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APPENDIX DM-1

PUNAMANO GOL¥ COURSES

INTRODUCTION

This Appendix presents our findings regarding soil conditions for the
proposed development of three l8-hole golf courses in the vicinity of Kahuku
on the North Shore of Oahu. The approximate location of the site is shown on
the Map of Area, Plate P-1,

This repert addressed the following:
a. Site Conditions
b. Geology

c. Soil Classifications
d. Anticipated impacts and mitigative measures.

SITE CONDITIONS

The site exhibits varying terrain, consisting of relatively flat-lying
outwash alluvial plains and marginal coastal plains with elevations ranging
from 10-25 feet above mean sea level (MSL) to low=lying foothills associated
with the northern extension of the Koolan volcanic range with elevations
ranging from 75-280 feet above MSL. Surface slopes range from flat (1 to
5 percent) over most of the makai portion of the site along Kamehameha Highway
to moderately steep (5 to 20 percent) over much of the mauka area and along a
portion of the eastern boundary. Steepest slopes occur around isolated peaks,
escarpments, and along the margins of gulches where slopes can exceed
30 percent. The southwestern area is dominated by steep hillsides and
isolated peaks that are marginal to Hoolapa Gulch. The northeastern boundary
is marked by a very steep to near vertical escarpment that forms a prominant
wedge-shaped flat-topped ridge or knoll with isolated depression features
mauka of Ramehameha Highway. The southeastern region has a hummocky to
slightly undulating topography with minor gulches and ridges that either
intersect or make up the broad outwash basin of the Kalaeokahipa Gulch.

Slopes are predominantly moderate in this region, except for the steep
marginal slopes along Kalaeokahipa Gulch. Isolated semi-circular, small
depressions, ranging from less than 100 feet to more than 600 feet in maximum
linear dimension occur along the eastern margin of the site and within the
Kalaeokahipa Gulch. These topographic features are confined to consolidated
calcareous sand dune deposits and associated silty clayey soils. Their
morphology is commonly funnel-shaped with a subterranean drainage system.

They may be associated with a karst-like topography that develops primarily in
calcareous deposits.
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GEOLOGY

REGIONAL GEOLOGY

The Koolau volcano forms the eastern two-thirds of Oahu, and is the
erosional remnant of a deeply dissected large-volume tholeiitic lava-shield in
an oceanic intraplate tectonic environment.

Extinct and eroded shield volcanoes characteristically have dike
complexes, these being regarded as the surface equivalent of the active rift
zones. The regional rock types include gently-dipping, thin-bedded a'a and
pahoehoe flows cut by numerous narrow, near-vertical dikes of similar basaltic
material,

The site is located along the northernmost (windward) side the Koolau lava
shield, adjacent to the bordering coastal plain (Plate P~l), Near Kahuku
Point, the trend of the main dike complex changes to a more northly direction,
reaching the sea at Kawela Bay. The rocks associated with the lava dome in
this region are chiefly thin-bedded a'a~-type tholeiitic (primative) basalts
with minor amounts of interstratified pahoehoe and little or no pyroclastic
ash deposits. This part of the dome is less deeply eroded than the
southeastern portion near Kaneohe and Railua {e.g. the Pali cliffline along
windward Oahu), with the exception of long, meandering, narrow valleys
(gulches) and cliffs near the shore.

Quarternary pyroclastic ash eruptions are not found in the northwestern
region of the Koolau Volcano (Sterns, 1966). At Kahuku Point, beds of reef
limestone are intercalated with other non-marine (terrigencus) sediments
indicating the complexity of the geologic historic in this region. The
occurrence of consolidated ancient wind blown eolian (dune) deposits at
elevations qreater than 200 feet above mean sea level (MSL) have added to the
complexity of the geology in this area.

SITE GEOLOGY

The Punamano site is located less than one mile north-northeast (windward
side) of the main northwest dike~complex (refer to Plate P-1). It is presumed
that during the shield building stages that the dikes associated with the
active rift zone feed basaltic lava flows that flowed seaward to the flanks in
a direction generally at right angles to the dike-complex. This is
substantiated by the general dip of the lava flows at 8°-10° to the northeast
in the upland areas directly south of the site.

Based on previous findings (Stearns and Vaksvik, 1938; Stearns and
Macdonald, 1940; Stearns, 1966), aerial photo interpretation, and our geologic
investigation, we have identified four major categories of surfacial geologic
features. They are: unconsolidated noncalcareous to slightly calcareous
alluvial deposits; unconsolidated calcareous talus deposits; consolidated
thin-bedded and cross-bedded to planar-bedded ancient, calcareous, eolian
(dune) deposits; and the Roolau Volcanic Series, which includes vesicular to
poorly vesicular porphyritic a'a-type basalt flows along with minor amounts of
thinly bedded pahoehoe lava flows and narrow, near-vertical intrusive dike
rock composed of gimilar basaltic material.
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Basaltic lava of the Roolau Volcanic Series and associated alluvium and
colluvium forms the bulk of the material along the south-southwest one-half to
two-thirds of the site. Terrestrial sedimentary deposits (i.e., consolidated
calcareous) and eolian (wind~blown) sandstone deposits dominate the
northeastern boundary and occur along isolated portions of the Kalaeokahipa
Gulch. A majority of the unconsolidated noncalcareous (Recent) alluvium
locally may contain abundant gravel, cobbles, and boulders of consolidated
calcareous dune sandstone material resulting in the slightly limestone nature
of these terrestrial deposits particularly along the coastal plain (lowlands)
portions of the site,

Good exposures of basaltic rock outcrops occur at upper elevations
(roughly about +200 feet MSL), particularly along the southeastern boundary of
the site. These rock outcrops become more discontinuous, fractured, and
weathered at lower elevations. Where the basaltic rocks are most highly
weathered, fractured, and jointed, a thin veneer (on the order of 2-3 feet to
as much as 6-10 feet) of gravelly, silty clay is present above less weathered
basalt. In-situ soils associated with extremely weathered basalt are
saprolitic, highly plastic, and generally expandable in nature. Saprolite
zones grade into spheroidally weathered basalt layers.,

Along much of the eastern and northeastern portions of the site calcareous
sandstone deposits containing solution pits are most abundant. In this area
and portions of the Kalaeokahipa Gulch, the topography is quite variable,
consisting of lowlying knolls, hummocks, and depression features that are
commonly associated with land surfaces common to karst topography. Calcareocus
stalactites were noted within small caves along the sandstone cliffs near the
northeastern corner of the site along Kamehameha Highway. The majority of
these features are suggestive of a karst topography that may have formed in
the calcareous sandstone rocks by dissolution of limestene by water.
Furthermore, these erosional features indicate that an underground drainage
system is also likely to be present below these deposits.

SOIL CLASSIFICATIONS - PUNAMANO GOLF OOURSES SITE

Soil Conservation Service (SCS) Classification

According to the U.S. Department of Agriculture Soil Conservation Service
(SCS), soils in the Punamano area consist of mainly clay, silty clay, coral
and basalt rock outcrops. Based on the SCS soils survey, the Punamano site is
divided into eight major categories, which are: Coral outcrop; Kaena Series;
Raloko Series; Kemoo Series; Lahaina Series; Paumalu Series; Rock Land; and
Waialua Series. Based on the SCS soils map, many of these major categories
are broken up into a number of subseries which will be discussed in the
following sections and outlined in Table 1 and shown on Plate P-2.

The Raena Series consist of poorly drained soils on alluvial fans and
talus slopes. They develop in alluvium and colluvium derived from weathered
basaltic material. They are dark grayish brown to reddish brown, s toney clay
with a fine to medium subangular blocky structure. These clays tend to have
very high plasticity and contain angular pebble-size basalt fragment which
increase in both size and content with depth.
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A brief description of the subseries soil types follows:

b.

Raena Clay, 2-6 percent slope (KaB). This soil contains few or no

stones in surface layer. On this soil, runoff is slow 2nd erosion
hazard is slight. This soil covers approximately 37 acres or
6 percent of the site,

Reana Clay, 6-12 percent slope (RaC). On this soil, runoff is slight

to moderate. This soil has few or no stones in the surface layer and
covers approximately 37 acres or 6 percent of the site.

Kaena Stoney Clay., 10~-35 percent slope (KaeC). This soil occurs on
alluvial fans and is dark reddish brown. It is moderate to well
drained, mottled, and exhibits slow permeability. On this soil,
runoff is slow to medium, and erosion hazard is slight to moderate.
This soil covers approximately 20 acres or 3 percent of the site.

Raena, Very Stoney Clay, l0-35 percent slope {RanE). This soil
occurs on steep talus slopes and alluvial fans. It contains many
stones on the surface and in the profile. On this soil, runoff is
medium to rapid, and erosion hazard is moderate to severe. This soil
covers approximately 33 acres or 6 percent of the site,

The Remoo Series consist of well-drained, dark reddish brown, silty clay
soils which are derived from weathered basaltic material that develops on
upland areas. These silty clays are well drained, have a subangular blocky
structure, and moderate to moderately rapid permeability. Both runoff and
erosion hazard are moderate. These soils have abundant calcareous fines that
are strongly effervescent with hydrogen peroxide.

.

Kemoo Silty Clav, 2-6 percent slope (KpB). On this soil, runcff is

slow to medium and the erosion hazard is slight. This soil covers
approximately 18 acres or 3 percent of the site.

Kemoo Silty Clay, 6~12 percent sloﬁe (KoC). Soil runoff is medium

and the erosion hazard is slight to moderate, This soil covers
approximately 7 acres or 1 percent of the site.

Remoo Silty Clay, 12-20 percent slope {KpoD). On this soil, runoff is

medium, and ercsion hazard is moderate. This soil occurs on
approximately 5 acres or 1 percent of the site.

Kemoo-Badland Complex, 10-70 percent slope (KPZ). These areas

consist of barren areas that have remained after the Kemoo scil was
removed by erosion. On this soil, runoff is rapid and the erosion
hazard is very severe. The Badland areas cover approximately 6 acres
or 1 percent ©f the site.

The Lahaina Series consist of well-drained, dark reddish brown silty

clay.

These s5ilty clay soils contain cobbles (of cemented calcareous dune

deposits and weathered basalts) on the surface in the upland areas, and near
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the coastal plains. They commonly contain coralline fragments {stones,
gravel, or sand). These soils show strong effervescence with hydrogen

peroxide, which is probably related to abundant fine—grained calecareous
mater ial,

a. Lahaina Silty Clay, 3-7 reent slo {LaB). This soil occurs on
smooth upland areas and locally contains considerable cobblestones of
mainly recemented and/or recrystallized calcareous dune sands {eolian
deposits), In some places, particularly along the coastal plains,
just north of Kamehameha Highway, these silty clay soils are
underlain (below 30 inches) by consolidated (beach sand) eclian dune
deposits that show varying degrees of calcite recrystallization,
Permeability is moderate, runoff is slow, and erosion hazard is
slight. This subseries make up the largest single soil type found at
the Punamano site. It covers approximately 97 acres or 16 percent of
the site,

b. Lahaina Silty Clay, 7-15 reent slo (LaC). This soil occurs on
Steep slopes where only a few cobblestones are on the surface.
Runoff is medium and erosion hazard is moderate. Those soils cover
approximately 70 acres or 12 Percent of the site.

Paumalu Series consist of well-drained, dark reddish brown silty clay
soil. These soils developed in old alluvium and colluvium derived from
weathered volcanic basalt. They have a subangular to angular blocky
structure. The substratum grades to a highly weathered clayey silty gravel
which overlies less weathered basalt, which commonly exhibits spheroidal
weather ing.

a. Paumalu Silty Clay, 3-8 rcent slo (PeB). On this soil, runoff is
slow and erosion hazard is slight. These soils cover approximately
26 acres or 4 percent of the site.

b. Paumalu Silty Clay, 8-15 percent slo (PeC). On this s0il, runoff
is slow and erosion hazard is slight. Workability is easy. These
soils cover approximately 60 acres or 10 rercent of the site.

C. Paumalu Silty Clay, 15-25% rcent slope (PeD). On thig scil, runcff
is medium and erosion hazard is moderate. The associated subsoil {up
to 5 feet thick) is a highly weathered (argillized) silty gravel
composed of saproitic basalt. Permeability is moderately rapid.
These soils cover approximately 15 acres or 2 percent of the site,

d. Paumalu Silty Clay, 40-70 percent slope (PeF). On this soil, runoff
is rapid and erosion is severe. It covers approximately 26 acres or
4 percent of the sgite.

Rock Land (rRR) consists of areas where exposed slightly to moderately
weathered basalt rock outecrops cover approximately 25 to 90 percent of the
surface. The rock land cover only approximately 2 acres (or less than
1 percent) of the study area.
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Waialua Series consist of moderately well-drained dark reddish brown stony
silty clay with a medium and coarse-grained subangular blocky structure,
These soils are very sticky with high plasticity. These soils develop in
alluvium or colluvium associated with weathered basaltic rocks.

a. Waialua Silty Clay, 0-3 percent slope (WkA). This soil consists of a
dark reddish-brown silty clay that has subangular blocky structure.
This soil occurs on smooth coastal plains where runoff is slow and
the ercsion hazard is slight. Permeability is moderate. This soil
covers approximately 1! acres or 2 percent of the site.

b. Waialua Silty Clay, 3-8 percent slope (WkB). Like the WkA soil,
runoff on this soil is slow and erosion hazard is slight. The WkB
so0il covers approximately 45 acres or 7 percent of the site (Refer to
Table 1 and Plate.P-2).

Agricultural Lands of Importance to the State of Hawaii (ALISH)

The ALISE classification system consists of jdentification of three broad
classes mapped as agricultural land based, in part, on the criteria
established by the Soil Concervation Service (SCS) sell survey, The State
Department of Agriculture classifies approximately 346 acres or 57 percent of
the Punamano Site as Prime Agricultural Land, 103 acres or 17 percent as Other
Important Agricultural Land, and 156 acres or 26 percent as land that has not
yet been classified. Based on the ALISH classification system, none of the
Punamano Site is considered as Unique Agriculture Land or Existing Urban
Development Lands (Refer to Table 2 and Plate P-3).

Detajiled Land Survey Bureau Classification (LSB)

The Land Study Burean {LSB) classifies soils by land type in which
categories are provided for an overall crop productivity rating, with and
without irrigation, and for selected crop productivity ratings for seven
crops. LSB overall ratings range from A to E, with A being the best.
Capability classifications within the Punamano site are shown on Table 3, and
soil types are shown on Plate P-4.

Land Evaluation and Site Assessment System (LESA)

The LESA Commission's findings, conclusions, and recommendations
concerning development of the State of Hawaii's "Important Agricultural Lands"
(IAL) was presented in its final report dated February 10, 1986.

This report presents a classification system by which State of Hawaii
lands were identified, and a process to review requests for a change in
designation of specific parcels from IAL to “urban" or to "other uses"™ and
vice versa,

Lands identified as "Important Agricultural Lands®™ can be reclassified by
the State or rezoned by the Counties only after meeting the criteria
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established by the State Legislature and approved by a two-thirds vote of the
body responsible for the reclassification or rezoning action.

Two categories of "agricultural lands" were established as a consequence
of implementing the LESA standards, criteria, and procedures. They are:
Important agricultural lands and other than important agricultural lands.

In checking with the Hawaii State Department of Agriculture, only
generalized maps illustrating the application of the LESA system exist at this
time. No detailed studies or maps using the LESA system have been made for
the Kahuku area.

ANTICIPATED IMPACTS AND MITIGATIVE MEASURES

Environmental Issues Related to Soils that Could Impact or Enhance Golf Courses

° Expansive soils with high shrink-swell capability (particularly those
soils associated with saprolitic basalt zone) may need to be
excavated prior to construction of building structures and service
roads.

° Approximately ten percent of the site contains soil that have
abundant lithic material rich ir coarse-grained cobbles and
boulders. These stoney to very stoney soil may require excavation
and removal and represent poor fill material for mass grading work.

° Approximately one percent of the site contains Badland areas where
erosion hazard is very severe. These areas represent unstable areas
and should be excavated, covered with vegetation to reduce soil
erosion or terraced and benched to lower slope gradients so as to
lower runoff and erosion hazard.

° Based on the LSB soil classificaton system, only 1 percent of the
land area (if irrigated) is considered as the best agricultural land
"A." Wwhile 58 percent is considered the next best choice for
agricultural land, Class "B." Based on the ALISH classification,
approximately the same total percent of the site is considered Prime
Agricultural Land (57 percent)}.

o With construction of structures and roads, the percent imperviousness
of the site's initial conditions will increase resulting in slightly
increased runoff. Mitigative measures may include construction of
water retention storage ponds in appropriate areas.

° Dur ing construction phases, increased soil erosion is expected, due
to removal of plant cover and exposing large areas of barren soil.
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Environmental Issues Related to Geology That Could Impact or Enhance the Golf

Courses

Naturally occuring depressions may be useful for possible temporary
runoff impoundment and disposal of irrigation water and storm

runoff,

Narrow gulches in upland areas can channel storm runoff and cause
severe erosion and flooding hazard to lowlying areas down-gradient
over a very short time frame. Mitigative measures include
construction of short term storage reservoirs to retain large volume
influx of runoff water. During dry seasons, storage reservoirs
should be inspected, cleared of debris, and maintained.

Approximately 15 percent of the site consists of coralline sandstone
and basaltic rock outcrop. Excavations into the less weathered
portions of the dense, massive lava flows and recrystallized
sandstones may be difficult.

Surface drainage should be improved in the lowlying areas to reduce
flooding hazards.

{6668A/439A)
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TABLE 313

L8B LAND CAPABILITY CLASSIFICATION

PUNAMANO BITE
ESTATE OF JAMES CAMPBELL
JOB #07597-020-011

Boil Approximate Percent Capability Classgification
Type Acreage Total (%) Nonirrigated Irrigated
Al24 45 7 D a
Bl13 46 8 c B
B16 a6 6 B B
B24 117 19 c B
B25 68 11 D B
B27 a7 6 c B
B96 11 2 c B
c20 28 5 E c
c28 11 2 D c
co7 27 4 c c
B29 by :] 3 E D
BE104 22 4 E B(1)
E106 50 8 E E(l)
E107 23 4 E E(1)
Ell15 . 66 11 E "B(1)
Total = 605 100

(1) Nonirrigated rating used when no rating is given for irr
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FEET

Department of Land & Natural Resources, State of Hawaii

U.S. Geological Survey
"Hydrologic Map of the Kahuky Area, Dahu, Hawaiiv
Water Supply Paper 1874, Plate 1, 1969,

PLOT PLAN
Punamano Site

Dames & Moore
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Introduction

The Estate of James Campbell is proposing to develop three 18
hole golf courses in the vicinity of Kahuku on the North Shore of
Oahu. The area lies immediately southwest of Kamehameha Highway
between Kahuku Village and Kuilima (Figure 1). The site contains
approximately 605 acres and is situated mauka of Kamehameha Highway and
some 2 miles northwest of the old Kahuku Mill (Figure 2).

The purpose of this report Is to provide information on the
topography of the site. This report addresses the following:

a. Existing site and site conditions;

b. Topography information on the site.

Site and Site Conditions

The proposed site for the three 18~hole golf courses at Punamano
is located within the Koolauloa District of Oahu and lies in the Tax
Map Key designations of TMK 5~6-05:Portion 1, Portion 2, 5, 6 and
Portion 7, and a small bit of ™MK 5~7-01:Portion 21. This project site
at Punamano has been owned by Tha Estate of James Campbell since before
the turn of the twentieth century,

The site slopes up from the low grass lands lying along the mauka
side of Kamehameha Highway and opposite from the Punamano Marsh, a
portion of which is a Natural Wildlife Refuge. The 605 acre,
irregularly-shaped parcel consists mainly of vacant grass and shrub
lands, rolling hillsides, intermittent stream gulches and several Steep
cliffs of coralline limestone. Portions of the site were, at one time,
planted in sugar cane and some of the abandoned irrigation ditchwork
still remains. From the north boundary of the site to its southern
boundary the area is a gently rolling hillside with an overall slope of
some 5 to 7 percent. An area of rough terrain exists some 100 feet
mavka of Kamehameha Highway and extends in a westerly direction through
the center of the property. This irregular formation is covered in the
s0ils report for the site, It is this irregular formation that gives
the project site the irregular boundary seen in Figure 2. Four
abandoned windmill structures are located within the site near
Kamehameha Highway. These will be removed. A road bigects the
proposed golf course site. This road provides access to the U, S. Army
Kahuku Training Area which is located immediately mauka of the site.

Land uses of property adjoining the Punamano site are military to
the southwest, agricultural to the south and east, and aquaculture on
the northeast. Across Kamehameha Highway, north of the site is the
Tanaka Store, a well-known local landmark, which is a small grocery
Store and gas station. Farther west along Kamehameha Highway lies the
Kuilima Resort and condominium complex. Other lands not specifically
noted, which lie adjacent to the site, remain as vacant agricultural
lands today.
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Introduction

The Estate of James Campbell is proposing to develop thrae 18
hole golf courses in the vicinity of Kahuku on the North Shore of
Oahu. The area lies lmmediately southwest of Kamehameha Highway
between Kahuku Village and Kuilima (Figure 1). The site contains
approximately 605 acres and is situated mauka of Kamehameha Highway and
some 2 miles northwest of the old Kahuku Mill (Figure 2).

The purpose of this report is to provide information on the
topography of the site. This report addresses the following:

a. Existing site and site conditions;

b. Topography information on the site.

Site and Site Conditions

The proposed site for the three 18-hole golf courses at Punamano
is located within the Koolauloa District of Oahu and lies in the Tax
Map Key designations of TMK 5-6-05:Portion 1, Portion 2, 5, 6 and
Portion 7, and a small bit of TMK 5-7-01l:Portion 21. This project site
at Punamano has been owned by The Estate of James Campbell since before
the turn of the twentieth century.

The site slopes up from the low grass lands lying along the mauka
slde of Kamehameha Highway and opposite from the Punamano Marsh, a
portion of which is a Natural Wildlife Refuge. The 605 acre,
irregularly-shaped parcel consists mainly of vacant grass and shrub
lands, rolling hillsides, intermittent stream gulches and several steep
cliffs of coralline limestone. Portions of the site were, at one time,
planted in sugar cane and some of the abandoned irrigation ditchwork
still remains. From the north boundary of the site to its southern
boundary the area is a gently rolling hillside with an overall slope of
some 5 to 7 percent. An area of rough terrain exists some 100 feet
mauka of Kamehameha Highway and extends in a westerly direction through
the center of the property. This irregular formation is covered in the
soils report for the site. It is this irregular formation that gives
the project site the irregular boundary seen in Figure 2. Four
abandoned windmill structures are located within the site near
Kamehameha Highway. These will be removed. A road bisects the
proposed golf course site. This road provides access to the U. S. Army
Kahuku Training Area which is located immediately mauka of the site.

Land uses of property adjoining the Punamano site are military to
the southwest, agricultural to the south and east, and aquaculture on
the northeast. Across Kamehameha Highway, north of the site is the
Tanaka Store, a well-known local landmark, which is a small grocery
store and gas station. Farther west along Kamehameha Highway lies the
Kuilima Resort and condominium complex. Other lands not specifically
noted, which lie adjacent to the site, remain as vacant agricultural
lands today.
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The site is presently designated as an agricultural district by
the State Land Use Commission. The Koolauloa Development Plan Land Use
Map designates the site Agriculture, and the City and County of

Honolulu Zoning District carries the site as Agriculture (AG-1/AG-2).

The site has a temperature readings range from the low 60 degrees
F to the mid 80 degrees F, depending on the day and the season of the
year. Daily temperatures vary as much as twenty degrees (F) between
daylight hours and early morning hours. Coocler temperatures are
noticeable in the higher levels of the site. Review of the median
annual rainfall, as published by Department of Land and Natural
Resources, State of Hawail, shows that the site is located well within
the 1000 millimeter and 1500 willimeter isohyets which indicate that
the rainfall median is between 39 and 59 inches per year. The higher
rainfall is found in the upper (southern) section of the site. The
rainfall distribution 1s uneven and varies from month to month. Rain
will be heavy some months and nearly non-existant at other times.
Winter months, in general, are the months with the most rainfall.

Tradewinds are generally stronger at Kahuku than on other parts
of the island., Velocities of twelve to fifteen miles per hour are
average, with the direction of the prevailing winds coming from the
northeasterly and east northeasterly directions. The winds at Kahuku
are generally of greater velocity than the same winds in most other
parts of Oahu. This is evidenced by the fact that the experimental
wind turbines for electrical generation have been sited on adjacent
areas immediately west of the proposed golf courses.

Topography
Figure 3 shows that the Punamano site lies within the Hoolapa and

Kalaeokahipa Gulches. Figure 4 shows that the two intermittent stream
gulches do traverse through the golf course site. Figure 4 has been
produced from the photogrammetric survey map produced by R. M. Towill
Corporation for the City and County of Honolulu Planning Department.

The northern boundary, along Kamehameha Highway, is the low lying
portion of the site. This boundary varies from a low of 8 feet above
sea level to approximately 20 feet above sea level. The highest
elevation on site reaches 290 feet in the westerly section of the site
in the Hoolapa drainage basin. The overall slope upwards from the
highway to the southern boundary is about 6 percent. However;
different ridges and ravines cause the slopes to vary from a near level
plateau at 220 feet near the center of the site to 30 percent slopes in
the upper reaches of Hoolapa Gulech. The northwesterly finger of the
site, closest to Turtle Bay is nearly flat and is the lowest portion of
the site.

During the active years of Kahuku Plantation most of this site
was planted in sugar cane. Since the closing of the plantation some
truck farming has been attempted in the low flat lands along Kamehameha
Highway. Today the land is fallow.
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Introduction

The Estate of James Campbell is proposing to develop three 18
hole golf courses in the vicinity of Kahuku on the North Shore of
Oahu. The area lies immediately southwest of Kamehameha Highway
between Kahuku Village and Kuilima (Figure 1). The site contains
approximately 605 acres and is situated mauka of Kamehameha Highway and
some 2 miles northwest of the old Kahuku Mill (Figure 2),

The purpose of this report is to provide information on the
prevailing climate at the site. This report addresses the following:

a. Existing site and site conditions

b. Rainfall and temperature data available for the area.

Site and Site Conditions

The proposed site for the three 18-hole golf courses at Punamano
is located within the Koolauloa District of Oahu and lies in the Tax
Map Key designations of TMK 5-6-05:Portion 1, Portion 2, 5, 6 and
Portion 7, and a small bit of TMK 5-7-~01:Portion 21. This project site
at Punamano has been owned by The Estate of James Campbell since before
the turn of the twentieth century.

The site slopes up from the low grass lands lying along the mauka
slde of Kamehameha Highway and opposite from the Punamano Marsh, part
of which is a Natural Wildlife Refuge. The 605 acre, irregularly-
shaped parcel consists mainly of vacant grass and shrub lands, rolling
hilisides, intermittent stream gulches and several steep cliffs of
coralline limestone. Portions of the site were, at one time, planted
in sugar cane and some of the abandoned irrigation ditchwork still
remains. From the north boundary of the site to its southern boundary
the area is a gently rolling hillside with an overall slope of gome 5
to 7 percent. An area of rough terrain exists some 100 feet mauka of
Kamehameha Highway and extends in a westerly direction through the
center of the property. This irregular formation is covered in the
solls report for the site. It is thig irregular formation that gives
the project site the irregular boundary seen in Figure 2. Four
abandoned windmill structures are located within the site near
Kamehameha Highway. These will be removed., A road bisects the
proposed golf course site. This road provides access to the U, S. Army
Kahuku Training Area which is located immediately mauka of the site.

Land uses of property adjoining the Punamano site are military to
the southwest, agricultural to the south and east, and aquaculture on
the northeast. Across Kamehameha Highway, north of the site is the
Tanaka Store, a well-known local landmark, which is a small grocery
store and gas station. Farther west along Kamehameha Highway lies the
Kuilima Resort and condominium complex. Other lands not specifically
noted, which lie adjacent to the site, remain as vacant agricultural
lands today.
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The site is presently designated as an agricultural district by
the State Land Use Commission. The Koolauloa Development Plan Land Use
Map designates the site Agriculture, and the City and County of
Honolulu Zoning District carries the site as Agriculture (AG-1/AG-2).

The site has a temperature readings range from the low 60 degrees
F to the mid 80 degrees F, depending on the day and the season of the
year. Daily temperatures vary as much as twenty degrees (F) between
daylight hours and early morning hours. Cooler temperatures are
noticeable in the higher levels of the site. Review of the median
annual rainfall, as published by Department of Land and Natural
Resources, State of Hawail (Figure 3), shows that the site is located
within the 1000 millimeter and 1500 millimeter isohyets which indicate
that the rainfall median is between 39 and 59 inches per year. The
higher rainfall is found in the upper {(southern) section of the site.
The rainfall distribution is uneven and varies from month to month.
Rain will be heavy some months and nearly non-existant at other times.
Winter months, in general, are the months with the most rainfall.

Tradewinds are generally stronger at Kahuku than on other parts
of the island. Velocities of twelve to fifteen miles per hour are
average, with the direction of the prevailing winds coming from the
northeasterly and east northeasterly directions. The winds at Kahuku
are generally of greater velocity than the same winds in most other
parts of Oahu. This is evidenced by the fact that the experimental
wind turbines for electrical generation have been sited on adjacent
areas immediately west of the proposed golf courses.

Climate
As the tradewinds tend to slide around the lower levels of the

Koolau Mountains nmear Kahuku Point, the uplift of the cloud formations
diminish. As a result, the rainfall decreases as the northern shore-
line 1s approached. Rainfall within the golf course site possibly
varies some six or seven inches per year between the most northwesterly
point of the site to the most southwesterly point. The tradewinds blow
nearly 90 percent of the time In the Kahuku area. The area 1s subject—-
ed to "Kona winds" from the southerly direction some 10 percent of the
time. Normally these winds are mild clear weather winds unless they
are associlated with a major "Kona storm”. At that time the entire
island of Oahu is subjected to heavy rains.

Although extremes in rainfall have been noted at the site some 30
percent of the time the skies are clear. Possibly one third of the
time the sky is considered partly cloudy and another third of the time
the sky is overcast. The climate is good for golfing activities.

The average monthly rainfall for the site has been taken from the
isohyetal rainfall maps provided by the Rainfall Atlas of Hawaii,
Report R76, published by the Department of Land and Natural Resources,
State of Hawaii in 1986. These rainfall figures are tabulated in Table
I below. The temperature averages for each month have come from The
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Climatological Data-Annual Summary Hawaii & Pacific, published in 1978
by the National Oceanic and Atmospheric Administration. The tempera-
ture readings were taken at Waialee some 2.5 miles west of the site.

Table I

PUNAMANU SITE

Month Average Moathly Rainfall Average Monthly Temperatures
Inches Degrees F
January 5.2 71.8
February 4.0 72.2
March 4.4 71.7
April 3.8 73.3
May 2.2 74.8
June 1.7 76.6
July 2.1 77.4
August 2.5 78.4
September 2.1 78.1
October 3.2 76.9
November 3.8 73.6
December 5.2 71.7
ANNUAL 40.2 74.7

From Table I it is very noticeable that the annual temperature
differential varies only 3.7 degrees above and 3.0 degrees below the
annual average. This minor variation provides for a pleasant climate
throughout the twelve months of the year. Daily extremes varying from
the low 60's in the early morning hours to the mid 80's in the early
afternoons provide an ideal climate for golfing and other recreational

activities.

Taking into account the fact that the tradewinds are stronger in the
Kahuku area than in any other area of Oahu; that the rainfall tends to
be less during the drier summer months when the temperature range is
slightly higher, and combining this information with the evaporation
data presented in Appendix J; the need for irrigation of the proposed
golf courses is realized. Based on the fact that evaporation exceeds
rainfall by some 6.5 inches during the month of July., the demand for
irrigation water will reach about 2.6 mgd during that month and falling
to about 1.4 mgd during January and December. The average being about
2.1 to 2.2 mgd. The rate of fluctuation being an inverse Ffactor of the
daily rainfall. The use of irrigation water and its supply are covered
more fully in Sub-Appendix F.
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APPENDIX DM-2
PUNAMANC GOLF COURSE

GROUNDWATER RESOURCES

The Punamano site is located in the basal water zone in an area where
streams are dry or intermittent. According to Takasaki and Valenciano (1969),
basal water east of the Koolau dike zone is artesian wherever it underlies the
coastal plain. Groundwater levels in the Kahuku Region range from about 7
feet to more than 20 feet above mean sea level (MSL). However, based om the
August 1962 water-level contour map (Takasaki and Valenciano, 1969), we
anticipate that water levels at the golf course site will be about 10 feet
above MSL. This would mean that the fresh water lens would extend downward
below sea-level to about 300 to 350 feet at Punamano.

The permeability of unweathered vesicular lava flows of the Koolau
Volecanic Series is generally high. Structural features associated with lava
flows determine permeability. For example, thin-bedded a'a flank flows
(similar to those observed near the Punamano site) tend to have the highest
proportion of highly permeable clinker zones, voids between flow surface, and
shrinkage joints and fractures. These features combine to make these rock
types the most permeable. Takasaki and Valeaciano (1969) suggest that there
is a general tendency for permeability to increase with distance from the dike
zone and that permeability 1s highest parallel to the lava's flow directionm,
where interflow voids and clinker zones are most continuous. Permeability of
flows can be reduced considerably depending on the degree of weathering, which
decreases the size of voids and fractures. Weathering is mostly confined to
near-surface rocks (generally less than several tens of feet thick) and is
rare at a depth of more than 10G feet outside of the valleys and gulches.

Deep weathering is generally confined to valley floors, broad gulches, and
flood plains, where poorly permeable weathered rocks at depths of 200 feet are
common (Takasaki and Valenciano, 1969).

Along the coastal plain, the water-bearing properties of the
sedimentary material (clay to stonmey clay soils) range from nearly impermeable
with slow drainage runoff in compact alluvium, to highly permeable in
unconsolidated talus with moderateé to rapid drainage runoff. Most of the
areas of recent alluvium exhibit slow to moderate drainage runoff (refer to
the SCS classification Map, Plate P-2 and Table 1).

Soil conditions and sedimentary textures differ substantially within
the site, ranging from nearly impermeable clay to highly permeable solution
pitted, consolidated calcareous dune sand and associated talus; thus,
water-bearing properties are variable, too. Extremely calcified dune deposits
(recrystallized eolian deposits), and weathered lava (saprolite zones)
constitute rock masses that are less permeable than the underlying fresh
lava. Wherever these rock masses, locally referred to as caprock, overlie
fresh lava, artesian conditions prevail in the fresh lava, as well as along
permable zones within the caprock itself. Artesian conditions are presumed to
be present just north (makai) of Kamehameha Highway, in the general area of
the Punamano spring (refer to Plate P-1).
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Referring to Plate P-1, the northern section of the Koolau dike zone
can been seen lying west of the Punamano Site. This dike zone is
approximately 2.5 miles wide and 10 miles long, extending southeastward as far
as Kaneohe Bay. The high rainfall area of Kahana and Punaluu, where annual
rainfall exceeds 250 inches, suply water to this dike system. As the dike
alignment is northwesterly, the precipation that falls in this dike zone 1s
permitted to flow in a northwesterly direction towards Waialee. As the dike’
decrease in heighth, water spills to the basal water lens which lies both east
and west of the dike zone. It is this water which recharges the basal water
lens underlying the Punamano site and seeps out to form Punamano Spring at
about 8 feet above sea-level makai of Kamehameha Highway.
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Introduction

The Estate of James Campbell is proposing to develop three 18
hole golf courses in the vicinity of Kahuku on the North Shore of
Oshu. The area lies immediately southwest of Kamehameha Highway
between Kahuku Village and Kuilima (Figure 1). The site contains
approximately 605 acres and is situated mauka of Kamehameha Highway and
some 2 miles northwest of the old Kahuku Mill (Figure 2).

The objective of this report is to provide information on the
site and to present the necessary planning and preliminary engineering
for the drainage of the proposed golfing sites and to discuss storm
runoff quantities. Specifically this report addresses the following:

a. Existing site and site conditions;

b. Background information on the proposed site development;

¢. Proposed development and resulting drainage changes;

d. Impacts and mitigation measures to be undertaken at the

site and overall watershed.

Site and Site Conditions

The proposed site for the three 18 hole golf courses at Punamano
is located within the Koolauloa District of Oahu, and lies in the Tax
Map Key designations of TMK 5-6-05:Portien 1, Portion 2, 5, 6 and
Portion 7, and a small bit of TMK 5-7-01:Portion 21. This project site
at Punamano has been owned by The Estate of James Campbell since before
the turn of the twentieth century.

The site slopes up from the low grass lands lying along the mauka
side of Kamehameha Highway and opposite from the Punamano Marsh which
is a Natural Wildlife Refuge. The 605 acre, irregularly-shaped parcel
consists mainly of vacant grass and shrub lands, rolling hillsides,
intermittent stream gulches and several steep cliffs of coral
limestone. Portions of the site were, at one time, planted in sugar
cane and some of the abandoned irrigation ditchwork still remains.
From the north boundary of the site to its southern boundary the area
is a gently rolling hillside with an overall slope of some 5 to 7
percent. An area of rough terrain exists some 100 feet mauka of
Kamehameha Highway and extends in a westerly direction through the
center of the site. This irregular formation is covered in the soils
report for the site. It is this irregular formation that gives the
project site the irregular boundary seen in Figure 2. Four abandoned
windmill structures are located within the site near Kamehameha
Highway. A road bisects the proposed golf site. This road provides
access to the Army Kahuku Training Area which is located immediately
mauka of the site.

Land uses of property ad joining the Punamano site are military to
the southwest, agricultural to the south and east, and aquaculture on
the northeast. Across Kamehameha Highway, north of the site is the
Tanaka Store, a well-known landmark, which is a small grocery store and
gas station. Farther west along Kamehameha Highway lies the Kuilima
Resort and condominium complex. Other lands not specifically noted,
which lie adjacent to the site, remain as vacant agricutural lands
today.
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The site is presently designated as an agricultural district by
the State Land Use Commission. The Koolauloa Development Plan Land Use
Map designates the site Agriculture, and the City and County of
Honolulu Zoning District carries the site as Agriculture (AG-1/AG~2).

The site has temperature readings that range from the low 60
degrees F to the mid 80 degrees F, depending on the day and the season
of the year. Daily temperatures vary as much as twenty degrees F
between daylight hours and early morning hours. Cooler temperatures
are noticeable in the higher levels of the site. Review of the median
annual rainfall, as published by Department of Land and Natural
Resources, State of Hawaii, (Figure 3) shows that the site is located
well within the 1000 millimeter and 1500 millimeter isohyets which
indicate that the rainfall median is between 40 and 48 inches per
year. The higher rainfall is found in the upper (southern) section of
the site. The rainfall distribution is uneven and varies from month to
month. Rain will be heavy some months and nearly non-existant at other
times. Winter months, in general, are the months with the most
rainfall.

Tradewinds are generally stronger at Kahuku than on other parts
of the island. Velocities of twelve to fifteen miles per hour are
average, with the direction of the prevailing winds coming from the
northeasterly and east northeasterly directions. The winds at Kahuku
are generally of greater velocity than the same winds in most other
parts of Qahu. This is evidenced by the fact that the experimental
wind turbines for electrical generation have been sited on ad jacent
areas immediately west of the proposed golf courses.

As far as site topography is concerned, the elevations range from
10 feet above sea level near Kamehameha Highway to some 270 feet
elevation along the mauka (western) boundary (Figure 4). The elevation
within the site is 250 fest above sea level near the proposed parking
lot for Clubhouse No. 2. Slopes of 5 to 10 percent are found
throughout the site with slopes in the Hoolapa and Kalaeokahipa
gulches. Here steeper slopes of 30 to 40 percent occur in isolated
areas. One large depression lies within the site which can hold normal
runoff at times of moderate to heavy rainfall/runoff. The normal
dralnage of the Hoolapa and Kalaeokahipa watersheds is eastward through
the proposed golf course sites to and beyond Kamehameha Highway.

Calculations for runoff have been based on rainfall intensities
of 2.5 inches per hour for 10 year storms, 3.0 inches per hour for 50
year storms and 3.5 inches per hour for 100 year storms. Table I shows
the runoff quantities for the project site under existing conditions
and also after development of the golf course. Both of these do not
take into account the retention effect provided by depressions existing
or to be made on the site as mitigating steps. Table I[I shows the
total drainage basin runoff under existing and developed conditions.



PUNAMANO

GOLF COURSES

i

NORTH

0 1 4 3

SCALE IN MILE
STATI DOF HAwAN

MFANIMESNT (M LAND 8 NATURAL ACS0URCED
vihiih OF WATLH B LAND OEVELQPMINT

MEDIAN ANNUAL RAINFALL

ISOHYETS N MILLIMETERS AND (INCHES)
DATA BASED TO 1975

MALAEKAHANA
GOLF COURSE

RAIN GAGES i

Y

altl

0705

GAGE AND NUMBER
DISCONTINUED

" e . - ' - M ' ' .

»
-
T
‘" i .,
H <'}_,' ‘
', G A
ey b g
R4 ;cq-‘,it-- .
‘ - u‘!'q’__,! ‘f >t-
RO
. m—t T
000" ’
i ™7
. L ]
s

THE COUNTRY COURSES AT KAHUKU

DATA FOR PUNAMANC #
MALAEKAHANA SITE

SHOWING MEDIAN ANNUAL RAINFALL]

SMITH, YOUNG B ASSHIATES, NG = CONGILTING ENGINEERS 5

FlG. 3

b B

|

i

——

Mo g mw o me s omoe 78 7 R



—-1
+
.

LT

T

avarn BOaoeT

S LT P

mes e,

attarn g e,

STLLN

g

CLIPPPRTTN

o
=
2
q.‘\f'
P

[
b
LY

. -

)

-
A
———,

——

#

'-h."

R S

.
.\

Ay

S ——
-
SN S .
o
[Tl

e T

- —

—.

« CONSULTING ENGINEERS

SMITH, YOUNG & ASS0CIATES, INC




e,
Msenenisnig

;"'.-n-u.-"’!.

-

e
—

~
-

-
——n

PR i S

e
- s
-

-

-
"

. ' 10 FEET CONTQUR INTERVALS

*  GRAPHIC SCALE:
4]

[FROM AERJAL SURVEY}
CiTY b COUNTY OF HUMGI
500

LUl
1000

P

THE COUNTRY COURSES AT KAHURU
PUNAMANO PROJECT SITE
SHOWING TOPOGRAPHY

FIG 4

T N N X Bt 1)



|

S

L)

Drainage Changes by Development

Development of the golf courses will change the drainage
characteristics of the 605 acre project site. The more dense
vegetation found on site today will be replaced by a closely-cropped
grass turf normally associated with golf courses. Roadways, parking
lots and buildings, combined with the closely-cut grass will account
for a higher runoff and a shorter time of concentration. These
features all will tend to increase runoff. Additional swales,

depressions, sand traps and ponds will tend to reduce runoff. Without
steps to reduce runoff, the net result is a potentially greater runoff

from the project site after development of the golf course. The
calculated unmitigated runoff for the 10 and 50 year storm intervals
and the effect the development may have on the Hoolapa-Kalaeokahipa
Drainage Basins are presented in Tables I and II. Figure 5 shows the

relationship of the golf courses and the Hoolapa-Kalaeokahipa Drainage

Basins.

The overall drainage patterns for the site will remain fairly

much the same as before development. There will be additional ponding
areas and swales will conduct minor surface flows to specific areas and
to certain retention ponds or depressions. Areas not incorporated into

the golf courses will remain as they presently are in both vegetation
and slope configuration. It is recommended that mitigating steps be
undertaken to reduce the development runoff.

Table I

STORM WATER RUNOFF - PUNAMANO GOLF COURSE SITES

Storm Existing Developed Percent
Interval Acerage Conditions Conditions Increase
(cfs) {e£s)
10 years 605 1286 1543 20.0
100 years 605 1800 2160 20.0
Table II

STORM WATER RUNOFF - HOOLAPA & KALAEOKAHIPA WATERSHEDS

Storm Existing Developed Percent
Interval Acerage Conditions Conditions Increase
(cfs) (cEs)
10 years 1057 1913 2170 13.4
100 years 1057 2678 3038 13.4
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Impacts and Mitigation

It 1is important to note that mitigating measures are possible and
recommended for the golf course area that will reduce the total runoff
of the Hoolapa/Kalaeokahipa drainage basins under any specific storm.
Giving no consideration to retention capabilities of the depression at
the driving trange or to other facilities which could mitigate runoff,
it is seen that the runoff from the 605 acres of golf courses has
increased 20 percent when the golf courses are developed fully. This
jncrease is shown in Table I. Relating the 605 acres of developed golf
courses to the 390 acres of Hoolapa Gulch and the 667 acres of
Kalaeokahipa Gulch we find in Table II that the percentage inmcrease is
reduced to 13.4 for the 10 and 50 year storas for each gulch as a
whole. This lower percentage increase is directly related to the 1057
acres of drainage area of the combined Hoolapa and Kalaeokahipa and the
605 acres of the golf course area.

The impact of the increased golf course flow can be mitigated by
swaling the parking area, clubhouse site, putting green and some 70
acres of the Kalaeokahipa drainage basin near and mauka of the
clubhouse to the large depression being used as the driving range
(Figure 6). This single mitigating feature would reduce the golf
course runoff to the main total flow by some eleven percent. This
single reduction is equal to the inecrease shown on Table II. With
additional mitigating steps such as swaling flows to sand traps,
constructing additional retention basins or depressions and the like,
it is possible to reduce the storm water runoff rate under the
developed conditions to 1evels below those of the existing conditions.
This action would then negate any impact on the wetlands lying makai of
Kamehameha Highway as far as stotm flow quantities are concerned from
the golf courses development.

In addition to the diversion of the runoff from some 70 acres as
discussed above, the Proposed Kahuku Drainage Master Plan, when’
implemented, will divert peak flows from Kalaeckahipa Gulch to the
driving range depression. This depression can hold 64 acre feet of
storm flow. This action reduces peak flows during heavy storms to a
size that can be handled by the improved ditch system for the low lands
makai of Kam Highway. Of particular note is the Lower Hoolapa Ditch
which will direct flows away from the Punamano Spring avea and the
Punamano National Wildlife Refuge. Figure 7 also shows how storm flows
from Hoolapa and Kalaeokahipa by-pass the Kii Wildlife Refuge to its
north while the Ohia Ai Gulch runoff will by-pass it to the south and
east. The ditch system will be sized to carry 100 year stormflows in
compliance with City and County stormflow drainage criteria.

The major peak flow-area diversion in Kalaeokahipa watershed
coupled with the new Hoolupa ditch and other Master Plan improvements
will reduce peak storm flows of 50 and 100 year storms to flows that
can be carried by the ditch systen. The ditch system, in turn will
redirect all flows so that there will be no storm flow into the
Wildlife Refuge areas. Normal reinfall on the golf courses will be
controllad and confined by swales, sand traps and detention basins so
that minor sheet flow drainage will be confined to the golf course area
itself.



1
rd
.\
i
i
i
i
A.M\\
\
)
q
y
S
2
P
.‘\\
.. s
LA
-.\
i
t
I's
]

.“ :_.‘...

3
]
-~

L
' - Py

S

e

-
LI TTY

.

—

»

ittt P

Py

nnnnnnnnnnnnnnnnnn

lu’\nnm...h.ﬂﬂu.. -
<

-
LT L

----- 2
I\u\n.w.—.u.nna..uq..m 2%

i

p—rey

Wy
.-l\\@.\\\‘\..\\l}n_ mﬂ/ I._

% g P

bt T

&

o

B

=

L
P s
e
L

)

! ( h... .
)
O

\ 4

,ﬁﬂ« \
SR

|
A/
——, )

3

SMITH, YOUNG B ASSOCIATES, INC » CONSULTING ENGINEERS

—



.
FIG. 6

e —
o

%
ot
e & - -
- ——
. o e

e’

THE COUNTRY COURSES AT XAHUKU
SWALING OF PUNAMANO SITE

......
3 B L UL
i .

e 1] oy

KAHUKU —»
300 1000
10

[0 FEET CONTOUR INTERVALS
: (FROM AERIAL SURVEY)

0

.,
.
]

aulgmem,

NN
-

\

]

3 N
......f.“...f;ll.dv w N \ \ A
/ f/....v.u.Nwm.L /,.../...._W.\\\.\ N f..;. N g nﬂ»

7%

—~R-

- ., C - - - 1 £
i SN, IR ety B T T £ AT ORI I s

|
=

i

AM

3

i

I T T o e Rl -
AR L P Y Y -.J.ﬂ.(al..._._ay...kl..r._.vu_.h -

ST AT B



L 94

Nv7d ¥31SVYW JOVNIVHQ (Q3S0d0Nd

MNHYM 1V S3SHN0D ANMLINNOD FHL| \\.

/4

e \
31IS ONVWVNNJ N

V3NY_39VHOLS
\I MOd WHOLS

< )

x 39n338 \

EETRERI
A LUN

ONVWVYNNd V

N

vd¥I00HVYNNd

— =

ONtHdS
ONVAVYNNd

39n4d3y
EEIR]RILS

N

NY300

Y3HY 39vHOLS
A074 WHOLS

J1410vd

NANHYMA

n




The propsed mitigating measures to be undertaken within the golf
course development, combined with the Kahuku Drainage Master Plan
presently being considered, will negate all possible impacts to the
Wildlife Refuge areas and other wet-lands lying makai of Kamehameha
Highway.
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APPENDIX DM-3
PUNAMANG GOLF

GROUNDWATER QUALITY AND SUPPLY

GROUNDWATER QUALITY

The assessment of groundwater quality within the site is primarily based
on earlier data summarized by Takasaki and Valenciano (1969). Two wells (339 and
352) occur within or very near the site. Well log data for Well 339 (located
along the north alluvial fan and west of calcareous sandstone escarpment)
indicates that the well ended at a final depth of nearly 180 feet and that the
top of the weathered basalt was encountered at approximately -55 feet below MSL.

Takasaki and Valenciano {(1969) indicate that the values for the quality of
groundwater, as measured by its dissolved solids, range from about 100
milligrams/liter (mg/l) for dike water discharge into streams to about 2,500 mg/l
for basal well water.

Induced sea-water intrusion due to large concentrated withdrawal of basal
water from basaltic aquifers from 1930 to 1965 contributed most to the
deterioration of the groundwater quality. In August 1964, a program was begun to
monitor the nitrate content of water from selected wells to determine effects of
infiltration of irrigation water in the Kahuku area. According to Mink (1962),
uncontaminated ground water contaims less than 1 mg/l of nitrate. Mink (1962)
considers any nitrate content greater than 1 mg/l as the criterion of possible
contamination from agricultural fertilizers. According to the Public Health
Regulations Chapter 49, Potable Drinking Water, nitrate levels must reach 10 mg/1
to be considered unsafe for consumption. For Well 339 water sample analysis
measured in August 1964 indicated that nitrite levels reached 6.2 mg/l and that
chloride levels reached 315 mg/l well below the Public Health regulation limits.

As indicated by Takasaki and Valenciano (1969) natural flow through most
of the basal aquifer is generally large enough that infiltration of soluble
fertilizer salts in irrigation water does not significantly contaminate the
groundwater reservolr. Since the cessation of sugarcane cultivation, the
groudwater quality should have improved.

WATER SUPPLY

Takasaki and Valenciano (1969) indicate that in the past the draft of the
basal ground water in the Kahuku subarea ranged from about 3 mgd during perilods
of no irrigation to more than 50 mgd when fields were heavily irrigated. Wells
341 and 353, flowing continuously at a combined rate of 2-3 mgd, contributed most
of the draft during the non—-irrigation period. Domestic water was supplied by
Wells 341, and 353, which pumped 100,000 to 200,000 gpd.

The presence of poorly permeable rocks underlying the extensions of
valleys and gulches interferes with the flow of water across them., The natural
underground groundwater flow to the ocean is estimated to range between 2 and 4
mgd per mile of shoreline. During the summer, the flow was much less than the
draft, which was 10 mgd per mile (Takasaki, et al., 1969).
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Punamnao DM-3 -2-

_ The basal water supply in most of the Kahuku subarea was fully developed.
Small quantities of water of good quality can be developed in the mountains, but
generally only at the expense of degrading the quality of water downgradient from

such a new development (Takasaki et at., 1969).

According to John Mink, Hydrogeologist, in his 1988 report to Campbell
Estate, stated;

: (1) The average draft from the Koolauloa Aquifer during the Kahuku
ot Plantation era was 28 mgd, but an average of 35 mgd was sustained during
_ the 1950's. Monthly peaks rose as high as 43 mgd. Of the 28 mgd, about
i 24 mgd was pumped from Campbell Estate lands within the Kahuku area.
]

(2) The sustainable yield of the Koolauloa Aquifer is 35 mgd at 