the
Kedhole Generating Facility are quite fow, but still finite. Long-term “forecasting” of future
eruptions from dormant volcanoes like Hualdlai is impossible (Decker and others, 1995), but as
volcanoes become restless before eruptions, geophysical and geological observations make
forecasts possible. Forecast precisions improve as eruptions draw nearer and premonitory
phenomena become better defined. In the case of Hualdlal, it is likely that an extended period of
seismic unrest will precede any eruptive outbreak Such earthquake activity, possibly
accompanied by surface deformation of the voicano, should give adequate warning for KGS
Staff to secure the facility and to evacuate safely, if an eruption above the KGS appears possible.
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APPENDIX A --- Statistical Analyses of Lava Flow Ages

The six lava flows that have entered the 25 mile square “Study Area” around the
Keahole Generating Station in the past 5,000 years (Table 1; Figure 9) appear to have occurred
randorly over Hime, thus satisfying a critical criterion for the Poisson distribution analysis of
future lava flow probabilities. To better evaluate this assumption, statistical tests for randomness
were performed, using the methods employed by Davis (1973) in his analysis of the time
distribution of historical eruptions of Asc volcano, Japan. The sample size to be analyzed for the
Study Area is small, but since these six flows include the entire population of flows that entered
the Study Area over the past 5,000 years, the samiple adequately describes the activity of this

period.

To evaluate the possibility that eruptions were entering the Study Area either more or
less frequently with time, a trend analysis and regression line analysis were performed to reveal
any changes in the rate at which flows have entered the Study Area. Following the method used
by Davis (1973) this was done by dividing the 5,000 year time into five equal segments of 1,000
years each and plotting the number of eruptions that occurred in each time interval (Figure A-1).
The horizontal regression line indicates the absence of any time-dependent trends.

Lava Flow Age Trend Analysis
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Figure A-1.Trend analysis for ages of lava flows that have entered the Study Area over

the past 5,000 radiocarbon-years before the present (b.p.J, showing the number of flows that
entered the Study Area within each of five 1,000 year time intervals. The horizontal slope of the
feast squares regression line (dark) shows that there has been no increase or decrease in lava flow
activity over this time period.
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To evaluate the possibility that a serial correlation might exist in the data, the time
between lava flows might depend on the time between the previous lava flows (i.e. that & short
fime between two flows would be followed by a short time till the next flow, or that a long time
interval between flows would be followed by a loag time until the next flow), a scatter plot was
constructed for the four time intervals that were both preceded by, and followed by eruptions
(Figure A-2). This plot shows both large dispersion and a concentration of points near the axes,
typical of a random series of events (Davis 1973), and although sparse, the data show no
connection between the lengths of repose before and after lava flows entered the Study Area.
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Figure A-2. Duration of fime between successive Java flows that have entered the Sindy Area,
showing intervals before and after individual flows. Repose intervals before individual lava
flows show no relationship to length of time to next lava flow.

These tests demonstrate that the timing of lava flow entry into the KGS Study Area
has indeed been random over the past 5,000 years, and thai the flows that have eniered the area
are mutually independent events. The probability of future lava flow impact on the Study Area
can thus be analyzed by Poisson probahility statistics.
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Executive Summary

BACKGROUND

HELCO submits this major review of its
IRP in compliance with the Commuission’s
Framework for Integrated Resource
Planning (Framework), as revised May 2Z,
1992, in Decision and Order No. 11630,
Docket No. 6617,

Section VII.A of the Decision and Order
established July 1, 1997, as the date by
which HELCO must conduct a major review
of its IRP. By letter dated July 5, 1996,
HELCO requested Commission approval of
an extension of the submission date of
HELCO’s révised IRP from July 1, 1997, to
September 1, 1998. By Order No. 14866,
dated August 8, 1996, the Commission
approved HELCO’s request to extend the
submission date. On September 26, 1997,
the Commission issued Order No. 15977,
opening Docket No. 97-0349, regarding
HELCO’s 1998 IRP filing (IRP-98).

IRP-98 PREFERRED PLAN

The IRP Framework states that the overall
objective of the IRP process is to identify
“the resources or mix of resources for
meeting the near and long-term consumer
energy needs in an efficient and reliable
manner at the lowest reasonable cost™ and
that the “ultimate objective of utility’s
integrated resource plan is meeting the
energy needs of the utility’s customers over
the ensuing 20 years.” It is with this
primary intent that HELCO has selected its
preferred integrated resource plan. In the
plan selection process, the Company also
gave  substantial  consideration,  and
incorporated  where  possible,  those
resources that  provide non-monetary
benefits to both utility customers and
society in general.

Figure ES-1 illustrates the preferred plan for
IRP-98. Table ES-] summarizes the system

"IRP Framework, Section TLA, page 3.
* IRP Framework, Section IV.B.1, page 20.

ES-1

peak forecast and the firm capability of the
system assuming the resources in the
preferred plan are installed.

The demand-side features of the preferred

plan include:

. Four energy efficiency DSM programs
implemented over the 20-year period,
1999.2018. The programs include:
Residential Water Heating, Commercial
& Industrial Energy Efficiency,
Commercial &  Industrial New
Construction and Commercial &
Industrial Custom Rebate programs.

- A forecasted maximum  energy
efficiency DSM peak impact of about
15.2 MW, reducing the forecasted net
peak load in 2018 from 263.6 to 248.4
MW.

. A forecasted total energy savings of
roughly 1300 GWh, or a savings of
about 3 million barrels of oil from
energy efficiency DSM over the 20-vear
planning period.

- Continuation  of  existing  load
management rates and rider contracts,
estimated to reduce the system peak
demand by more than 6.7 MW.

The supply-side features of the preferred

plan include:

- Retire Keahole D18-20 (total of 8.25
MW) with the addition of CT-4 and CT-
5 in December 1998

»  Retire Shipman 1, Waimea D8-10 and
D12-14 (rotal of 14.3 MW) upon
completion of Encogen Phase I°,
currently estimated to be in April 1999

- Retire Kanoelehua D11 and D15-17,
Keahole D21-23 and CT-1 (total of 30
MW) upon completion of Phase 2 of the
Encogen combined cycle’, currently
estimated to be in August 1999

* Consistent with HELCO Rate Case, Docket No.
97-0420 (HELCO T4, p. 43}
* Ibid.
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Figure ES-1, TRP-98 Preferred Plan

HELCO IRP-98 PREFERRED INTEGRATED RESOURCE PLAN
(1999-2018)

30-year DSHM
Programs (REWH,
CIEE, CINC, CICR}
Encogen West Wesl Woedt West
DICC Puna steam Hawsii Hawsii Hawaii  Huwaii
Keahole setirn from Kenhaie BICT DYET DTST DTCT

DTCT 4% sinadby DTST 7 Ph HA) Ph (A} Pu AL P IR}

e &

1958 | 99 90] Bl[ 'ITZ] ﬂ3l 64| 05 l}ﬁi 07[ 08; 09{ ]0[ i1 ldi j& 16‘ i'}'l 18

ot ¢ & g

Retire Retire Retire
Comtract Shipman 3 Shipman 2 Hiti &
Expires

Retire:

Retire Wiimen [-8,9,10,12,13,14
Keshole D-13,19.20 Kanoeiehus D-11,15.16.07,CTt
Keahole D.212123
Shipman ) .
Standby: Puna Kev Elements of Action Plan (1999-2003)
*Pursue installation of a wind project and/or phetovoltaic
facility
*Conduct a more refined analysis of distributed generation
resources, to determine whether or not they shouid be
implemented
*Permitting and engineering activities for Keahole ST-7
*Acquire new West Hawaii site (to support 2009 DTCT)
DTCC - Dual-train Combined Cycle REWH - Residential Efficient Water Heating
DTCT - Combustion Turbine CIEE - Commercial & Industrial Energy Efficiency
DTST - Steam Turbine with conversion of DTCTs CHNG - Commercial & Industrial New Construttion
1o Combined Cycle CICR - Commercial & Industrial Custom Rebate
»  Place the Puna steam unit on cold » Install a 60.7 MW dual train combined
standby upon completion of Phase 2 of cycle at a new West Hawaii site in
the Encogen combined cycle’, currently phases, with the first phase combustion
estimated to be in August 1999 turbine added in 2009. The second
- Expiration of the contract between combustion turbine and steam turbine
HELCO and HCPC for the purchase of would be installed in 2012 and 2016,
22 MW of firm capacity on December respectively.
31, 1999 = Install the first combustion turbine of a
»  Return the Puna steam unif to service second 60.7 MW dual train combined
from cold stand-by for cycling cycle at the new West Hawaii site in
operation in 2003 2017.
- Install Keahole ST-7 in 2006,
converting CT-4 and CT-5 to dual train The IRP analyses, and consideration of
combined cycle Advisory Group input, suggested pursuing

various means of acquiring additional wind
and PV resources and performing site-

* Ibid.
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‘Table ES-1. Summary of Preferred Plan System Peaks and Capacity

Base Feak Forecast, Without Base Peak Forecast, With
Peak Reduction Benefits of {Energy Efficiency DSM Pzald Peak Reduction Benefits of | Total Systemn Capability for
DSM Reduction Benefit DSM Preferred Plan

Year Gross MW | NetMW Gross MW Net MW Gross MW Net MW Gross MW Net MW
b 1999 172.7 166.8 0.8 08 1719 166.1 239 235
: 2000 174.4 168.5 .5 13 1728 167.0 217 213
2001 1772 M2 2% 223 174.8 168.9 217 113
2002 1809 174.7 3.0 2.9 177.9 1718 217 213
2003 184.9 178.6 R 37 1814 1749 232 228
2004 1889 1825 4.6 4.4 1843 178.0 232 228
2005 1931 186.5 5.4 52 187.7 1813 232 228
o 2006 198.8 1921 6.3 6.1 162.5 i86.0 243 238
i 2007 2042 197.3 72 6.9 197.0 190.4 243 238
) 2008 209.5 262.4 8.1 78 201.4 194.6 243 238
2008 247 2075 2.0 8.7 2057 198.7 256 251
2010 2200 226 10.0 9.7 2160 20259 256 251
2011 22640 2184 110 106 215.0 207.8 256 251
012 2323 2243 iL.9 115 2204 213.0 278 272
2013 2390 309 12.9 125 2260 2184 278 272
2014 2453 237.0 134 13.0 2318 2249 278 272
2015 2517 2432 i4.0 135 2376 2297 278 27
2016 258.5 249.8 14.6 141 2439 2357 284 278
2017 2655 2566 £5.1 4.6 2504 242.0 305 299
2018 2728 263.6 157 152 2571 7484 305 259

sminimim o

specific studies on distributed generation
resources. Details on how these resources
may be incorporated into HELCO’s long-
term strategy are provided in the IRP-98
Action Plan.

1o
&
p

2
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DEVELOPMENT OF THE CURRENT
INTEGRATED RESCURCE PLAN

Scenarios for the future electricity business
environment vary widely, with many risks
and much uncertainty. The goal of the
planning process was to develop a plan or
plans which would be responsive to an array
of reasonable scenarios for the future.
Flexibility and resilience are essential
attributes of a long-term integrated resource
plan.

The planning context for IRP-98 was
similar to that of IRP-93 in terms of risk,
uncertainties and conflicting objectives.
One major difference is a clear change
toward increased competition in the electric
utility industry.  Other differences are
summarized in Table ES-2. All of these

differences were considered in the plan
development process of IRP-98. As in IRP-
93, HELCO made every reasonable effort to
comply with the requirements of the IRP
Framework.

PUBLIC PARTICIPATION

An IRP Advisory Group, comprised of
representatives from state and county
agencies, environmental, cultural, business
and community interest groups, as well as
other interested individuals, served to
provide HELCO with a diverse set of
opinions and perspectives for consideration
in the development of its IRP plan. HELCO
made extensive effort to keep its IRP
Advisory Group educated, informed and
involved, by scheduling meetings at major

Table ES-2: Major differences between IRP-93 Reassessment and IRP-98

IRP-93 (reaséess ment)

IRP-98

«  March 1994 Sales & Peak Forecast «  September 1997 Sales & Peak Forecast
(lower than March 1994 forecast)

»  August 1992 Fuel Price Forecast +  May 1995 Fuel Price Forecast (lower than
August 1992 forecast) _

»  Forecast of DSM impacts as of June 1994 «  Forecast of DSM impacts as of November
1997 (lower than June 1994 estimates)

«  Supply-side resource data as of July 1993 »  Supply-side resource data as of October

1997

» Planmed addition of CT-4 and CT-5 at] -
Keahole in 1995, §T-7 in 1997

Pianned addition of CT-4 and CT-5 at
Keahole in 1998, §T-7 in 2006

Addition of Encogen's proposed 62 MW
dual-train combined cycle in 1999

Deferral of planned unit retirements
(Waimea D8-10, 12-14; Kanoelehua D} 1,
15-17, CT-1 and Shipman 1) until sufficient
capacity is installed. Retire Shipman 1,
Waimea DB-10 and D12-14 after Encogen
Phase I; retire Kanoelehua D11, D13-17,
CT-1 (and Keahole D21-23} upon
completion of Phase 2 of the Encogen
combined cycle

«  HCPC assumed to continue to provide 18 MW | .
of firm capacity through the IRP-93 planning
period (2013)

HCPC contract for 22 MW of firm capacity
terminates on December 31, 1999

Commission opened Docket No. 96-0493,
Order No. 15285, instituting a proceeding
on electric competition, including an
investigation of the electric  utility
infrastructure in the State of Hawaii

ES-4
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HELCO IRP-98

points throughout the IRP process, as well
as through written correspondence and
informal discussions with HELCO staff.
While HELCO welcomed the feedback it
received from the Advisory Group
members, it was not possible to incorporate
all suggestions into the preferred plan due to
competing objectives and other constraints.

IRP OBJECTIVES AND PLAN ATTRIBUTES

As stated in the IRP Framework, the goal of
integrated resource planning is “the
identification of the resources or mix of
resources for meeting near and long term
consumer energy needs in an efficient and
reliable manner at the lowest reasonable
cost.” With input from its IRP Advisory
Group, HELCO prepared a list of objectives
and plan attributes to assist in evaluating
plans supportive of the IRP goals. The nine
IRP objectives were:

. Meet Customer Electrical Needs at the
Lowest Reasonable Cost

.+ Improve the Quality of Electrical
Products and Services

. Maintain Corporate Financial Integrity

-+ Maintain Corporate Competitiveness

. Increase Fuel Diversity for the
Electrical System

- Support the State of Hawall Energy
Objectives

»  Protect the Environment

- Mitigate Potential Negative Societal and
Cultura! Impacts of the IRP Plan

« Increase Plan Flexibility

SALES, PEAK DEMAND AND  FUEL
FORECASTS

The IRP-98 analyses were based on the

following forecasts:

. Long-term sales and peak forecast,
dated September 11, 1997

. Fuel Price Forecast, dated May 22, 1995

¢ IRP Framework, Section [LA.

ES-3

On May 22, 1998, HECO adopted an
updated fuel price forecast, which forecasts
fuel prices for HECO, HELCO and MECO.
The 1998 fuel price forecasts for diesel and
MSFQO are lower than the 1995 forecast
used in the IRP-98 analysis. The 1998
forecast for coal is higher in the near term,
but lower in the long term. By the time the
1998 fuel forecast was issued, the IRP-9§
analysis was near completion. Therefore,
the 1998 forecast was not used in the
development of the IRP preferred pian.
However, the 1998 fuel forecast does not
affect the selection of the preferred plan for
the following reasons:

«  The supply-side resources in the 20-year
IRP preferred plan were determined to
be all oil-fired units using the 1995 fuel
forecast. Lower oil prices and a smaller
differential between coal and oil prices
in the 1998 forecast will iricrease the
cost premium for renewable energy and
coal.

. HELCO performed an analysis which
indicated that all four 20-year energy
efficiency DSM programs remain cost-
effective with the 1998 forecast.

- Lower fuel prices in the 1998 fuel
forecast would reduce the cost of
transmission energy losses, but would
not change HELCO’s preference to
install efficient generation closer to the
load in West Hawaii.
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ASSESSMENT OF DEMAND-SIDE
RESOURCES

Four energy efficiency DSM programs were
evaluated in JRP-98.  These programs
represent  continuation of the DSM
programs approved by the Commission for
the 5-year period 1995-2000:

. Residential Efficient Water Heating
Program (REWH), Docket No. 95.-
0173, Incentives  encourage
homeowners to install solar water
heaters, electric heat pumps or high
efficiency resistance water heaters.

. Commercial and Industrial Energy
Efficiency Program (CIEE), Docket
No. 95-0174. Incentives encourage
commercial and industrial customers
to replace existing air conditioning,

refrigeration, electric motors and
lighting with more energy efficient
egquipment.

. Commercial and Industrial New
Construction Program {CINC),
Docket No. 93-0175. Technical
assistance is provided 1o the

engineering community to  design

energy  efficient  buildings  and
facilities.
. Commercial and Industrial

Customized Rebate Program (CICR),
Docket No. 95-0176. incentives
encourage commercial and industrial
customers to identify opportunities to
increase the efficiency of electrical
energy use in their businesses or
facilities and implement them.

The DSM programs reduce both energy
consumption and peak demands on the
system. They were evaluated as both 2-year
programs {1999-2000), completing the five-
year period currently approved by the PUC)
and 20-vear programs {1999-20!8, through

ES-6

the IRP planning period) in the integration
analysis,

A pilot Capacity Buy-back DSM program
was approved by the PUC in Decision and
Order 15457, Docket No. 96-0421 on March
24, 1997. Given the positive customer
response to HELCO's rate rider contracts,
HELCO is not pursuing implementation of
the Capacity Buy-back program at this time.
As part of its Contingency Generation
Resource Plan, HELCO has made an
aggressive effort to acquire 28 contracts, or
about 6.7 MW of potential peak-shaving
capacity through its existing load
management rates and rate riders (Schedule
U, Rider M and Rider T). These rider
contracts give incentives to customers to
curtail load during system peak periods.
However, compliance on any given night is
not assured and long-term participation by
customers has not been demonstrated.
Therefore, for long-term planning purposes,
HELCO has assumed 5.5 MW is curtailed a1
the daily peak.
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ASSESSMENT OF SUPPLY-SIDE RESOURCES

For the purposes of integrated resource
planning, HELCO evaluated commercial
supply-side technologies that could be
developed by either the utility or by Non-
Uitility Generators.

The cost and performance characteristics of
existing HELCO-owned generating units
were updated in IRP-98 based on actual
performance data. Cost and performance
characteristics of future  supply-side
resource options were also updated from
IRP-93 to reflect current performance and
cost estimates.

A broad range of fossil-fired supply-side
resource options was screened down to a
shorter list of the most cost-effective
alternatives. A nurnber of renewable
technologies were also considered in the
supply-side resource option portfolio. The
short-list of fossil fueled and renewable
resource alternatives is shown in Table ES-
3.

RESOURCE INTEGRATION ASSUMPTIONS

Table ES-3, Supply-side Resources considered in the
integration Analysis

The PROSCREEN II model was used to
develop a multitude of plans which varied in
demand-side and supply-side resource
combinations, sequence of installation and
timing of resource additions. The HELCO
generation planning criteria was applied to
determine the timing of firm resource
additions.

Table ES-4 highlights the significant
assumptions used in the IRP-98 analyses.

INTEGRATION ANALYSIS AND CANDIDATE
AND FINALIST PLAN SELECTION

Resource integration is the process by
which  demand-side and  supply-side
alternatives are combined into resource
plans capable of meeting the forecasted
electrical energy needs of the Big Island.

Renewables

Simple Cycle Combustion Turbines MW
GE LM-2580 Simpie Cycle 209
GE LM-2500 8TIG 2.7
GE LM6&000 Simple Cycle 435
Single Train Combined Cycle Resources MW
GE LM-2500 | on 1 Combined Cycle 297
Dual Train Combined Cycle Resources MW
GE LM-2500 2 on | Combined Cycle 60.7
Steam Units MW
| Atmospheric Fluidized Bed 267
Repower Resource Options MW
Hill 5 Repowering 58.3
Puna Stearn Turbine Repowering 57.3
Hill 6 Repowering 58.1
Diesel Engine Resources MW
Diesel Engine 10.4
Diesel Engine 1.0
Phosphoric Acid Fuel Cell 0.19

10MW (rated maximum) Wind energy (Lalamilo)

SMW (rated maximum) Wind energy (Lalamiio)

10MW (rated maximum) Wind energy (N. Hawaii)

SMW (rated maximum) Wind energy (N, Hawaii)

1OMW (rated maximum) Wind energy (N. Hawaii}

SMW (rated maximum) Wind energy (N, Hawail)

Banery Energy Storage: 3 hrs @ SMW or 1.5 hrs @ 10MW
Battery Energy Storage Spinning Reserve: 20 min @ 10MW
0.9 kW (rated maximum) PV Energy-Distributed

4MW (rated maximum) PV Energy

Pumped Storage Hydro: 3 hrs @ 30MW (5. Hawaii)
Pumped Storage Hydro: 5 hrs @ 30MW (Kona)

13.8MW Run of River Hydro (E. Hawaii)

25MW Geothermal

25MW Biomass

conditions

*Capacity of fossil fired units represent net MW at average

ES-7
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Table ES-4. Summary of IRP-98 analysis assumptions

ITEM

ASSUMPTION

Analysis Period

1996.2018 (speciﬁﬁed by IRP Framework)

Transmission & Distribution Losses and
Company Use

8.64% of net generation

Sales & Peak Load Forecast

September 1997 HELCOQ Sales & Peak Forecast (Appendix F)

Fuel Price Forecast

May 72, 1995 Fuel Price Forecast (Appendix F)

DSM Cost and Performance Data

Data shown in Section 6

Future Supply-side Resource Cost and
Performance Data

Data shown in Table 4-7 and Appendix G

Existing generating unit data

Drata shown in Section 4.3

Existing unit retirements

Data shown in Section 4.3

Purchase Power Agreements

Data shown in Section 4.3

Cost of Capital Weight Rate

(for long-term planning) Short-term debt 5% 6.5%
Long-term debt 0% 6.53%
Preferred stock T% 9%
Common eguity 48% 12%
Composite Weighted Ave. 9.315%
After-tax Weighted Ave. 8.177%

Inflation Rate 1999-2000 2.64%

(source: May 1995 Fuel price forecast) 2001-2005 331%
2006-2018 3.40%

Composite Income Tax Rate 3891%

Revenue Taxes 8.885%

Externality Costs

Data shown in Table 5-3

Integration analysis involves the application
of quantitative analytical techniques and
experienced planning judgment to screen
possible plans down to progressively
smaller pools and to ultimately select the
final preferred plan.
The integration entailed the
following steps:

process

Step 1: Development of base case IRP
assumptions, including the Sales &
Peak Forecast, Fuel Forecast, and
existing unit data.

Step 2: Identification and
DSM  options and
alternatives

Step 3: Development of Candidate Plans,
representing a broad array of
objectives and including various

screening  of
supply-side

ES-8

combinations of DSM and supply-
side resources

Step 4. Elimination of redundancies within
the Candidate Plan set, to arrive at a
set of Finalist Plans

Step 5: Detailed attribute and sensitivity
analysis on the Fmalist Plans; and
analysis of the impact of other
“special considerations” to the
Finalist Plans

Step 6: Selection of the IRP Preferred Plan

The intent of Step 3. development of
Candidate Plans, was 1o generate a diverse
set of plans with various supply and DSM
resource combinations from  different
perspectives  (Utility, Customer  and
Societal). In addition to Candidate Plans
HELCO developed according to suggestions
from the Advisory Group, a number of
PROSCREEN 11 optimization runs were

i
i
i
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made to develop plans with the following

objectives:

« Plans with 2-year and 20-year DSM
bundles

«  Plan with no future DSM (from 1999)

»  Plans with a coal unit

+  Plans with repowering

+ Plans with indigenous and renewable
resources

»  Plans with and without Keahole ST-7 as
the next unit addition

« Plans optimized by either 20-year
{planning period) or 50-year (study
period including 30-vear end effects)
cost perspectives

The Candidate Plans were further narrowed
to 14 Finalist plans in Step 4. Each
candidate plan retained as a finalist plan had
some distinguishing trait that HELCO
and/or its Advisory Group (AG) felt
deserved further consideration. All AG-
suggested Candidate Plans were retained as
Finalist Plans. While the AG generally
concurred with the types of plans in
HELCO’s proposed finalist plan list, the AG
requested that renewable resources be added
earlier in the plans, ideally within the five-
year Action Plan period. HELCO complied
with this request, and the Finalist Plans
reflect this change. Since there is a
necessity to add baseloaded generation at
the load center in West Hawaii, and
inclusion of transmission costs associated
with East and West Hawaii generation
determined that ST-7 on the West side is the
least cost next unit addition, the majority of
the Finalist Plans have ST-7 in 2006.

Selection of a reasonable number of Finalist
Plars allowed for more in-depth analyses to
be performed. An atribute analysis was
conducted to identify significant differences
between the Finalist Plans in achieving the
IRP objectives, A sensitivity analysis
determined how resource selection could
change with deviation of actual sales or fue!
prices away from the current base forecasts.
In addition, other special considerations that

ES-9

could affect the selection of a preferred plan
were taken into account at this stage of the
IRP process. This included:

«  the Hawaii Energy Strategy,

- climate change and

- an updated fuel price forecast,

In its review of the finalist plans, HELCO
identified  four  major distinguishing
characteristics among the plans:

l. Length of commitment 1o energy
efficiency DSM programs

2. Location of future generation additions

Future renewable energy development

4. Distributed generation to defer large
scale, central station generation

12

Thorough examination of each of the four
differentiating factors consequently led to
the selection of the IRP-98 Preferred Plan.
Selection of the preferred IRP plan was
made in consideration of the requiremnents
of the IRP Framework, the planning context,
forecasts, IRP objectives and their relative
importance, premises for the analyses,
results of the analyses and Advisory Group
input. The four major issues are discussed
below,

1. DSM

Al four 20-year energy efficiency programs
continue to be cost effective from the utility,
total resource cost (TRC) and societal
perspectives even with a reduced leve] of
penetration from what was expected at the
time of the program applications. The fact
that the programs are cost-effective from the
TRC perspective is especially important,
since this indicates that customer costs, as a
whole, will be reduced relative to a no DSM
case. Aside from economic benefits, there
are also reductions in air emissions and fuel
usage associated with implementation of
energy efficiency programs. Solar water
heating in the residential water heating
program will support HELCO’s
participation in the federal Million Solar
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Roofs Program. DSM can provide HELCO
flexibility in the timing of generating unit
additions, to the extent that program ramp
rates can be modified. At the same time,
though, energy efficiency DSM does
increase the per unit cost of electricity, seen
by the consumer as higher electric rates.

HELCO believes that the advantages of
continuing  energy  efficiency DSM
programs outweigh the drawback of
increased rate impacts at this time, and
therefore is including all four 20-year DSM
programs in its preferred plan.  The
Advisory Group has also demonstrated
support for 20-year DSM, assigning the IRP
attribute of “increase DSM penetration” the
highest weight in their rank-and-weight
attribute analysis. Having the 20-year DSM
programs in the IRP plan will give HELCO
the flexibility to continue with these
programs over the long term, provided they
are justified in applications and approved by
the Commission beyond the currently
approved 5-year period. Future changes in
the nature of the electric utility business
environment may justify an increased
weight placed on mitigating rate impacts to
the point where it may be high enocugh to
offset the favorable attributes of DSM. In
that case, HELCO would need to be able to
scale back or phase out the DSM programs
in order to reduce rate impacts.

2. Preferred Location of Future
Geperation

In the wvear 2000, HELCO forecasts
approximately 56 percent of the total system
load to be situated on the West side of the
Big Island. However, only about 26 percent
of total generation, comprised of three
relatively inefficient combustion turbines,
will be located in West Hawaii at Keahole.
Thus, a large proportion of the energy needs
on the West side must be exported across
the island, incurring high losses across
transmission lines. Or, if the West side CTs
need to be run for voltage support, then

ES-10

losses will be reduced, but operating fuel
costs will increase. This obvious mismatch
between the location of generation and load
will continue to grow if future generation is
not sited in West Hawaii, as more than half
of future load growth is projected to be on
the West side of the island.

Completion of the Keahole dual-train
combined cycle with the addition of ST-7
will contribute an additional 18 MW (gross)
of capacity as well as significant gains in
efficiency to West Hawaii. This capacity
addition and efficiency improvement will be
achieved without buming more fuel or
generating additional emissions. Moreover,
the conversion of CT-4 and CT-5 at
Keahole to combined cycle wiil provide
voltage support from efficient generation on
the West side. However, even with ST-7,
total generation on the West side will only
amount to about 30 percent.

Future generation additions beyond ST-7 at
a new West Hawaii site will bring a closer
balance between generation and load to the
west side of the island. This will not only
serve to reduce transmission losses, but will
increase the chances that the system will
remain stable in case a transmission line or
lines are out of service and system
separation should occur. The closer
generation is to the load, energy delivery
becomes less dependent on the transmission

system, thereby increasing  system
reliability,
HCPC and PGV, independent power

producers currently providing firm power to
the HELCO system, have expressed interest
to expand their power generation operations
on the Big Isiand. Since these existing
tacilities are located in East Hawaii, and
contracts could be negotiated with these
parties in the future through PURPA, there
is even more reason for HELCO to pursue
efficient generation on the west side to serve
that local load.
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‘generation.

When transmission costs are accounted for,
it is Jower in cost to add ST-7 at Keahole as
the next unit in 2006 than repowering Hill 5.
In consideration of the cost and non-cost
aspects of siting future generation noted

~above, HELCO’s preference is that the next

unit after §T-7 be sited in West Hawaii near
the joad center.

3. Future renewable energy
development

In 1997, about 30 percent of total generation
on the HELCO system came from
renewable sources, ranking HEL.CO among
the top utilities in the nation in terms of
renewable energy as a percent of total
HELCO's existing  grid-
connected renewable sources include
geothermal, run-of-the-river hydro and
wind. Assuming continued operation of all
existing renewable facilities through 2018,
HELCO would surpass the federal
Comprehensive  Electricity Competition

Plan proposal of a 5.5 percent minimum

energy from renewable sources by more
than four times over the 20-year period.

The integration analysis determined that
plans with future addition of renewable
resources are more expensive than a
comparable all-fossil plan within the 20-
vear IRP planning horizon. This is true
even under a high fuel price sensitivity
analysis- or including the highest value
externality adders. In the 50-year study
period horizon, the plan that adds wind
generation has a slightly lower present value
of revenue requirements than a comparable
ali-fossil plan (estimated difference of about
$800,000 over-a S50-year period, using the
base case fuel forecast). It should be noted
that the PROSCREEN II model is not
capable of modeling the curtailment of
supplemental energy sources; therefore, the
integration analysis overstates the energy
from wind during the minimum load
periods.  Only if the low capital cost
estimate is assumed for pgeothermal is the
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plan with geothermal and wind lower in
estimated cost than the all-fossil plan in the
50-year study period. All other renewabie
plans considered are more expensive than a
comparable all-fossil plan even when
considering the longer term study period
and including the highest value externality
adders.

a. Supplemental energy sources (Run-of-
river hydropower units, Wind turbines,
Photovoltaic panel generating systems)

Since each of these resources depends either

directly or indirectly on the weather, they

are non-firm generation sources. HELCO
utilizes supplemental resources to reduce
fuel oif consumption. Fuel savings also has
the effect of reducing air emissions.

Supplemental renewable resources will

increase the fuel diversity of the system and

support the State of Hawaii energy objective
to increase the proportion of energy from
indigenous and renewable resources.

However, there are limitations to the
amount of supplemental generation that can
be incorporated. into the utility system. Due
to a reiatively smalli margin between the
minimum capability of its baseload units
and its minimum load, HELCO has recently
experienced instances where it had to curtail
generation from existing hydro and wind
resources.  HELCO is also incurring
increased production costs with existing
wind resources because of operating reserve
that must be carried by oil-fired units
capable of regulating system frequency.
The operating reserve is necessary to
counter excursions of the system frequency
away from 60 Hz, such that power quality
will not be compromised and load shedding
will not occur.

HELCO is aware of the growing
development of the wind industry and the
gains that have been made with new
technology. These new technologies,
however, need to withstand field testing and
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performance verification.  The various
advanced wind turbines are currently being
field tested at various locations on the
mainland.  These new advanced wind
turbines do not have any significant track
record to measure their performance over a
long period.

In consideration of the result of the
Advisory Group rank-and-weight analysis
which indicated a preference for wind and
PV, and the positive aspects of these
resources such as fuel savings and reduced
emissions, HELCO is proceeding to
concentrate its renewable energy efforts on
acquiring additional wind and PV resources
as listed below,

HELCO is currently negotiating with Zond
Pacific, Inc. (“Zond”) for purchase of as-
available energy from a 10 MW windfarm
which would be located at Kahua Ranch.
HELCO has also received a proposal from

Amoco/Enron Solar Power Development

(“Amoco/Enron”) for purchase of as-

available energy from a 4 MW PV resource.

As part of its IRP Action Plan, HELCO will

continue to negotiate with Zond and

Amoco/Enron for wind and PV resources,

respectively. However, in the case that

either or both projects do not materialize,

HELCO will consider the purchase of wind

and/or PV resources through one of the

following avenues:

a. Renewable Resource Request for
Proposal (RFP} — HELCO will develop
a Renewable RFP to invite renewable
developer(s) to submit a proposal to
provide energy to the HELCO system in
return for payments at or beiow
HELCO’s avoided energy cost;

b. Green Pricing Expansion — HELCO
will expand and extend the current
Green Pricing program filed with the
PUC to include a wind and/or
photovoltaic  projects. HELCO
customers will be given the choice to
pay & premium for these renewable
resources; or

ES-12

c. Utility Installation — HELCO will
consider installing a wind and/or a
photovoltaic project as part of its utility-
owned electrical generating system.

In addition to these utility scale projects,
HELCO and the Big Island community are
participating in the federal Million Solar
Roofs Program, with a vision to have
20,000 solar systems in place on the Big
Island by the year 2010. The types of solar
systems include both water heating and
photovoltaics.  The solar water heating
system portion of the vision is reflected in
HELCO’s Residential Water Heating DSM
program and therefore is reflected in
HELCO’s IRP plan. The photovoltiac
systems may involve a number of different
types of applications such as remote homes,
solar communities, remote water pumping

and PV lighting, commercial building
rooftop  grid-connected  systems  and
residential grid-connected systems. While

HELCO envisions having a role in this new
PV energy development activity, the precise
nature of that role s presently
undetermined. Other possible partners in
the realization of this vision for the Big
Isiand  include the solar industry,
governmen!, educational institutions, and
related professional groups like architects,
realiors, and engineers. As the estimated
PV installations in the federal Million Solar
Roofs Program is a vision and is still in the
conceptual stage, it was not possible to
reflect it in HELCO’s IRP plan.

b, Geothermai

Due to potential minimum load constraints
and uncertainties in  the forecasts,
geothermal was allowed in candidate plans
where sufficient margin was forecasted
between the system minimum joad and
minimum baseload capability. Geothermal
power is normally designed and operated as
a baseload resource because it has a high
capital cost but essentiaily no fuel costs.
Minimum load conflicts could require
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future geothermal plants to be designed to
be dispatchable and for cycling duty.

HELCO recognizes that, if successfully
developed and operated, and if it can be
integrated with existing resources on the
system, geothermal can be a highly
beneficiai  source of firm  power.
Geothermal does not consume fuel oil.
Under normal operations, it releases
relatively insignificant amounts of the
criteria pollutants into the atmosphere as
compared to fossil fired g&neration.7 It
would increase the ratio of energy from
indigenous and renewable resources in
support of the State of Hawaii energy
objectives, and improve fuel diversity.

However, geothermal is only cost-effective
if considering a long-term, 50-year study
period horizon and if geothermal can be
acquired at the low capital cost estimate of
about £3,700 per kW. Realization of this
installed cost would depend on the number
of wells that would have to be drilled to find
an adequate geothermal resource to provide
25 MW of firm power, and the cost to drill
each well.  Enhancing load following
capabiiity would probably require more
wells at a greater capital cost,

Aside from this uncertainty in initial
development cost, geothermal faces a
number of uncertainties and  risks
throughout the period in which it is
operational. Geothermal facilities  are
himited to certain areas of the Big Island
where there is some risk of either lava flow
or earthquake, which could cause long-term
damage to the generation facility. Since
HELCO would depend on geothermal 1o
provide firm capacity to the system,
additional geothermal on the system may
require HELCO to increase is reserve

" see Unit Information Form for 25 MW
geothermal in Appendix G, “IRP-98 Supply-Side
Resource Option Portfolio Development” (Black
& Veatch)
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margin  requirement. There is also
uncertainty in the long term reliability of
geothermal.

There are also members of the Big Island
community that are strongly opposed to
geothermal development.

In consideration of these factors, geothermal
was not included in the preferred IRP plan.

¢. Biomass .

HELCO recognizes that biomass resources

have a number of environmental and

societal benefits, including: promotion of
fuel diversity with the use of banagrass as
feedstock,  increasing  energy = from
indigenous and renewable resources,
consistent with the State of Hawaii energy
objectives, reducing total fuel oil
consumption, and reducing PM and SOx
emissions. While biomass has these
favorable attributes, HELCO does not
believe that it supports the IRP objective of

meeting consumer energy needs in a

“reliable manner at the lowest reasonable

cost” for the following reasons:

- Biomass rescurces are still not cost-
competitive  when  compared to
conventional technologies, and would
thus add a cost-premium to utility
ratepayers if implemented.

- Biomass plants carry substantial risks.
The dependability as well as the cost of
the feedstock may be subject to much
variability, as the result of inclement
weather or crop damage due to pests,
brush fire or disease.

«  Opportunities already exist ar former
sugar plantations to grow and utilize a
biomass feedstock. However, none of
the former plantations are currently
pursuing this, indicating that it may not
be economicatly attractive to do so.

« According to the Electric Power
Research Institute (EPRI), at this time
there are no commercial biomass-to-
electricity facilities utilizing a crop
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grown solely for electricity generation
in the United States.

- Biomass resources require significantly
more land area than an equivalent sized
oil-fired generating unit for cultivation
of the banagrass crop.

Due to these factors, bhiomass was not

included in the IRP preferred plan.

d.  Pumped Storage Hydro

The Advisory Group suggested a plan that
paired 2 10 MW wind resource with
pumped storage hydro (PSH) in 2009 after
the addition of ST-7. The idea behind the
concurrent instaliation of wind and PSH was
that the negative effects on system
frequency of wind fluctuations could be
avoided by having wind energy directly
provide pumping power for the PSH
resource. However, the physical location of
wind (Lalamilo) and PSH would not be able
to accommodate such a configuration.
There are also uncertainties as to whether or
not the PSH resource can actually withstand
the volatility in power input, as would be
realized with wind.

Pumped storage can provide system benefits
by pumping at, and thereby increasing, the
system minimum load. This wouid serve to
reduce the probability that the minimum
baseload capability of the system would
exceed the minimum load. Storage
technologies such as PSH are designed to
take advantage of the differential in system
production costs between the peak and off-
peak pericds. The differential in on-peak
and off-peak costs is not wide enough to
make PSH cost effective at HELCO.

For IRF analysis purposes, PSH was given
partial firm capacity due to its limited
availability over a 24 hour period. Even
with this assumption, PSH was not cost-
effective. With these cost and operational
considerations in mind, PSH was not
selected as a resource in the preferred plan.
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4. Distributed Generation

In the integration analysis, HELCO found
that the installation of multiple 1 MW
diesels in 2009 may be cost-competitive
with large-scale generation resources over
the 20-year planning period. Over the 50-
year study period, however, the plan with
multiple | MW diesels in 2009 had a higher
estimated present valpe of revenue
requirements than a comparable plan
comprised of dual-train combined cycles.
In the plan with 1 MW diesels, generation is
added in small increments commensurate
with the growth in system load, thus having
the potential to defer large-scale generation
additions. Distributed generation could also
provide system cost savings if it is sited to
defer the need for ftransmission or
distribution lines. Operationally, the | MW
diesels would provide quick-start capability
to the system in times of system emergency.

The costs and benefits of distributed
generation, however, are highly sensitive to
the site and case under consideration. The
IRP analysis has assumed planning level
cost estimates, and the specific location of
each 1 MW unit has not vet been identified.
As a component of its Action Plan, HELCO
will evaluate distributed pgeneration in
further detail on a site-specific basis. If
siting and permitting issues can be resofved,
the refined cost of distributed generation is
determined to be less than or equal to the
costs assumed in this IRP planning analysis,
and if systern benefits can be achieved, then
HELCO will pursue installation of
distributed resources.

ACTION PLANS

Demand-Side Action Plan

In order to implement the DSM Action
Plan, a number of activities must continue
to be accompilished,
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HELCO will continue to monitor the
DSM programs for their effectiveness

“and will continue to identify methods by

which the programs can be better
targeted, implemented and
administered.

Programs will continie to be adjusted as
the implementation process moves
forward. The DSM plans must be
fléxible and allowed to change over the
IRF ¢cycle as experience with the DSM
programs is developed,

The pilot Residential Direct-Install
Effort (referred to as the Residential
Retrofit Program in the 1996 and 1997
M&E Reports and A&S Reports) will
make free energy efficiency measures
available to qualified customers.
HELCO is working with community
organizations, government and the
company’s credit division to identify
participating customers for this pilot
effort.

Budget flexibility shall continue to be
required as some programs will exceed
their goals and others will fall short due
to  customer interest and market
conditions.

Baseline data collection efforts shall be
implemented to strengthen the basis for
DSM planning in the next IRP cycle.

The implementation steps now under way
that will continue include:

[

i

Ongoing  Staffing, Training, and
Program Procedures

Ongoing Measurement and Evaluation
Activities

Preparation of Annual Reports - The

Annual  Program Modification  and
Evaluation Report and the Annual
Program Accomplishments and

Surcharge Report are intended to be
filed in the Fall and Spring of each year,
respectively

Preparing for the next IRP Plan.
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in order to mitigate risks associated with the
DSM programs, HELCO has undertaken,

and  will

cofitinue to undertake, the

following efforts:

-

Baseline Data Collection - to0 1) prepare
information for the next IRP cycle, 2)
support prograny planning as
information becomes available, and 3)
support market assessment and demand
forecasting efforts.

Measurement and Evaluation - to not
only measure the impacts of the
programs, but also to diagnose what
aspects of the programs are working
well and which parts can be improved.
Work with Vendors and Coniractors - to
be able to monitor problems that can
occur and identify actions HELCO can

take 1o assure performance from the

trade allies.

Research and Development - 10 initiate,
where appropriate, piiot programs or
exploratory research to determine the
viability of DSM options and identify
appropriate design options for Hawaii.
Annual Program Plans - to continue to
update program plans on an annual
basts, incorporating modifications in
order 1o best acquire the DSM resource
based on lessons learned from program
implementation.

Supply-Side Action Plan

The major elements of the IRP-98 supply-
side action plan, which include activities
between 1999 and 2003, are:

L]

Permitting and preliminary engineering
activities for Keahole ST-7

Continue efforts to acquire a new West
Hawalii site to support the 2009 addition
of the first phase simple cycle
combustion turbine of a dual tramn
combined cycle

Conduct site-specific studies to validate
the generic data used in the IRP-98
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distributed generation

analysis  for

resources

" Continue to pursue installation of a

wind farm and/or photovoltaic facility.

In the event that current negotiations

with renewable energy developers for a

wind farm and photovoltaic facility do

not result in a power purchase
agreement, HELCO will consider the

purchase of a wind project and/or a

photovoltaic  project  from  other

renewable energy developers and
manufacturers through the following
options:

a. Renewable Resource Request for
Proposal (RFP) — HELCO will
develop a Renewable RFP to invite
renewable developer(s) to submit a
proposal to provide energy to the
HELCO system in return for
payments at or below HELCO’s
avoided energy cost;

b. Green Pricing Expansion —
HELCO wil} expand and extend the
current Green Pricing program filed
with the PUC to include a wind
and/or  photovoitaic  projects.
HELCO customers will be given the
choice to pay a premium for these
renewable resources; or
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¢, Utility Installation — HELCQO will

consider installing a wind and/or a

photovoltaic project as part of its

utility-owned electrical generating

system.
Continue  other
activities, including:

. continue commitment t0 assist
in renewable energy
development as presented in
PUC  Renewable  Energy
Resource Investigation, Docket
No. 94-0226.

»  increase commitment 1o educate
customers on renewable energy
technologies

« continue to evaluate and assess
renewable energy resources and
technologies

. continge to examine and, if
prudent, develop renewable
energy technologies through
small-scale demonstration and
pilot projects, or expand
existing demonstration or pilot
projects in situations where
knowledge can be gained
through hands-on experience.

renewable  energy
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1.1 BACKGROUND

By Decision and Order No. 11523, filed
March 12, 1992, in Docket No. 6617, the
Hawaii Public  Utilities Commission
{Commission) established a framework for
integrated  resource  planning  (IRP
Framework) by the electric and gas urtility
companies, and ordered them to develop an
Integrated Resource Plan (IRP) in
accordance with the IRP Framework. The
IRP Framework was subsequently revised
by Decision and Order No. 11630, dated
May 22, 1992, in Docket No. 6617. A copy
of the IRP Framework is provided in
Appendix A.

On October 15, 1993, Hawaii Electric Light
Company, Inc. (HELCO) filed its initial
IRF. By letter dated March 28, 1994,
HELCO notified the Commission of its
intent to assess the impact of its new March
1994 sales and peak forecast. The primary
purpose of this assessment was to
reschedule the timing of the planned supply-
side additions and to validate the continued
cost-effectiveness of  the  previously
proposed DSM programs. Hence, on June
6, 1994, HELCO filed an IRP Plan
Reassessment.

On May 29, 1996, the Commission issued
Decision and Order No. 14708 in Docket
No. 7259 stating that HELCO’s proposed
IRP and action plans complied with the IRP
Framework and were approved, subject to
the conditions within the Decision and
Order. Section VILA of the Decision and
Order established July 1, 1997, as the date
by which HELCO must conduct a major
review of its IRP.

By letter dated July 5, 1996, HELCO
requested Commission approval of an
extension of the submission date of
HELCO’s revised IRP from July 1, 1997, to
September 1, 1998. By Order No. 14866,
dated August 8, 1996, the Commission

1-1

approved HELCO’s request to extend the
submission date.

On September 26, 1997, the Commission
issued Order No. 15977, opening Docket
No. 97-0349. Among other things, this
docket directed HELCO to submit a revised
IRP for-Commission review and approval
no later than September 1, 1998,

1.2 PREVIOUS INTEGRATED
RESOURCE PLAN

1.2.1 Original IRP-93 (October 1993)

On October 15, 1993, HELCO filed its
initial integrated resource plan. This plan
consisted of both demand-side and supply-
side resources and was developed using a
March 1993 forecast of long-term sales and
peak loads. The demand-side resources
consisted of demand-side programs
intended to increase the efficiency of
customers’ use of electricity. The supply-
side resources included resources that would
produce additional amounts of power and
energy to meet the forecasted increase in
demand. Figure 1-1 illustrates HELCO’s
original IRP plan filed on October 15, 1993.

1.2.2 Moedified IRP-93 (June 1994
Reassessment)

On June 6, 1994, HELCO filed an IRP Plan
Reassessment. The primary purpose of this
reassessment was to incorporate HELCO's
most recent sales and peak forecast, the
March 1994 Forecast, and to reschedule the
timing of the planned supply-side additions.
The reassessment also modified HELCO’s
October 1993 DSM Action Plan by re-
bundling the DSM technology options into
four DSM programs (three commercial and
industrial market programs and one
residential market program). Figure 1.2
illustrates the modified HELCO IRP plan.



HELCO IRP-98 Section 1: Introduction

Figure 1-1. Original HELCO IRP-93
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The results of the June 1994 reassessment
confirmed the continued need for the
Keahole Combined Cycle project (DTCT
4/5, DTST 7) despite the slightly lower
March 1994 short-term forecast (by 1996,
the March 1994 Forecast was about 2 MW
lower than previously forecasted). Other
unit in-service dates, however, were revised

Table 1-1. HELCO’s IRP Plan Comparison

to meet the decreased long-term load
growth, and approximately 65 MW of
supply-side  capacity additions were
deferred beyond the 20-year planning
period. A comparison of the original IRP
and the IRP reassessment is shown in Table
1-1.
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1.2.3 Commission’s Findings

On May 29, 1996, the Commission issued
Decision and Order No. 14708 in Docket
No. 7259 stating that HELCO’s proposed
IRP and action plans, as submitted in the
original filing and subsequently modified in
the June 1994 Reassessment, were
approved. This approved plan is hereon
referred to as IRP-93.

In this major review of its IRP, HELCO has

produced a revised IRP, hereon referred to

as IRP-98. In its development, HELCO
drew upon much of the work done in IRP-

93 in order to contain costs while still

maintaining the integrity of the process and

work products. Examples of this are in the
areas’ of the demand-side resource
assessment, where the current effort drew
from the IRP-93 effort (See Section 6) and
the State of Hawaii Department of Business,

Economic Development, and Tourism’s

Hawati Demand-Side Management

Opportunity Report; and the supply-side

resource assessment, where results of the

previous supply-side resource identification
and evaluation effort was used as a starting

point for IRP-98 (see Section 7).

Furthermore, in order to make this a quality

and meaningful effort, HELCO continued

with those processes which the Commission
found to be satisfactory in IRP-93 and
improved upon those areas which the

Commission  found  needing  some

development. Following is a summary of

the areas which the Commission found to be
satisfactory and those areas Wwhere
improvement was expected.

. IRP_ Framework - The Commission
noted in its D&O that “HELCO made a
good faith effort to comply with each
requirement set forth in the framework
for its initial IRP.”® The Commission
also stated that “HELCO’s IRP is in the
public interest, is consistent with the

¥ Docket No. 7259, D&O No. 14708, filed May
29, 1996, page 7.

goals and objectives of integrated
resource planning, and represents a
reasonable course for meeting the
energy needs of its customers.™ In this
major review of its JRP, HELCO again
made every effort to comply with all of
the Framework requirements.

< Public participation - The Commission
noted that they were “generally satisfied
with HELCO’s efforts to involve the
public in its planning process, ... [and
that] all in all, HELCO provided
sufficient opportunity for the Advisory
Group to participate in and contribute to
the development of its IRP.”"® HELCO
continued to work with its Advisory
Group in a similar manner in
developing IRP-98. Details are given in
Section 3.3, Public Participation.

. Supply-side resource options - The
Commission noted that “HELCO’s
selection of supply-side resource
options is reasonable, [and] that
HELCO's initial IRP, as modified,
considered and analyzed the cost-
effectiveness and benefits of all
appropriate, available, and feasible
supply-side options.™' In this major
review of its IRP, HELCO built upon
the supply-side resource assessment
work of TRP-93 and applied a similar
screening and evaluation process.

. Demand-side  management _ (DSM)
resource _options - While the

Commission concluded that “HELCO
considered and analyzed the cost-
effectiveness and benefits of all
appropriate, available, and feasible
DSM  options,”? it also  directed
HELCO to “include a methodical
determination of the achievable DSM
potential for its service territory in ifs
program implementation schedule for
the next integrated resource planning

® Ibid., page 45.
% Ibid., page 6.

" Ibid,, page 16.
7 Ibid., page 22.
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cycle.”®  HELCO has addressed this . Supply-side_action plan - While the

using the DBEDT assessment of DSM
potential in lieu of duplicating the
study. {See Sections 6.1 and 6.4).
Externalities - While the Commission
found HELCCO’s qualitative approach to
consider externalities reasonable in its
initial integrated resource planning
cycle, the Commission noted, “We
expect HELCO to quantify externalities
in subsequent integrated resource
planning cycles.”*  To the extent
feasible, HELCO did  quantify
externalities through its participation in
a separate Externalities Project that was
led by HECO. The details and results of
that project are documented in the
Hawaii Externalities Workbook, which
was submitted to the Commission on
July 22, 1997. The Executive Summary
of the Hawaii Externalities Workbook is
included as Appendix I, and the entire
report can be reviewed at the HELCO
Customer Service office.
The Commission also stated that “No
values derived for externalities shall be
used without prior Commission
approval.”®* However, by Order No.
14862, filed August 8, 1996, of Docket
No. 95-0347, the Commission approved
the Companies’ request to use the
externality values in sensitivity analyses
in the second cycle of its integrated
planning process prior 1o receiving
Commission approval of the
externaliies study.  The externality
values were used to evaluate possible,
relative impacts on a societal level.
This was done to comply with Section
1I.B.4 of the IRP Framework, which
requires HELCO to give consideration
to the plans’ impacts upon the utility’s
consumers, the environment, culture,
community  lifestyles, the State’s
economy, and society.

Commission found HELCO’s supply-
side action plan to be consistent with
section 111.D.2.2 of the Framework, the
Commission also directed HELCO to
“conduct an updated study to determine
the cost-effectiveness of establishing
spinning reserve criteria.”* The
Commission requested that HELCO’s
analysis include a determination of
whether the tangible and intangible
costs of establishing spinning reserve
criteria would exceed the benefits and
that this study be submitted to the
Commission with HELCO’s next IRP or
with its next application to commit
generation capacity funds. A spinning
reserve assessment is - included as
Section 5.3 of this report.

Multi-attribute _analysis (MAA) - The
Commission noted that “Although the
MAA is not perfect, we find that the
MAA is an acceptable method to review
the competing objectives. We expect
that HELCO will review the MAA
process and refine the system in future
integrated resource planning cycles.” In
IRP-98, HELCO did review the MAA
process used in IRP-93 but found that
the process could not be refined to avoid
the criticisms received during the IRP-
93 hearings. HELCO, therefore, has
chosen to evaluate the various attributes
using a direct-comparison approach.
This method is similar to that which
was used in HECO’s IRP-97. HELCO
explained the direct-comparison
analysis to the Advisory Group,
including reasons for using this method.
The Advisory  Group, however,
requested the use of a rank-and-weight
tool, similar to that used in IRP-93, to
assist in their understanding of the
attribute trade-offs. HELCO informed
the Advisory Group that it would not
endorse the rank-and-weight exercise as
the preferred multi-attribute analysis

¥ Ibid., page 21.
¥ Ibid., page 24.
'* Ibid., page 49.

® Ibid., page 33.



HELCO IRP-98

Section 1. Introduction

method, and would continue with its
plans to use the direct-comparison
approach. Nevertheless, HELCO
recognized the desire of the Advisory
Group and agreed to facilitate the
development and application of an
Advisory Group rank-and-weight tool at
scheduled meetings. Details are given
in Section 3.4.2, Attribute Analysis
Methods.

1.3 MAJOR CHANGES SINCE
IRP-1

1.3.1 Contingency Plans

As shown in Section 1.2.2, HELCO’s IRP-
93 Preferred Plan included the installation
of Keahole CT-4 and CT-5 in 1995 and the
conversion of those units to a dual-train
combined cycle unit in 1997. The planned
in-service dates were based on an
accelerated schedule for CT-4 and the
receipt of necessary approvals for the
Keahole site by December 1994. Due to
delays and significant uncertainty in adding
a large increment of firm capacity (whether
at Keahole, at Kawaihae, at Hamakua or by
other developers), HELCO developed a
contingency plan and continues to re-
evaluate, re-assess and update the plan to
reflect changes in circumstances.

On June 9, 1995, HELCO filed its first
Generation Resource Contingency Plan with
the Commission. The purpose of this
contingency plan was to address the
possibility of delays at Keahole or the
possibility that the Conservation District
Use Permit (CDUP) or the covered source
air permit would be denied The
contingency plan focused on the following
areas: 1) maximizing available generation;
2) accelerating the installation of additional
generation; 3) minimizing load demand
through DSM; and 4) evaluating other
mitigation measures.

1-6

Delays in permitting of the Keahole project
occurred, and HELCO filed subsequent
Contingency Plan Updates in March and
October 1996, April 1997, and June 1998.
As a result of its contingency planning
efforts, HELCO was able to reach an
agreement with HCPC for the continued
operation of the facility through 1999, and
to increase the capacity provided from 18 to
22 MW. HELCO began receiving 22 MW
from HCPC on June 1, 1995, In December
1994, PGV began providing 3 to 3.5 MW
above the 25 MW of the firm power
contract amount, which later was increased
to 3 to 35 MW. On February 12, 1996,
HELCO and PGV executed an amendment
to the PGV PPA increasing the capacity
provided from 25 to 30 MW and on
September 23, 1996 PGV began supplying
HELCO with 30 MW of firm capacity.

In its most recent Contingency Plan Update
(June 1998), HELCO reported substantial
progress with respect to its contingency plan
efforts. For instance, a significant milestone
had been reached in negotiating a power
purchase agreement (PPA) with Encogen, a
Non-Utility Generator (NUG) affiliated
with Enserch Development Corporation
(EDC). The June 1998 Update reported that
on January 16, 1998, HELCO filed an
application requesting Commission
approval of a PPA and an Interconnection
Agreement with Encogen dated October 22,
1997. The June 1998 Update also addressed
uncertainties associated with the next
increment of generation additions. With
regard to HELCO’s Keahole project, the
update reported that much of the uncertainty
regarding the permitting for HELCO's
Keahole dual-train combined cycle unit has
been resolved and that HELCO expects to
be able to install both CT-4 and CT-5 in the
December 1998 timeframe. On the other
hand, the Encogen proiect has not yet
received its final air permit nor a “non-
appealable” PUC order approving the PPA.
As such, the Encogen project could be
installed as early as 1999, but could also be
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delayed pending resolution of any appeal of
a PUC decision or appeal to the
Environmental Appeals Board (EAB) of the
air permit. More details about the Encogen
project are given in Section 1.3.3.

The June 1998 Contingency Plan Update
concluded that in order to address delays in
and uncertainties associated with the
addition of needed generation, HELCO
would maximize its generation options by
proceeding with Keahole CT-4 and CT-5 in
parallel with Encogen.  This strategy
increases the likelihood of providing
reliable power to HELCO’s customers. See
Appendix P for the Executive Summary of
the June 1998 Contingency Plan Update.

1.3.2 Annual Evaluation Report

On June 30, 1997, in Docket No. 7259,

HELCO filed its Annual Evaluation Report

with the Commission. The primary purpose

of this report was to assess the continuing
validity of the forecasts and assumptions
upon which the approved IRP Plan and

Action Plans were based and to assess the

impact of changes in forecasts, assumptions,

and conditions on these plans. Some of the
key findings and conclusions of the
evaluation were as follows:

-  Uncertainty of the timing and regulatory
approvals remained an issue for both the
Keahole and Encogen projects.

»  Unit retirements scheduled in 1995 and
1997 in HELCO’s approved IRP Plan
would be deferred until a large new
increment of capacity is added to the
system.

- Encogen’s proposed 60 MW (net) dual
frain combined cycle at Hamakua was
added to HELCO’s updated plan.

- Lower diesel fuel prices in the May
1995 fuel forecast as compared to the
August 1992 fuel forecast used in IRP-
93 made the dual-train combined cycle
resource more cost effective,

»  HELCO’s planned addition of a 58 MW
phased combined cycle umit at its

Keahole power plant site in West
Hawaii continued to be a necessary and
cost-effective component of its plan to
meet both near-term and long-term
customer needs.

1.3.3 Encogen Power Purchase
Agreement (PPA)

HELCO negotiated a finalized PPA with
Encogen, and on June 2, 1997, in Docket
No. 94-0079, filed with the Commission a
Motion for Approval of Settlement
Agreement.  On August 7, 1997, the
Commission issued Order No. 15745, in
which it 1) approved the Settlement
Agreement, insofar as it settled the issues
concerning the terms and conditions of a
PPA and interconnection agreement
between HELCO and Encogen; and 2)
ordered HELCO and Encogen to submit to
the Commission for review and approval
executed copies of the PPA and
interconpection agreement. On January 16,
1998, HELCO filed an application for
approval of a PPA and an Interconnection
Agreement dated October 22, 1997,

Encogen’s proposal consists of a 60 MW
{net} oil-fired combined cycle Qualifying
Facility (“QF”) at Hamakua. The project is
to be installed in two phases. The Phase 1}
and Phase 2 in-service dates are generally
tied to the Commission approval date
{(“PUC Approval Date™) for the PPA. If the
Commission order approving the PPA is
appealed, the PUC Approval Date will be
the earlier of the date upon which it
becomes  non-appealable  (ie, after
successful resolution of an appeal) or two
years after January 16, 1998 (with Encogen
having the right to terminate the agreement
if the appeal is not resolved within two
years). The Encogen in-service dates for
Phase 1 and 2 generally are set at § months
and 12 months, respectively, after the PUC
Approval Date, subject to extension for
force majeure (such as further delays in the
issuance of Encogen’s air permit). As a
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result, Encogen Phases 1 and 2 could be
instalied as early as April and August of
1999, but could also be delayed to 2001 or
2002. For example, an appeal of a PUC
decision could go to the Hawaii Supreme
Court. Two previous electric utility cases at
the Hawaii Supreme Court took 25 months
and 40 months to resolve.”

1.3.4 Change in the Planning Context

One significant difference in the planning
context between IRP-93 and IRP-98 is a
clear change toward increased competition
in the electric utility industry. New federal
rules have opened wholesale power markets
to competition on the mainland.” The new
federal rules are aimed at encouraging
economic efficiency and lower electricity
prices in wholesale power markets. Among
other things, the rules will facilitate the
development of competitive generation
markets and consumer-oriented energy
services.” Competition has also moved to
the retail level in a number of states through
retail wheeling pilot programs and increased
legislative, regulatory or utility support of
retail competition initiatives. '

In Hawaii, which is among the remaining
states which have legislative, regulatory or
end-use activity in progress, the PUC
opened Docket No. 96-0493, Electricity

Infrastructure Investigation, Order No.
15285, filed December 30, 1996, 1o
“esxamine the issues related to the

introduction of competition in the electric
utility industry and to identify the

' See June 1998 HELCO Generation Resource
Contingency Plan Update #4, Section 6.3

* The Federal Energy Regulatory Commission
(FERC) issued the final rules in FERC Order No.
888, Promoting Wholesale Competition Through
Nondiscriminatory Transmission Services by
Public Utilities; Recovery of Stranded Costs by
Public Utilities and Transmitting Utilities. See
18 C.F.R. Parts 35 and 385 (1996).

¥ PLIC Order No. 15285, Docket No. 96-0493,
filed December 30, 1996, page 2.

infrastructure necessary to support the
transition to a competitive electric industry
marketplace in Hawaii.”** A complete copy
of the Order is included as Appendix B.

% Section I11.B, page 6, of Order No. 15285,
Docket No. 96-0493,
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Section 2: IRP Objectives

2.1 IRP OBJECTIVES

As stated in the IRP Framework, the goal of
integrated resource planning s “the
identification of the resources or mix of
resources for meeting near and fong term
consumer energy needs in an efficient and
reliabie manner at the lowest reasonable
cost.”?* With input from its IRP Advisory
Group, HELCO prepared a list of objectives
and plan attributes to assist in evaluating
plans supportive of the IRP goals.

This section provides an explanation of the
nine IRP objectives used to evaluate plans
from various perspectives. The objectives
encompass a wide range of considerations,
such as uncertainties, risk, and other issues
that are technical, social, and economic in
nature.

Objective 1: Meet Customer Electrical
Needs at the Lowest Reasonable Cost

One of the goals of integrated resource
planning is to meet near and long term
energy needs at the jowest reasonable cost.

Obijective 2: Improve the Quality of
Electrical Products and Services

The primary measure of the guality of
electric utility service from the customer
perspective is the level of service reliability,
Although improvements in refiability often
mean increases in costs, HELCO finds it
necessary 1o maintain reasonable levels of
reliabiiity for the safety and satisfaction of
its customers,

Objective 3: Maintain Cerporate
Financial Integrity

Section [LB.5 of the IRP Framework states
that the IRP shall take into account the
utility’s financial integrity. As an investor-
owned utility, a financially stable standing
is critical to the company’s ability to
acquire relatively low-cost capital from

** IRP Framework, Section 1L.A.
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investors and financial institutions. This, in
turn, determines the utility’s ability to make
capital additions and improvements that are
necessary to provide reliable energy
services ' at the lowest reasonable cost.
Lower financing costs for the Company
result in lower rates for its customers,

Objective 4: Maintain Corporate
Cempetitiveness

The electric utility industry has been going
through many changes recently that stress
the importance of a good competitive
position. This objective seeks to minimize
investment risks and allow the Company to
provide energy services at a competitive
cost.

Objective 5: Increase Fuel Diversity for
the Electrical System

Fuel prices are subject to worldwide
influences and are sometimes volatile.
Therefore, it is important to reduce the risks
of both large fuel price increases and
potential limitations in the availability of
certain fuel types. Risk reduction can be
achieved by selecting resources that add
fuel flexibility and diversity.

Objective 6: Support the State of Hawaii
Energy Objectives

The State of Hawaii’s statutory energy
objectives given in Section 226-18(a) of the
Hawaii Revised Statutes, as amended by
Act 96, Session Laws of Hawaii, 1994 are to
achieve:

1. dependsble, efficient, and
sconomical  state-wide  energy
systems capable of supporting the
needs of the people;

2. increased energy self-sufficiency
where the ratio of indigenous to
mmported energy use is increased;
and

3. greater energy security in the face
of threats to Hawaii’'s energy
supplies and systems.
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The plans seek to achieve these statutory
objectives along with consideration of all
other planning objectives.

Objective 7: Protect the Envirenment

All plans must be in compliance with all
environmental regulations with respect to
air quality, water quality, and land use. In
terms of air emissions, all plans must fall
within the maximum allowable levels set by
state and federal standards.

Objective 8: Mitigate Potential Negative
Societal and Cultural Impacts of the IRP
Plan

Depending on the nature of the plan or the
location of the resources in the plan, there
may be negative societal or cultural
impacts, such as increased development
where none is desired by the local
community. An important consideration in
the development of the plan is mitigating
any negative impacts on the local culture or
society.

Objective 9: Increase Plan Flexibility
Deviations from forecasted fuel prices or
the peak demand for electricity, the ability
to achieve estimated DSM penetration,
changes in  regulation, and other
unforeseeable and uncontrollable
circumstances pose investment risks to the
utility and its customers. For this reason,
flexibility of a resource plan is very
important,

2.2 IRP PLAN ATTRIBUTES

For each of the nine objectives above,
attributes were selected that could be used
to measure the level of attainment of each
objective. Attributes were quantitatively
measured where possible, and otherwise
qualitatively evaluated, Certain attributes
were assumed equal among plans, but were
stated because of their importance. The list
of attributes, including unit of measure and
the formula used 1o calculate the attribute, 1s

provided in Table 2-1 at the end of this
section.

Objective 1: Meet Customer Electrical
Needs at the Lowest Reasonable Cost

Attributes for Objective 1:

a) Reduce the accumulated presem worth
of revenue requirements (APWRR) of
the plan over the 20-year planning
period - Total revenue requirements for
gengration  include  capital,  fuel,
operation and maintenance, and DSM
program costs.

b} Reduce the average "rate” impact over

the 20-vear plamming period - Rate
increases affect customers’ ability to
pay for npecessary electric energy
services. Rate increases not only affect
residential  customers, but may
adversely impact the business sector as
well.  Avoidance of non-cost effective
and/or capital intensive resources will
mitigate the need for rate increases.
This attribute  was measured by
comparing average annual “rates” over
the 20-year planning horizon,
The annual “rate” for each plan was
calculated by dividing annual revenue
requirements by annual system kWh
sales. It should be noted that the annual
“rate” is a simplified projection of
future rates. For example, these “rates”
do not consider allocation of costs by
class of service and timing of actual rate
cases. The attribute also assumes that
the decrease in revenue requirements
due to the depreciation of existing assets
is offset by the escalation in non-
generation O&M costs, non-generation
capital additions, and capital
improvements. For IRP purposes, the
differential between calculated “rates”
for each plan served as an indicator of
the rate impact plans would have
relative to each other.

¢} Reduce “Rate Shock” - Large step
inereases In revenue requirements result
in relatively substantial rate increases,

ST
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d)

£
L

here referred to as “rate shock™. “Rate
shock” can be reduced by evaluating
supply-side resources not only by total
life-cycle costs, but on an annual
revenue requirements basis. Matching
the size of capacity additions closer to
the rate of load growth can also aid in
the reduction of “rate shock”.

“Rate shock”™ was measured by
determining the annual percentage
change in “rates” for all finalist plans.
The annual percentage change is the
differenice in “rates” between the
previous year and the curremt year
divided by the “rate” for the previous
year.

Reduce total customer cost over 20-
years -~ Total customer energy COSts
should be considered when evaluating
resources from the customer
perspective. In the integration process,
use of the total resource cost (TRC)
objective function minimizes the sum of
customer bills plus DSM participant
out-of-pocket expenses.

» Objective 2: Improve the Quality of
§ Electrical Products and Services

Attributes for Objective 2:

a}

Muaintain generating system reliability -
As an isolated island utility, HELCO
does not have interties to alternative
generation resources to draw from in
times of system emergency. HELCO’s
capacity planning criteria takes this
unique situation into account by
ensuring that an adequate level of
reserve margin is maintained to reduce
the likelihood and duration of customer
outages.  All resource plans were
required to satisfy the HELCO capacity
planning criteria, which addresses this
minimum level of reliability.

In addition to reserve margin, fuel

security also relates to  system
reliability. =~ HELCO does not have
interties to  alternative  generation

2-3

b)

c)

d)

resources if the fuel for a resource is not
available.

Maintain  an  appropriate  mix  of
baseload, cycling, and  peaking
generating capacify based on system
needs - As a general guideline, HELCO
seeks to keep a mix of 65% baseload
capacity, 25% cycling capacity, and
10% peaking capacity. These tend to be
the optimal points for cost-effectiveness
and operational efficiency.

Problems may arise if the sum of the
minimum capacity of baseload units
exceeds the system minimum Joad.
Baseload units, which are designed to
operate continuously, may be forced to
cycle off and on in such a situation.
Stresses induced by repeated thermal
cycles can cause critical metal parts of
these baseload units to develop cracks,
thus jeopardizing the reliability of the
unit or units.

This minimum load constraint was
measured by “dumped energy” in
MWh. “Dumped energy” is a measure
of the amount of generation in excess of
the system minimum load, if baseload
units are operating at their minimum
capacities.

Generation resources support
ransmission efficiency - Due to the size
of HELCO’s service territory, it is
important that the selection of
generation resources supports  the
efficiency of the transmission system.
Transmission capital costs and losses
should not outweigh the benefit of the
resource selection.

Generation resources support
transmission refiability - In addition to
supporting transmission efficiency, it is
important  that the selection of
generation resources supporis  the
reliability of the transmission system.
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Objective 3: Maintain Corporate
Financial Integrity

Attributes for Objective 3:

a)

b)

¢}

d)

Maintain allowed rate of return - For
planning purposes, a 12% allowed rate
of return on equity was used to
represent a long-term outiook. The rate
was kept constant throughout the 20-
year planning horizon for all plans and
for all planning perspectives. Although
this factor was not a differentiating
characteristic between plans, it is a vital
consideration in determining financial
viability and was included in the list of
attributes to highlight its importance.
Maintain prudent capitalization ratios -
For all plans for all planning
perspectives, the target capitalization
ratios were based on the Company’s
current long-term cost of capital
forecast. Although not necessarily a
differentiating characteristic between
plans, it is another vital consideration in
determining financial viability and was
also included in the list of attributes to
highlight its importance.

Reduce capital expenditures - Reducing
capital expenditures would mitigate the
need 1o incur additional debt and fixed
obligations, which could lower financial
integrity. Reducing capital
expenditures would also minimize
exposure to stranded investment and
would contain the need for increases in
rates.

Maintain  low  technological  and
Sfinancial risk - Maintaining low risk -
both technological and financial - is
conducive to maintaining financial
integrity without jeopardizing system
rehiability.

Ohbjective 4: Maintain Corporate

Competitiveness

Attibutes for Objective 4:

a) Increase deferral of  capital
expenditures - Pending changes in

2-4

b)

<)

utility regulation and the increasing
uncertainty as to the recovery of the
cost of major investments make it
prudent for HELCO to defer major
generating unit additions until the future
utifity environment is more certain. The
deferral of capital expenditures should
not jeopardize system reliability.

Reduce annual revenue reguirements in
the first 12 years of the plan - Total
revenue requirements for generation
include capital, fuel, operation and
maintenance and DSM program costs.
Although this IRP considers a planning
period of 20 years, a 12-year timeframe
was used here to highlight the utility’s
focus on the impact to annual revenue
requirements of near- ferm  unit
additions. Reducing annual revenue
requirements is important because it
will contain the need to increase rates.
Reduce rate impact over the first 12
years of the plan - The Company’s
focus is on the rate impact to customers
as a result of unit additions early in the
plan and/or due to the cost of DSM
programs. In a competitive
environment, the magnitude of rate
increases will weigh heavily on the
Company’s ability to retain customers
and sales.

Objective 5: Increase Fuel Diversity for
the Electrical System

Attributes for Objective 5.

a} Jncrease ability to wtilize different tvpes

of fuel - Fuel costs account for roughly
40 percent of total generation costs;
therefore, the long-term fuel oprice
forecast has a significant influence on
the selection of the least cost resource
plan at apy given point in time. Fuel
price forecasts are developed using the
best available data and established
methodologies; however, it is
reasonable that fuel prices and
availability during the 20-year IRP
planning horizon will vary from the
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current forecast. Therefore, it is
advantageous to revisit the selection of
fuel type when firm commitments for
purchase of the unit must be made.
Selection of certain combustion turbines
and combined cycles brings fuel
flexibility to the plan through . their
ability to utilize different fuels - from
light to heavy liguid petroleum
products to gasified products from solid,
liquid, or emulsified fossil-fuel
products. Selection of these types of
units also gives HELCO the flexibility
to modify the unit during its 30-year
service life if busning anocther fuel type
should become more economical. A
small variation in a fuel characteristic
could result in the fuel being classified
as ‘a different type, resulting in the
potential for a very large number of fuel
types to be considered. As a result, this
attribute was evaluated qualitatively.
Renewable resources also contribute to
increasing the fuel diversity of the
electrical system.

Objective 6: Support the State of Hawaii
Energy Objectives

Anributes for Objective 6:

a) Increase system fuel heat rate efficiency
- It is desirable to decrease overall fuel
consumption through the addition of
supply resources that consume less fuel
per kWh generated (have a low heat
rate) relative to other units.

b) Inerease system fuel cost efficiency -
Heat rate efficiencies in Btu/kWh can
sometimes be deceiving since certain
supply-side units may utilize expensive
fuels. Therefore, the system fuel cost
efficiency in dollars’kWh was aiso
examined.

¢) Increase DSM penetration - Increased
DSM penetration would have the
beneficial effect of reducing fuel
consumption, reducing overall
emissions and deferring the need for
additional generating capacity.

d) Increase the ratio of energy produced
by commercially viable indigenous and
renewable resources as a proportion of
total energy produced - This would
reduce the dependence on oil and
-reduce cashflow out of the state.

¢} Reduce use of fuel oil as an energy
resource - This would mitigate exposure
to potential disruptions in oil supplies.
The selection of coal or renewable
supply-side resources and an increased
amount of DSM would help to achieve
this objective.

Objective 7: Protect the Environment

While all plans must meet State and Federal

environmental regulations, certain plans

may have lower total emissions than others.

The following attributes were used to assess

the potential air quality impacts of the

various resource plans.

a) Total Voo (volatile organic
compounds) emissions of the plan

by Total CO (carbon moncoxide) emissions
of the plan

¢} Total PM emissions of the plan -
Includes PM,, which is particulate
matter 10 microns or less in diameter.

d) Total NO, (oxides of nitrogen)
emissions of the plan

e} Total SOy (oxides of sulfur) emissions of
the plan

fy Total CO; (carbon dioxide) emissions of
the plan - This parameter was selected
because of concerns over the potential
gradual rise in the atmospheric
concentration of CO, and the impact
this may have on global climate change.

VOC, CO, PM,, NOy and SO, were
selected to assess potential air quality
impacts because they are classified as
“criteria” pollutants and are regulated under
National Ambient Air Quality Standards.
Details of the impacts of these pollutants are
given in Chapter 5.0 of the Externalities
Workbook filed with the Commission on
July 22, 1997. Monetized externality values
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for NOx, SOx, and PM22 were included in
the societal perspective screening. Total
quantities were also accumulated in each
resource plan and evaluated across all plans.

With respect to water quality impacts,
various attributes such as quantities of
equipment cleaning wash water, facility
wash water, sanitary wastewater, water
treatment reject, boiler blowdown, and
cooling tower blowdown were considered.
However, water quality was omitted as an
attribute because it was not expected to
differ between plans based on the
Externalities Workbook finding that water-
related externality values ranged from zero
to negligible. In addition, the following
considerations made it difficult to consider
water-related quantities as attributes:

a) Water quality issues are very site-
specific and plant design-specific.
Different  issues  are  raised
depending on whether a plant uses
brackish, potable, or salt water.

b} Many water quality issues can be
addressed by engineering design.
All plants would have to comply
with local water permit
requirements.

c) Water guality issues are important
and are more  appropriately
addressed in the Environmental
Impact Statement (EIS) for a
proposed site rather than in the IRP.

With respect to land use impacts, atiributes
such as competing land use and hazardous
waste were considered. However, other
than land quantity {see atiribute 8d), land
use impacts were omitted as attributes
because of the Externalities Workbook
finding that land-related externality values
ranged from zero to negligible. Similar to
water-related issues, land-related issues are
very site and plant design specific and

* Monetization of particulate matter not only
included PM,,, but also particulate matter greater
than 10 microns in diameter,

would be addressed in the plant engineering
design process. Land use issues are more
appropriately evaluated in the EIS and not
in the IRP.

Objective 8: Mitigate Potential Negative
Societal and Cultural Impacts of the IRP
Plan

Attributes for Objective 8:

a) Meet all applicable federal, siate, and
counry regulations - Al plans will
comply with all applicable federal,
state, and county regulations. While
this attribute does not differ: between
resource plans, it is an important aspect
of societal impact.

by Mitigate potential negarive impacts on
social practices within various cultures
- This attribute is dependent on the
specific location of the resource and
cotld not be evaluated between plans at
this time. It will need tc be assessed at
the time of actual implementation of the
plan. While the resource plans were
based on assumptions using prototypical
sites, their exact locations were not
determined and varnability in the
sequence of generating unit additions
made it difficult to assess the impact on
social practices within various cultures,
Therefore, for purposes of long-frerm
planning, it was assumed that the
impacts among plans were equal,

¢) Increase compatibility with community
lifestyle - This auribute is also
dependent on the specific location of the
resource and could not be evaluated
between plans at this time. Therefore,
for purposes of long-term planning, it
was assumed that the impacts among
plans were equal.

d) Reduce land use - The amount of land
required for the wvarious supply-side
technologies was used as a measure of
potential cultural and societal impact
since competition for the “highest and
best use” of land could have cultura]
and societal conseguences. For
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example, the Advisory Group believed
that “there could be aesthetic value to
biomass cultivation over lands which
otherwise might remain fallow”.23

&
L
i

&

Objective 9: Increase Plan Flexibility

_ Attributes for Objective %

a) Increase resilience under sensitivity
analysis -~ A plan’s ability to remain
least-cost or near least-cost under a
variety of sensitivities was considered
highly desirable, given the uncertainties
inherent in long-term forecasts. A
plan’s resilience under sensitivities is an
indication of its ability to remain cost-
effective under several future scenarios.

b) Increase  flexibility @ of  project
configurations - Flexibility can be
evaluated in terms of the configuration

oo of the plant {(as in combined cycle units,

for instance) for particular resources,

scheduling, fuel types and sequencing.

RIS

# August 7, 1998 jetter from DBEDT to W. Lee,
p. 6.

27
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i 3.1 IRP-98 PROCESS

b
Lol
Z

The flowchart she:iwn. in Figure 3-1
illustrates the process for HELCO’s IRP-98.

Along each step of the process, the HELCO
Advisory Group provided valuable review
and input.
£ Figure 3-1. HELCO IRP-98 Process
Advisory Group Establish Planning
Review & input ,~~ 1" *|  Assumptions
E ¥
] { A
- b e - Develop
i 5 Candidate Plans
- : ) 4
E_ _______ . Select
: Finalist Pians
: ¥
b o Multi-attribute
E Analysis on Finalist Plans
X ¥
i - “
L . Select IRP
J Preferred Pian
s /
C N Formulate
f Action Plans
:
s L 4
i ______ Finalize and Submit
IRP Report
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3.2 HELCO IRP-98
ORGANIZATION

Figure 3-2 illustrates the corporate
organizational structure for the HELCO
IRP-98 process. It aiso indicates the
relationship of the IRP Advisory Group to
the overall organization.

3.3 PUBLIC PARTICIPATION

3.3.1 IRP Advisory Group

An IRP Advisory Group, comprised of
representatives  from state and county
agencies, environmental, cultural, business
and community interest groups, as well as

other interested individuals, served to
provide HELCO with a diverse set of
opinions and perspectives for consideration
in the development of its IRP plan. HELCO
made extensive effort to keep its IRP
Advisory Group educated, informed and
involved, by scheduling meetings at major
points throughout the IRP process, as weil
as through written correspondence and
informal discussions with HELCO staff.
The subject matter discussed at the meetings
covered all aspects of the IRP process,
including: forecasting, development and
screening of demand-side and supply-side
options, renewables and the integration
analysis.

While HELCO welcomed the feedback it
received from the Advisory Group

Figure 3-2: Corporate Organizational Structure for HELCO IRP-98
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members, and took their input into
consideration in the process and analyses, it
was not always possible to incorporate all
suggestions due to competing objectives and
other constraints.”

Copies of the Advisory Group roster,
meeting  agendas, and all  written
correspondence are included in Appendices
Cand D. Transcripts of the meetings were
taken and are available for review upon
request.

3.3.2 Public Meeting

HELCO will hold a public meeting upon
seiection of the IRP preferred plan, to
inform the public of the IRP preferred plan
and receive feedback. Significant feedback
will be provided to the Commission.

3.4 INTEGRATION METHODS
AND MODELS

3.4.1 PROSCREEN II Corporate
Strategic Planning System

The PROSCREEN II model was used to
evaluate DSM and supply-side options,
generate resource plans, determine the
timing of generating unit additions,
calculate plan generation and DSM costs
and quantify other plan attributes.
Documentation for the PROSCREEN I
model was included in the IRP-93
Integration Report™. New Energy
Associates, the vendor of PROSCREEN 11,
has made significant improvements to the
model subsequent to IRP-93, including:
s Capability to model HELCOs
generation capacity addition criteria - In

* Section 1ILE.].c of the IRP Framework states
that "The utility shall consider the input of each
advisory group; but the utility is not bound to
foliow the advice of any advisory group.”

* October 1993 HELCO IRP Integration Report,
Appendix B, pp. B-5 to B-9.

the IRP-93 integration analysis,
PROSCREEN Il added generating units
to meet a minimum reserve margin of
27%. Timing of unit additions
according to the HELCO capacity
addition criteria was later determined
for the IRP-93 preferred plan outside of
the PROSCREEN II model.

«  Capability to model four load points for
thermal generating units, and a
corresponding four-segment
approximation of the unit heat rate
curve - Previously, PROSCREEN I
could only model two segments
(minimum/maximum load points) for
thermal units,

HELCO has made several changes in

modeling its generating system in

PROSCREEN II between IRP-93 and IRP-

98:

«  Generating unit capacities were changed
from gross MW to capacities net of
generating unit auxiliaries. This is an
improvement from IRP-93, where gross
unit capacities were adjusted to account
for differences in auxiliary loads
between different types of units.

-  Forecasted system peaks were similarly
changed from gross values to values net
of generation auxiliary loads

« As discussed further in Section 6, the
DSView module of PROSCREEN 1],
rather than the COMPASS model used
in IRP-93, was used in the development
of IDSM cost and impact data

» In IRP-93, PROSCREEN II study
period costs included an infinite end-
effects period following the 20-year IRP
planning period. The end-effects logic
in the Proview module of PROSCREEN
I calculates capacity and production
costs for a specified number of vears
following the 20-year planning period.
By extending the period over which unit
additions are evaluated, the production
cost benefits over the lifetime of highly
efficient, vet capital intensive units will
be accounted for. It should be realized,
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however, that evaluating plans over
such an extended period tends to dilute
differences in  sometimes significant
near-term costs. Moreover, the end-
effects caiculation and resulting study
period optimization are highly sensitive
to the assumptions made for the
escalation of costs. This is especially
true with regard to fuel costs, which
typically comprise about 40 percent of
PROSCREEN 11 plan cOsts.
Historically, fuel costs fluctuate with no
discernable pattern.  This makes it
difficult to accurately forecast what fuel
prices will be even in the next few
years, and any attempt at a forecast
more than 20 vears into the future is
highly speculative.

In the end-effects period calculations:

+ System load and sales {(and DSM
peak and energy impacts) are held
constant at the 20® year values.

«  No unit retirements occur during the
end-effects period.

« New units added during the
planning period are assumed
replaced in kind at the end of their
service lives, Capital costs are
escalated at an annual rate of 3.4%
(same as the capital escalation rate
during the planning period).

- All fuel costs, fixed and variable
O&M costs, purchased power costs
and externality costs are escalated at
34% per vyear (same as the
escalation assumed in the last vear
of the planning period).  The
present value of the escalated
production costs over the end-
effects period are then levelized.
The levelized costs are then used to
perform a single economic dispatch
of the generating units to meet the
system load in the last year of the
planning period.

»  Utility DSM expenses and DSM
customer costs, which typically
vary by year, are escalated at 3.4%

3.4

from the costs in the last year of the
planning period.

The infinite end-effects period modeled
in IRP-93 was reduced to a 30-vear end-
effects period in IRP-98. The 30-year
period was considered reasonable as it
equals the expected service life of a
supply-side unit added in the last year
of the planning period. This change
was made such that end-effects costs do
not  comprise an  unreasonable
proportion of the total present value of
study period plan costs.

3.4.2 Attribute Analysis Methods

In IRP-93, HELCO used a muit-attribute
method (MAA) in the process of selecting
its preferred IRP plan. The IRP-93 method,
used by HECO and MECQO in their first
IRPs as well, invoilved weighting various
plan attributes by relative level of
importance from different perspectives
{utility, customer, societal). The resulting
weights were then multiplied by the
quantified plan attributes and summed to
produce a plan score. HECO and HELCO
received a number of criticisms in IRP-93
regarding this multi-attribute method:

-  GASCO's position was that:  "The
muiti-attribute analysis, as applied by
HELCO, ‘does not provide a logical nor
a rransparent framework for the
comparison of alternative  resource
plans.”  Without substantial revision it
cannot be deemed truly useful and
should be abandoned  Anmy revisions
must address existing problems of
overlapping attribute categories, double
counting, anribute definition and
scaling. "

« The CA summarized the shoricomings
of the method identified by both
GASCO and the CA as: (1) ithe
assignment of weights 1o the anribute
categories is not based upon sound

® (Docket No. 7259, GASCO OB, p. 22)
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evidence or analysis; (7) HELCO uses a
scoring method that is not appropriate;
and (3} several non-guantified external
costs and benefits are not ioken into
consideration."’

in the development of its second IRP,
HECO attempted to refine the IRP-93 MAA
method in consideration of the deficiencies
identified above, However, HECO found
that the problems of double-counting and
scaling could not be rectified within a
similar ranking and weighting type of
methodology. HECO also found it
infeasible to pursue an alternative method
suggested by GASCO which involved direct
monetization of externalities because (1) it
would require intensive effort, time and
expenses to determine the monetary value
of certain attributes and (2) it is simply not
possible to assign dollar values to certain
societal and cultural attributes, HECO also
explored other alternative methods, but
found that each had its own inherent
problems.

HECO finally arrived at a method which

directly compared individual attributes

across the finalist plans. This method

provides a clearer understanding of how

well a resource plan satisfies IRP objectives

relative to other alternatives. HELCO chose

to adopt HECO's direct-comparison method

which:

» Quantifies atiributes to the extent
possible

+ Evaluates all other attributes on a
qualitative basis

- Compares attribute values across finalist
plans, noting similarities and examining
the cause for significant differences

»  Determines specific trade-offs between
attributes that are made in the selection
of one resource plan over another

When HELCO presented its proposal for
attribute  analysis  (i.e., the direct-

7 (Docket No. 7259, CA OB, p. 63)

3.5

comparison method) at the December 16,
1997 Advisory Group mesting, members
were given an opportunity to present
alternate  methods. One  member,
representing the Division of Consumer
Advocacy, presented a method similar to
that used in IRP-93 but which used a
comparison matrix for determining weights.
Another  member, representing  the
Department  of  Business, Economic
Development, and Tourism (DBEDT),
presented a method for scaling the attribute
data. Upon review and discussion of the
various methods, the Advisory Group voted
to utilize a -rank-and-weight method in
addition to HELCO’s proposed direct-
comparison method, to assist in their
understanding of the atribute trade-offs.
This rank-and-weight method was similar to
that used in IRP-93 but incorporated the
suggestions proposed by the two Advisory
Group  members  regarding  weight-
determination and scaling, HELCO
informed the Advisory Group that it could
not endorse the rank-and-weight method as
the preferred method for multi-attribute
analysis.  The rank-and-weight method
proposed by the Advisory Group improved
upon the method used in IRP-93; however,
it did not rectify the problems of double-
counting and scaling. HELCO’s position
was that it believed that the direct-
comparison method was a better approach
for analyzing both guantitative and
qualitative attributes simultaneously. 1In
addition, the direct-comparison method
allowed one to focus on the attributes
themselves rather than the numerical
complexities of the rank-and-weight method
- Le., scaling, double-counting and implicit
monetization,

Nevertheless, HELCO recognized the desire
of the Advisory Group io utilize the rank-
and-weight method and agreed to help
facilitate the development and application
of an Advisory Group rank-and-weight
method. At a March 1997 Advisory Group
meeting, two exercises were conducted --
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one to select attributes and the other to
determine the corresponding weights for the
selected attributes. First, members were
given a list of attributes from which to
choose from. This list of attributes had been
explained and established at a previous
Advisory Group meeting. Four of the 37
attributes were marked with a “C,” meaning
that those attributes did not change, or
remained constant, between plans. Ten of
the 37 attributes were marked with a “Q.”
These attributes contained qualitative
measures and therefore did not lend
themselves to a quantitative analysis.
However, in the next Advisory Group
meeting, members would be presented with
the results of their rank-and-weight exercise
and would then be given a chance to speak
to each of the qualitative atiributes.
Advisory Group members then used the
form shown in Table 3-1 as a ballot to select
eight attributes, not including those marked
with a “C” or a “Q.” Since there was a tie
in the number of votes received for certain
attributes, ten attributes were ultimately
retained for use in the rank-and-weight tool.
The attributes which were selected are
shown in italics.

Next, Advisory Group members were
provided with matrices, as shown in Figure
3-3, to determine weighting factors. As
mentioned  earlier, this method of
determining weights had been proposed by a
member of the Advisory Group. The
members’ individual weight sets were then
combined to arrive at an “Advisory Group
weight set.”  Members reviewed this
“Advisory Group weight set” and agreed
that it was acceptable. The Advisory Group
weight set is shown in Table 3-2.

The appropriate attribute data was compiled
for the Finalist Plans, then scaled according
to the method proposed by DBEDT.
Although some of the plan scores that
resulted from application of the AG’s MAA
were very close, the Finalist Plans were
ranked from one to thirteen, with the

3-6

number-one ranked plan (Plan K3) being the
most desirable according to the Advisory
Group’s selected weights. The attribute
data, as well as the results of the Advisory
Group’s rank-and-weight exercise, are
shown in Table 3-3. Note that Plans K3 and
K5 assumed the low capital cost estimates
for PV and geothermal. An analysis was
also done using the high capital cost
estimates for PV and geothermal. The
results of this analysis, as shown in the
shaded columns of Table 3-3, moved the
geothermal plan, K5, from rank 4 to rank 7.

.
e
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Table 3-1. IRP-98 Attributes
{Q=qualitative, C=constant between plans; attributes in italics selected for AG multi-attribute tool)
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HELCO IRP-98 Section 3: IRP Process, Methods and Models

E Table 3-2. Advisory Group’s weighting factors for use in the muiti-attribute tool

e Attribute Weight
. Increase DSM penetration 19.4
i Increase energy from indigenous and renewable resources 19.0
= Reduce total resource cost 14.4
. Reduce rate shock 13.5
o Reduce total PM emissions of plan 62
Reduce total NOx emissions of plan 5.9
Reduce total CO emissions of plan 5.5
Reduce total SOx emissions of plan 5.5
Reduce total CO2 emissions of plan 5.4
Reduce total VOC emissions of plan 5.1
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HELCO IRP-98

Section 4: Planning Assumptions

4.1 SALES AND PEAK FORECAST

4.1.1 Existing Customer Base

In 1997, HELCO had total energy sales of

approximately 894 GWh and 59,744

customer accounts. HELCO’s six major

customer classes include:

«  residential service,

- large power,

» commercial cooking, heating, air
conditioning and refrigeration,

»  general service - demand,

. general service and

«  street lighting,

4.1.2 Base Forecast

4.1.2.1 Background

HELCO prepared the 1997-2002 short-term
forecast as scheduled in late 1996. This
short-term forecast was adopted by the
Forecast Planning Committee (FPC) on
January 17, 1997. A long-term forecast
covering the period 1997-2017 was
scheduled to be completed in late 1997 and
used as the basis for the IRP filing in late
1998. Because the January 1997 forecast
was still reasonable, HELCO extended the
short-term forecast process into a long-term
forecast covering the period 1997-2017.
This forecast, adopted on September 11,
1097, serves as the base forecast for IRP-98.
A copy of the Executive Summary of the
September 11, 1997 forecast report is
provided in Appendix E.

HELCO’s long-term sales and peaks
(excluding future DSM programs and
including 1996 acquired DSM and Hawaii
Model Energy Code impacts) are expected
to increase at an average of 2.2 percent per
vear between 1996 and 2017,

4-1

4,1.2.2 Economic Outlook for Base
Forecast

The forecast, shown in Appendix E, is based
on the results of HECO’s economic model
for the County of Hawaii. The forecast
projects the Hawaii County visitor census to
grow an average of 4.1 percent annually as
the length of stay decreases from 6.4 days in
1995 10 6.3 days in 2017. Projected visitor
census growth over the period 1997-2017 is
98%. Real personal income increases 2.7
percent per year on average. Projected real
personal income increases 72% over the
period 1997-2017. Furthermore, the
county’s resident population is expected to
increase at an average annual rate of 1.4

‘percent. Resident population i projected to

increase a total of 33% over the period
1997-2017.

The economic forecast includes the impact
of the direct flights from Japan to Kona.
These flights began in June 1996. The
closure of the Ka’u Sugar Plantation in
March 1996 marked the end of sugar’s long
history with Hawaii County. However, the
employment and personal income impact on
the island is assumed to be offset somewhat
by growth in diversified agriculture over the
long term.

As illustrated in Figure 4-1, the September
1997 peak forecast is lower than the March
1994 forecast which was the basis for
HELCO’s IRP-93 Re-assessment.  The
March 1994 forecast does not include full-
scale DSM, Hawaii Model Energy Code
(HMEC) or rate rider impacts. The
September 1997 forecast includes HMEC,
DSM acquired through 1996 and rate rider
impacts. Table 4-1 provides details of the
peak forecast comparison. The primary
reason for the difference in the 1994 and
1997 peak forecasts is the lower economic
outlook for the County.
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Table 4-1. Peak Load Forecast Comparison (Gross MW) - September 1997 vs March 1994

Sept 1997 Sept 1997 March 1994
Sept 1997 Forecast Forecast Forecast Forevast
High Case Low Case Base Case Base Case Peak Load
(Gross MW) {Gross MW) {Gross MW) {Gross MW) Difference »
Year (A) (B) © (D) (ECr D) =
1997 172.9 165.9 168.9} 179.0 -10.1 £
1998 177.7 167.3 171.6} . 184.0 -12.4
1999 181.6 167.9 1734 _ 190.0 -16.6
2000 187.50 163.3 175.1 196.0 -20.9 %
2001 193.4 168.9 177.9 202.0 -24.1
2002 2002 170.3 181.6 207.0 -35.4
2003 ¢ 208.1 1721 185.6 212.0 ~26.4
2004 216.3 173.9 189.61 217.0 ~27.4
2005 ' 224.8 175.7 193.8 2230 -29.2
2006 233.7 178.5 198.7 229.0 -30.3
2687 2429 181.3 203.7 235.0 -31.3
2008 252.4 “184.1 2089 241.0 -32.1
2009 262.4 187.0 2141 2470 -32.9
2010 2741 151.4 2209 253.0 -32.1
2011 284.91 195.2 226.8 259.0 -32.2
2012 296.1 199.0 232.7 266.0 -33.3
2013 307.6 202.8 23R.9 273.0 -34.1
2014 319.6 206.8 2452 280.0 -34.8
2015 | 3320 210.7 251.6 - -
2016 343.8 214.5 2584 . -
2017 3559 2183 265 4 B -
Figure 4-1: Comparison of 1994 and 1997 Base Peak Forecasts §

375

a
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System Peak {Gross MW)
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Section 4. Planning Assumptions

4.1.2.3 Demand Side Management

Both the March 1994 and September 1997
forecasts include the impact of pilot DSM
programs. The September 1997 forecast is
the basis for this IRP and includes HMEC
impacts and 1996 acquired DSM impacts,
but excludes future DSM. DSM impacts
assurned in IRP-98 are provided in Section
6.

4.1.2.4 Historical Data and Forecast
Methods

Adjustments were made to the historical
sales data for Schedules G and P. These
adjustments account for the transfers of
customers between Schedules G and P and
the sales impact of large customer additions
as they came on line. Adjustments were
then made to the forecasted sales derived
from the econometric and trended models
by rate schedule in order to appropriately
reflect the customers actually expected to be
on line in each rate schedule.

The data used in the short-term statistical
trending models were not adjusted for
weather as it is assumed that, for the long
period of data being used, average weather
patterns resemble normal weather,

This forecast continues the wuse of
econometric models for each of the major
commercial rate schedules.

The Residential End Use Energy Planning
System (REEPS) and Commercial End-Use
Forecasting Model (COMMEND) are
empioyed in determining the residential
sales forecast and the Hawaii Model Energy
Code impacts for the commercial sales
forecast.  End-use models basically use
market share (appliance/equipment
saturations), technology characteristics and
energy use to calcuiate energy consumed.
Exogenous variables drive the forecast to
project energy that will be consumed in
future years.

HELCO’s Customer Service and Marketing
staff also provide base scenario short-term
forecasts. In general, because of the
experience and breadth of Jocal knowledge
possessed by HELCO staff, the adopted
forecast relies upon their estimates for
short-term sales. With the exception of the
Schedule R forecast, which is entirely
derived from the REEPS model, the long
term forecast is derived by applying
econometric projections for growth to the
last year of Customer Service or Marketing
estimates. This combination of the short-
term detailed studies and the long-term
perspective is a reasonable method for
projecting sales over the twenty-year
horizon.

4.1.2.5 Residential Sales Forgcast

The REEPS model was initially
implemented in HELCO’s March 1994
forecast. REEPS is an end use model which
examines residential energy consumption at
the appliance, or end use level.

The REEPS model requires a large amount
of end use data. A significant portion of the
required information was derived from the
resuits of the 1994 residential survey and
Conditional Demand Analysis (CDA). This
survey provided the base vear (1994)
appliance saturation and marginal saturation
data.  The survey was also used to
determine household size and lighting
technology profiles. HELCO conducted a
residential appliance survey in 1996
however, the results were not available in
time for this latest forecast.

HELCO’s  appliance  emergy  usage
information, or unit energy consumption
(UEC), was derived from the 1994 CDA.
These UEC’s were developed through an
extensive analysis of customer appliance
saturations and the associated billing data.
These appliance usage rates were based on
HELCO’s specific  household income,
household size, and electricity price levels.
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The water heater provisions of the proposed
HMEC are eguivalent to the Federal
residential appliance efficiency standards.
The additional impact of the proposed
HMEC above the REEPS model resuits is
minimal.

4.1.2.6 Commercial Rate Schedules

For its long term forecast of commercial
sector sales, HELCO relied upon an
econometric  equation  that combines
Schedules G, H and P. Combining the rate
schedules in this manner removes the
impact of transfers of customers among the

three commercial rate schedules. Since a
projection by rate schedules is still
necessary for revenue estimates, the

following procedure was used to allocate
the commercial sales forecast into the
individual rates:

1. HELCO’s Customer Service and
Marketing Department developed the
Schedule H forecast (see discussion
below), which was subtracted from the
total commercial sales projection.

2. The forecasted Schedule P sales
(developed by HELCO’s Customer
Service and Marketing Department and
extended by the econometric model for
rate Schedule P} were subtracted from
the total commercial sales projection.

The remaining portion represents the
Scheduie G econometric forecast.

Lad

Schedule H - Commercial Cooking and
Heating Service: The short-term Customer
Service forecast for Schedule H was
adopted because it takes into account a more
detailed look at customers and their
electricity usage than the alternative
methods. Due to the rate restructuring of
Schedule J (combined with Schedule G for
forecast purposes), new customers are
finding that it is more advantageous to
initiate service as a Schedule J customer

4-4

than as a Schedule H customer. Future
schedule H sales are heid constant to reflect
expected stabilization in sales.

Schedule F - Street Light Service: Street
lighting sales have been growing at a rate of
1.8 percent over the past three years. This
growth in Schedule F sales is consistent
with the additions of newer residential
subdivisions and roads in the County. The
1.8 percent growth is extended into the
future to forecast Schedule F Sales.

4.1.2.7 System Peaks

HELCO’s peak forecast for the 1997 to
2017 period was prepared using the Hourly
Electric Load Model (HELM) program.
HELM produces a system load profile by
summing the estimated aggregate load
profiles of customers in each of HELCO’s
five rate schedules: R, G, H, P and F. The
rate schedule aggregate load profiles were
derived using customer load data from
HELCO’s 1993-94 Class Load Study.
HELM then uses the energy forecast for
each rate schedule to adjust the reference
load profiles for each year of the forecast.
HELCO’s system load profile is equal to the
sum of the adjusted class load profiles, and
the system peak is the maximum point on
the system profiie.

Adjustments were applied to the sales and
peak forecasts to accommodate the effects
of load management riders (Rider M
impacts), 1996 acquired DSM efficiency
programs, and the Hawaii Model Energy
Code.
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Table 4-2. Comparison of Base, Low and High Net

Peak Forecasts
“Nept 1997 Sept 15797 Sept 1907

Forecast Forecast Forecast

Base Case Low Case High Case
Year (Net MW} (Net MW) {Net MW}
507 1833 “To0.3 1672
TU5E 1660 16TE /TS
TO0% 1677 624 1758
25R 1653 1628 1§:3 I
ST T 1633 1870
pIilin) 1736 T63.7 1975
i) 1793 665 2013
04 135 T68.2 L]l
0 1874 T65Y 173
2008 1927 728 7260
2007 T 197D 1753 2333
2008 2620 78T 43T
pIIY ity Ke) “T803E YLK
Pl 7138 T851 PN
7011 TV TEE% P
T 5T 3 piTY!
i) ! 7370 1962 mTE
Pl e T 051
piiTE) 7133 TOTE kvANI
TS TR 073 1323
Y LN T .13

4.1.3 High and Low Ferecasts

For IRP sensitivity analyses, HELCO
developed two scenarios in addition to the
base scenaric adopted by the Forecast
Planning Committee (FPC). The FPC
adopted the low and high scenarios on
September 26, 1997. In the low scenario,
sales grow at an average rate of 1.4% to
1,119.2 GWh in 2017. The peaks in this
scenario grow at an average rate of 1.3% to
211.1 MW in 2017. In the high scenario,
sales grow at an average rate of 3.6% to
1,816.1 GWh in 2017, and peaks grow at an
average rate of 3.6% to 344.2 MW in 2017,
In the base scenario sales grow at an
average rate of 2.2% to 1,371.1 GWh in
2017, and peaks grow 2.2% annually to
256.7 MW. The September 1997 high and
low peak forecasts are shown in Figure 4-2,
with details provided in Table 4-2.

4.1.3.1 Ecenomic Assumptions for
High and Low Forecasts

The low scenario projects the Hawaii
County visitor census to grow an average of

Figure 4-2. Comparison of Base, Low and High Net Peak Forecasts

I50 e D U PE SRR

14+ 20 AUV SEIPU TR U R _

o2 I U

150

System Peak (Net MW)

100

i
i
7
-
v
+
i
+
b
hd
i
b
i
i

50

e b e

L]

141 R

Sept '97 Low

1997
1948 .

1898 |

2000
2001

2002

2003
2004

2005

2006

M~ O L v N Y W W
P T . S S S L~ o vl vl 4
OQC’DQQOQQ@Q
NNNNNNNNNNN

4.5




HELCO IRP-98

Section 4: Planning Assumptions

3.3% percent annually as the length of stay
decreases from 6.34 days in 1995 to 5.94
days in 2017. Projected visitor census
growth over the period 1997-2017 is 62%.
Real personal income increases 1.7% per
year on average. From 1997 to 2017,
projected real personal income growth is
41%. Furthermore, the county’s resident
population is expected to increase at an
average annual rate of 0.9%. Over the
twenty year period 1997-2017, resident
population growth averages 21%.

The high scenario projects the Hawaii
County visitor census to grow an average of
4.5% percent annually as the length of stay
increases from 6.34 days in 1995 to 6.65
days in 2017. Visitor census growth over
the period 1997-2017 is 140%. Real
personal income increases 4.1% per year on
average. From 1997 to 2017, projected real
personal  income growth is  122%.
Furthermore, the county’s resident
population is expected to increase at an
average annual rate of 2.3%. Over the
twenty year period - 1997-2017, resident
population growth averages 59%.

4.1.3.2 Other Electricity Price
Assumptions for High and Low
Forecasts

Electricity Price; HELCO also evaluated
the effect of changes in the price of
electricity on the forecast. For the low
scenario, electricity prices were assumed
higher due to higher fuel prices. The high
scenario assumed fower fuel prices. In
addition, the price elasticity in the
commercial sales econometric model was
doubled in the low scenario and halved in
the high scenario to reflect the uncertainty
inherent in the estimates of price-based
consumer behavior,

Hawaii Model Energv Code (HMECY:
Impacts of the HMEC are forecasted to
begin in 1998. Compliance with prescribed

energy efficient measures of the HMEC
lowers forecasted sales and peaks. The
uncertainty associated with HMEC impacts
is incorporated by doubling the base level
impact for the low scenario, and halving the
base level impact in the high scenario.

Residential Appliance Efficiency Standards:
In the residential low scenarioc forecast,

certain appliance efficiency improvements
in the REEPS model were accelerated.
Higher efficiencies result in a lower sales
forecast. These appliances include freezers,
central air conditioners, room  air
conditioners, water heaters and dishwashers,
Additionally, the low scenaric assumes that
an efficient refrigerator is available on the
market with an efficiency rating of ER18.

There were no adjustments made to the
appliance efficiencies for the residential
high scenario. Thus, the appliance
efficiencies in the high scenario are the
same as the base scenario.

Residential Air Conditioning Saturations:
The high scenario assumes that more new
homes own air conditioners.

Electric Vehicles (EV): In the commercial
sector, the high scenario assumes 3300 EVs
in the year 2017. The estimated GWh
impact is assumed to be an addition to
Schedule P for the years 2000-2017.

4.1.4 June 1998 Short-term Forecast

A short-termm HELCO sales and peak
forecast was issued on June 9, 1998. The
forecast covers the period 1999-2003. Sales
by rate schedule was adjusted in the June
1998 forecast, but total system sales and
peak remained the same as forecast in the
September 1997 20-year forecast used as
the basis for the IRP-98 analyses.

¢
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4.1.5 Forecast Sensitivities

A summary of the differences between the
scenarios broken down by exogenous
variables and sector (residential or
commercial) is presented in Table 4-3. The
sales impact was derived by varying each
variable separately between its high and low
scenario  values and re-running the
econometric and end use meodels. Each
resulting sales forecast was compared to the
base sales forecast for 2015, The difference
represents the impact of that variable on the
sales forecast,

For example, in the high scenario, higher

economic variables were input into the
residential and commercial models. These
included higher population and higher
income. . Residential sales increased by
109.6 GWh due to the higher economic
variables used. Commercial sales increased
by 218.6 GWh due to the higher economic
variables -used. For the electricity price
impact, lower prices (which result in higher
sales) were input into the residential and
commercial models. The impact was 4.9
GWh and 2.7 GWh on residential and
commercial sales forecasts, respectively.

The sum of all impacts from changes in
these variables explains a majority of the
differences  between the  alternative
scenarios and the base scenario. This
analysis helps to determine the magnitude
of the impact that each variable has on the
forecast.

As shown by Table 4-3, the forecast is
particularly sensitive to the economic
assumptions underlying the forecast. The

“combination of resident population, visitor

census and personal income growth rates
are the primary drivers of electricity
consumption and demand. The forecast is
more than ten times less sensitive to
electricity prices - the second key
assumption.

Fable 4-3. Sales Sensitivity

Comm

2015 - High Scenare Res Total
Economy 109.6 218.6 3282
Electricity Prices 49 2.7 7.6
HMEC 53 53
Res Efficiencies 00
Res A/C 32 32
Elec Vehicles 6.8 6.8
Price Elasticity L2 12
Totat 1A 234.6 3523
Actual Difference 1438 251.5 3954
26115 - Low Scenario Res Comm | Total
Economy -50.91 -124.6 «175.5
Electricity Prices -8.1 5.2 -i33
THMEC -H0.6 -10.6
Res Efficiencies _ 0.0
Res AIC 32 82
Elec Vebicles 0.0
Price Elasticity 0.6 -0.6
Total 672 -141 -208.2
Actual Difference -83 -115.8 -19%.8

4-7
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4.2 FUEL PRICE FORECAST

The IRP-98 analysis is based on the May
22, 1995 Fuel Price Forecast, which projects
medium suifur fuel oil (MSFO), No. 2
diesel and coal prices for the period 1993-
2020 (1995-2015 for coal). The escalation
in the fuel price forecast is based on the
U.S. Department of Energy's forecast of
inflation (Gross Domestic Product Implicit
Price Deflator (GDPIPD)) and on a forecast
for real fuel price changes over and above
that of the GDPIPD. Fuel prices for
HELCO include barge freight from Oahu,
terminalling fees and trucking to the power
plants.  Development of forecasts for
MSFO, diesel and coal prices are discussed
below. High, low and reference case
forecasts are provided in Appendix F.

MSFO - The medium (2%) sulfur fuel oil
{(MSFO) forecast for 1995 was based on Los
Angeles Bunker C Fuel Oil prices. This
1995 forecasted price was then escalated by
the average annual escalation of long-term
price  forecasts produced by other
organizations:

« U.S. Department of Energy

«  California Energy Commission
« DRUVElectric Power Research Institute
(EPR])
« American (Gas Association
»  Gas Research Institute
«  WEFA
DRI/EPRI and the U.S. Department of
Energy also publish low and high forecasts
in addition to reference price forecasts. For
the period 1995-2010, these two forecasts
were used as the basis for the development
of the low and high case MSFO price
forecasts in relation to the reference case.
After 2010, when the U.S. Department of
Energy forecast ends, the low and high
MSFO prices are based on the DRI/EPRI
forecast only. This is the reason for the
slight discontinuity in the high and low
forecasts in 2010. The May 1995 reference,
low and high MSFO price forecasts are
shown in Figure 4-3, along with historical
averages from 1986.

Diesel - The No. 2 diesel price forecast for
1995 was based on historical Pacific
Northwest No. 2 diesel prices. Similar to
development of the long-term MSFO
forecast, the 1995 forecasted diesel price
was escalated by the average annual

Figure 4-3. May 1995 MSFO Price Forecast vs. Actual
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Figure 4-4: May 1995 Diesel Price Forecast vs. Actual
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increase of other long-term diesel price
forecasts. The low and high diesel price
forecasts were developed through an
identical process as described above for
MSFO. The May 1995 reference, low and
high diesel price forecasts, as well as
historical average prices from 1986, are
ilhustrated in Figure 4-4.

Coal - The coal price forecast is based on
Indonesian . low sulfur coal, or coal of
similar quality. The forecasted prices are
based on the 1988 coal supply contract price
between AES and PT Kaltim Prima Coal, a
mining consortium operating the source
mine in Indonesia. The 1988 AES coal
price was escalated to a 1993 market price
by using historical import values of coal
obtained from Australia, the dominant
regional producer of low sulfur coals. This
surrogate for the 1993 market price for low
sulfur coal imported to Hawaii was then
escalated to produce a forecast for the
period 1995-2015 using the annual
percentage change of Japan import coal
prices forecast by the International Energy
Agency.

4.2.1.1 Comparison of May 1995
Forecast to August 1992 Forecast

Figure 4-5 compares the August 1992 base
MSFO, diesel and coal price forecasts used
in IRP-93 against the May 1995 base
forecasts used in the current IRP. Actual

annual average fuel prices from 1986

through June 1998 are also provided as a
