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M5. Letitia N. Uyehara, Director
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550 Halekauwile Street, Room 301
Honelulu, Hawai{ 96813

Dear Ms. Uyehara:

Based on the recommendation of the OFfice of Environmental Quality
Control, 1 am pleased o accept the revised envivenmental impact statement
fer the Kamooalii watershed wells in Kaneohe, Oshu, as a satisfactory
fulfiliment of the reguirements of Chapter 343, Hawaii Revised Statutes.

This envivormental impact statement will be a useful tool in
deciding whether this project should be allowed te proceed. My acceptance
of the statement is an affirmation of its adequacy under applicable laws
and does not constitute an endorsement of the propesal.

When the decision is made regarding this action, ! expect the
proposing agency fTo carefully weigh the societal benefits against the
envivonmental dmpact which will likely occur. This impact is adecuately
described in the statement, and, fogether with the comments made by
reviewers, provides a useful analysis of alternatives to the proposed
action.

With warm personal regards, 1 remsin,

Yours very truly,
P —

Gegrge R. Ariyoshi /

cc: Board of Water Supply
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The City and County of Honmolulu Board of Water Supply (BWS) is proposing
to develop onme production well and one standby well at each of four
10,000 square foot sites within the watershed of Kamooalii Stream. While
siting of access roads, electrical linés, telephone lines, water
transmission mains, and reservoirs is presently not resolved, five
conceptual approaches are under consideration for connecting the
Kamooalii Watershed Wells to the BWS water diastribution and Hawaiian
Electric Company power distribution systems.

Production from each well field is expected to range between 0.5 and 2.0
million gallons per day (mgd). First priority-for use of water from the
new well fields would be to service Kaneohe and Kailua. Any surplus
water would be exported to Honolulu.

The entire flow of Kamooalii Stream and its tributaries Kuou, Piho,
Hooleinaiwa, and Halekou currently is impounded within a 26 acre
reservoir by the Ho'omaluhia Park flood control dam. As part of
Ho'omaluhia Park, the Corps of Engineers also impounded Hooleinaiwa
Stream to form a wildlife pond for endemic waterbirds. Water exits from
the Ho'omaluhia flood control reservoir through a vertical cutlet tower.
After leaving the flume at the base of this tower, KRamocalii Stream is
joined by anmother tributary, Luluku Stream. Kamooalii Stream joins

‘Anolani Stream near Kamehameha Highway and forms Kaneohe Stream. Parts

of Luluku Stream, lower Kamooalii Stream, and Kaneohe Stream have been
channelized.

Kamooalii and Luluku Streams have peremnial flow up to an elevation of
700 feet, while Kuou, Piho, Hooleinaiwa, and Halekou Streams are only
perennial below an elevation of 300 feet. Luluku Stream's base flow now
stems from high level springs and leakage from the BWS Luluku water
development tunnel. However, most of the base flow of Kuou, Piho,
Hooleinaiwa, Halekou, and Kamooalii Streams originates below an altitude
of 250 feet from ground water seeping to the surface in Ho'omaluhia Park.
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dry weather stream flow, another approach would be to pump well water
into Kamooalii Stream or one of its tributaries.

Pending adoption of in-stream flow standards, the BWS is committed to
preserving enough astream flow to maintain existing water levels in the
1.5 acre Ho'omaluhia wildlife pond and the 26 acre Ho'omaluhia reservoir.
This will be sufficient to protect waterbird habitat and prevent fish
kills in the reservoir. However, a substantial reduction of dry weather
flow out of the Ho'omaluhia reservoir has the potential to make it
impossible for endemic diadromous species to survive in Kamooalii Stream

above inflow from Anolani Stream.
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I.

DESCRIPTION OF THE FROPOSED PROJECY

A. LOCATION

The City and County of Honolulu Board of Watexr Supply (BWS) is
proposing to construct well fields at four 10,000 square foot sites
within the watershed of Kamooalii Stxeam: Luluku, Kuou II, Kamooalii
I, and Kamooalii II. All four sites are within the General subzone
of the State Conservation District. The location of these sites is
shown in Figure 1 and Plate l. The location of the existing BWS
Luluku Tunnel (DOWALD No. 2349-01) and Kuou I wells (DOWALD Nos. 2348-
02 and 2348-03) and the location of the existing Department of
Transportation (DOT) Halekou Interchange Relief Wells (No DOWALD Nos.)
are also shown in Figure 1 and Plate 1. The Luluku Tunnel and the
mavka Kuou I well (No. 2348-03) are currently the only water
development facilities in use in the project area.

The Luluku well field site is located at an elevation of about 410
feet in a banana plantation immediately west of Likelike Highway and
north of Luluku Stream. [Plate 2] The portal of the Luluku Tunnel
[Plate.4] is about 700 feet west of the proposed site at an altitude
of 530 feet. The well field site is a portion of a 421,2 acre parcel
owned by Iolani School and identified by TMK:4-5-41:4., Road access to
the site will be directly off Likelike Highway.

The Kuou II well field site is located at an elevation of about 350
feet on an unused grass and brush covered slope just inside the
southwestern boundary of the County's Ho'omaluhia Park. [Plate 3]
An existing reservoir which serves Ho'omaluhia Park is located on a
knoll about 180 feet to the north. The proposed H-3 Freeway right-
of-way would abut the mauka. edge of the Kuou II site. The well field
site is a portion of a 113.4 -acre parcel owned by the City and County
of Honolulu and Ldentzf:l.ed by TMK:4~5-41:9, A short access road to
the site will be developed from internal access roads in Ho'omaluhia
Park.

There are two alternate sites for the Kamooalii I well field. Road
access to either site will originate from internal access roads of
Ho'omaluhia Park, go through an "equestrian" underpass which the DOT
has planned under the proposed H-3 Freeway, and then proceed cross~



. &
y i o
= = b - -‘ f - .-'4’ - ;
s = P _
e v i /
. . o=k -
¢ (A o el '= .....
W\ - Pu o g --

7 of s e 7
| e . i =S i ] Sewuﬂa /’4 ot
o AT -,," Disposal £4 0. Y % Y
] W TS wa' B

I =
[EENPe 000 ‘,J.__E’:‘-_-_.-'.\-.Jg-_ Ry
T A e e em Xy
AN A e 5

Wy ‘:J~7\ﬂ.}‘\\\\t‘;. J! : f 7 :
SRS D\\ \k\&iﬁé‘ . b,
BOARD OFWATER SPPLY %1 AL
WAnggl-?E%AL\:ELLS P%"“\?’V

FIGURE 1 g\
LOCATION MAP (¥
KANEQOHE QUAD: 1'-_2_9_90'

f‘f,t;




e

L2

i

|

s
Sy

bar

&

T
0
e

ke,

PLATE 1
WELL LOCATIONS

&

¢k

A

. - B a
$os Ea ey




o
i
3

2
Taor.

B

ﬁ el 3 gN
L X
b =g A T
A ~-£f\f' n__ Pt ;:

KUOU I WELL FIELD SITE

-1a



(3D10HD 1SHI4) LS a1314 TT1IM I HIVOOWYH TANNNL NNTINT
d vy ALVid

_.
L IE)

()




5% ‘ Ll n

-
=

) |

.

country. Both the preferred and alternmate sites for the Kamooalii I
well field are a portion of a 359.3 acre parcel owned by Iolani School
and identified by TMR:4-5-42:1. The preferred site is located at an
elevation of about 475 feet, at the mauka edge of an unused meadow,
about 1,650 feet outside of the southern boundary of Ho'omaluhia Park.
[Plate 5] The alternate site is located at an elevation of about 410
feet, at the southwestern edge of the same unused meadow, about 1,100
feet outside of the southern boundaxry of Ho'omaluhia Park. [Plate 6]

There are two alternative sites for the Kamooalii II well field. Road
access to either site will be directly off Kionaole Road. The
preferred site is a portion of the 215.9 acre Pali Golf Course
jdentified by TMK:4-5-35:1. The site is located at an elevation of
approximately 370 feet on unused grass and brush lands along Kionaole
Road. [Plate 7] Selection of this site is dependent upon revising
the deed covenant that restricts the site for golf course use only.
The alternate site for the Kamooalii II well field is a portion of a

Q;fsvén;;@h:ﬁcre parcel owned by Iolani School and identified by

TMK:4-5-42:1. This site is located at am elevation of approximately
330 feet on unused grass and brush lands along Kionaole Road
approximately 400 feet north of the preferred well site. [Plate 8]

B. DESCRIPTION

During the next year, up to two exploratory wells are planned at each
of the four previously described sites within the watershed of
Ramooalii Stream. (Figure 1] Drilling of a second exploratory well
at each site may be conditional upon results from testing of an
initial exploratory well. The Department of Land and Natural
Resources (DLNR) will construct an access road and ome exploratory
well at the Kuou II site at State expense. All other exploratory
wells and access roads will be constructed by the BWS.

The BWS plans to develop production facilities for the Luluku well
field during FY 1984-85, for the Kuou II and Kamooalii I well fields
during FY 1986-87, and for the Kamooalii II well field during FY 1987-
88. The BWS will withdraw the maximum amount of water possible from ;
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each of its four well fields. Production from each well field is
estimated to range between 0.5 and 2.0 million gallons per day (mgd).
First priority for use of water from the new well fields would be to
service Kaneole and Kailua. Any surplus water would be exported to
Honolulu. At each of the four well field sites, the BWS will usually
pump water from one well at a time. Any additional well at each site
will be used primarily as a backup facility to guarantee water supply
when the other well is shut down for maintenance.

Stream flow will be monitored in Kamooalii Stream and its tributaries
before, during, and after test pumping of the exploratory wells.
Kamooalii Stream flow will also be monitored makai of the Ho'omaluhia
flood control reservoir after completion of production facilities. If
stream base flow is significantly reduced by development of BWS wells,
then the BWS intends to take special measures to mitigate adverse
impacts. If necessary during dry periods, ground water withdrawal may
be partially cut back or else well water may be pumped into streams
flowing through Ho'omaluhia Park.

Excluding the cost.of land acquisition, assuming that ome production
and one standby well will be developed at all four well fields, and
depending on which approach is taken for connecting the Kamooalii
Watershed Wells to the BWS water distribution system, total
development costs for water production are estimated to range between
$12.2 and $14.4 million. More accurate cost estimates will be
developed during project design. °

Except for access roads, electrical lines, telephone lines, water
transmission mains, and reservoirs, all production facilities will be
confined withirn four 10,000 square foot sites. Facilities and
infrastructure at each well field site will include pumps, pump mutes,
electrical equipment and appurtenances, a one~story control building,
piping, landscaping, irrigation systems, and fencing. A typical BWS
control building is shown in Plate 9.

About 300 feet of access road will be developed for the Kuou II well
field and about 3,000 feet of access road will be developed for the
Kamooalii I well field. Depending on the method selected to comnect
the Kamooalii I and II well fields to the BWS water distribution
system, about 4,500 feet of additional road may be built for
maintenance of a pipeline between these well fields. Access roads
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will be 20 feet wide, with 12-foot wide all-weather pavement. Road
alignments will be resolved at a later date after a detailed

topographic survey.

Up to four new reservoirs will be built to stabilize flow and pressure
from the new BWS well fields. Conceivably, control valves might be
substituted in place of reservoirs. 15 to 18 foot tall cylindrical
reservoirs will be built on 10,000 to 15,000 square foot landscaped
gites in the vicinity of, but not necessarily adjacent to, the
existing Kuou I wells, the Kuou II well field, and either or both the
Kamooalii I and II well fields. Reservoir siting will be resolved at
a later date. New BWS reservoirs will be capable of serviag
Ho'omaluhia Park and make it possible to phase out or remove the
existing park reservoir and water booster system operated by the
County Department of Parks and Recreatiom.

Five conceptual approaches are under consideration for conmecting the
Kamooalii Watershed Wells to the BWS water distribution system.
Because these approaches involve different routes for maintenance
roads, and because it is desirable to locate electrical lines near
roads (to facilitate maintenance), five conceptual approaches also are
under consideration for comnecting the Kamooalii Watershed Wells to
the Hawaiian Electric Company (HECO) power distribution system. It is
likely that Hawaiian Telephone Company will share the use of peles
installed by HECO. However, alignments and easements for pipelines,
electrical lines, and telephone lines will be resolved at a later
date. Utility lines will be underground within Ho'omaluhia park, but
will be an overhead system outside the park. The Luluku, Kamooalii I,
and Kamooalii II well fields will each have a maXimum power
requirement of 310 Kilovoltamps (RVA) while the Kuou II well field
will have a maximum requirement of 210 KVA.

All five alternatives for connecting the Kamooalii Watershed Wells to
the HECO system would involve comnecting the Luluku well field to the
12 KV line which provides power to the mauka Kuou I well. The new 12
KV line will cross Likelike Highway, the Luluku Interchange (H-3/Like-
1ike), and the H-3 Freeway. All five alternatives also would involve
connecting the Kamooalii II well field to am existing 12 KV line which
crosses Kionaole Road. Other details about the five alternatives are
linked to BWS options for assimilating the Kamooalii Watershed Wells.

-10-



All five alternatives for connecting the Kamooalii Watershed Wells to
the BWS system would involve connecting the Luluku well field to an
adjacent transmission main which carries water from the Luluku Tunnel.
All five alternatives would involve pumping water from the Kuou II
well field into a reservoir, pumping water from the Ruou I well £field
into a reservoir, and connecting the Kuou I and RKuou II reservoirs
with a pipeline following the main Ho'omaluhia Park access road.
Other details about the five alternatives are as follows:

OPTION I

Option I for assimilation into the BWS system is summarized in
Plate 10A and the corresponding option for assimilation into
the HECO system is summarized in Plate 10B. From the Kamooalii
I well field, the pipeline will follow Kionaole Road towards
Kamehameha Highway. Mauka of the H-3 right-of-way, the
pipeline and a new all-weather road for pipeline maintenance
will proceed cross—country to the Kamooalii I reservoir. Water-
from both the Kamooalii I and II well fields will be punped
jnto this reservoir. Water from the Ramooalii I reservoir will
be carried in a pipeline which follows the Kamooalii I access
road to Ho'omalubia Park and then follows the main Ho'omaluhia
Park access road to the Kuou II reservoir. Water from the Kuou
1T well field will be pumped into the Kuou II reservoir. A
pipeline following the main Ho'omaluhia Park access road will
carry water from the Kuou IT reservoir to the Kuou I reservoir.
Water from the Kuou I well field will be pumped into the Kuou I
regervoir. To carry water from the Kuou I reservoir, it will
be nmecessary to replace or supplement the existing l6-inch
water main which carries water from the Kuou I wells to
Kamehameha Highway for the BWS windward "272" system.

OPTIOR 2
Option 2 is summarized in Plates 11A and 11B. Kamooalii II
reservoir may need to be at a higher elevation than the
Kamooalii II well field. Water from the Kamooalii II well
field will be pumped into the Kamooalii II reservoir. Water
from the Kamooalii II reservoir will be carried in a pipeline
which follows Kiomaole Road towards Kamehameha Highway, crosaes
the Halekou Interchange (H-3/Kamehameha), cuts back to

-11-
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Ho'omaluhia Park, then follows the main Ho'omaluhia Park access
road to the Kuou II reservoir. Water from the Kamooalii I well
field will be pumped into the Kamooalii I reservoir. Water
from the Ramooalii I reservoir will be carried in a pipeline
which follows the Kamooalii I access road and comnects to the
pipeline to the Kuou II reservoir. Otherwise, Option 2 is
identical to Optiom 1.

OPTION 3
Option 3 is summarized in Plates 12A and 12B. Water from the
Kamooalii I well field will be pumped into the Kamooalii I
reservoir. Water from the Kamooalii I reservoir will be
carried to the Kamooalii II reservoir via a cross—country
pipeline mauka of the H~-3 right-of-way. Because the Kamooalii
II reservoir will need to be at a higher elevation than the
Kamooalii II well field, the route for this pipeline and
ancillary all-weather maintenance road may be different than
with Option 1. Pipelines and hook-ups between the Kamooalil
II, Xuou II, and Kuou I wells and reservoirs and the BWS
windward "272" system will be the same for Option 3 as for

0pti0n 2.

OPTION 4 (Split Flow)
Option 4 is summarized in Plates 13A and 13B. The Kamooalii I
reservoir will need to be at a higher elevation than the
Ramooalii I well field. Water from the Kamooalii I well field
will be pumped into the Ramooalii I reservoir. Water from the
Kamooalii I reservoir will be carried to Ramehameha Highway via
a cross—country pipeline mauka of the B-3 right—of-way.
Between the Kamooalii I reservoir and Kionaole Road, the route
for this pipeline and amcillary all-weather maintenance road
will be similar to Option 1; however, between Kionaole road and
Kamebameha Highway, the pipeline may cut across the Pali Golf
Course. Water from the Kamooalii II well field will be pumped
into a pipeline which follows Rionaole Road and comnects to the
pipeline between the Kamooalii I reservoir and Kamehameha
Highway. Water from the Kamooalii I reservoir and Kamooalii
II well field will be carried in a mnew pipeline along
Kamehameha Highway and then makai on Kalanianaole Highway to
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the BWS windward "272" system at Castle Hospital Junctiom.
This new pipeline will be interconnected with the existing BWS
windward "SO0" system pipeline on Kamehameha Highway. Pipeline
routes and hook-ups between the Kuou II and Kuou I wells and
reservoirs will be the same for Option 4 as for Option 1,
except that the existing water main between the Kuou I wells
and Kamehameha Highway will not have to be replaced or
supplemented.

OPTION 5 (Split Flow)

Option 5 is summarized in Plates 144 and 14B. Water from the
Kamooalii I well field will be pumped into the Kamooalii I
reservoir. Water from the Kamooalii I reservoir will be
carried to the Kamooalii IT reservoir via a cross-country
pipeline mauka of the H-3 right~of-way. The route for this
pipeline and ancillary all-weather maintenance road will be
gimilar to Option l. ‘Water from the Kamooalii II well field
will be pumped into the Ramooalii II reservoir. Water from the
Kamooalii II reservoir will be carried in a new pipeline to the
vindward "272" system at Castle Hospital Junctionm. The route
for this pipeline will be gimilar to Option 4, but there will
not be inter—connections with the "500" system pipeline omn
Kamehameha Highway. Pipeline routes and hook-ups between the
Kuou II and Kuou I wells and reservoirs will be the same for
Option 5 as for Option 4,

C. OBJECIIVES

The de facto Oahu population served by the: BWS is projected to
increase from 737,300 in 1980 to 912,800 in the year 2000. The BWS
plans to develop water from a number of sources jnciuding the proposed
Kamooalii Watershed Wells jn order to accommodate projected growth.
Tt is estimated that the average daily island-wide municipal water
demand including all public, residential, commercial, industrial, and
agricultural uses supplied by the BWS will increase from 130.1 mgd in
1980 to 181.,0 mgd in the year 2000. The anticipated 50.9 mgd twenty-
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year increase in demand will be used primarily to meet the needs of
leeward Oahu, since more growth is planned for the leeward side than
the windward side of the island. These estimates are based on 1978
"II-F" population projectioms by the State Department of Planning and
Economic Development and use assumptions about population and
employment distribution provided by the City Department of General

Planning.

On the average, about 32.78 and 70.19 mgd of the water supplied by the
BWS to leeward Oahu in 1980 were withdrawn respectively from the
Honolulu and Pearl Harbor Ground Contarol Areas (GWCAs). In 1983, a
dry year, average BWS water withdrawal from these GWCAs was 42.11 and
71.88 mgd. To prevent further salt water encroachment into the
Honolulu and Pearl Harbor fresh water basal lenses, the Board of Land
and Natural Resources (BLNR) has limited BWS withdrawals from the
Honolulu and Pearl Harbor GWCAs to an average of 38.93 and 76.95 mgd,
respectively. In order to meet the increasing demand for water, water
development projects in windward Oahu have been accelerated. Water
from windward sources not used for windward needs will be pumped
around Makapuu to Hawaii Kai. This will "free" water from leeward
sources that now is used in Hawaii Kai for use elsewhere in Homolulu.

In the event that the BWS is unable to accommodate water demand, then
the BWS will be forced to deny hook-ups or to not issue new water
meters larger than 5/8" (adequate for a single family home). In
effect, this would impose a moratorium on most new development until
such time as new water sources are developed.
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IX. DESCRIPTION OF THE EEVIRONMENTAL SETTING

Areas of concern for an analysis of the potential environmental impacts
of the Ramooalii Watershed Wells include the project site, Kamooalii
Stream and its tributaries, and the County's Ho'omaluhia Park through
which Kamooalii Stream flows. 1f the proposed wells significantly
decrease stream flow, then there could be adverse impacts on stream fauna
and on water related facilities in Ho'omaluhia Park.

A. TOPOGRAPHY AND AESTHETICS

The four well fields will be located on the northeast slopes of the
Koolau Range, about 2.5 miles jnland from Kaneohe Bay. Kamooalii
Stream and its tributaries have carved a series of valleys between the

well sites.

The Luluku well f£ield site is within a banana field, and the other
gites are within large tracts of undeveloped open space. The existing
appearance of the project area and the well field sites is shown in
Plates 1 through 8. The entire project area is visible from the
Nuuanu Pali lookout. The Luluku well site is visible f£xom Likelike
Highway. The Kuou II and Kamooalii I well sites, reservoirs, and
access roads will also be vigsible from parts of Ho'omaluhia Park. The
Kamooalii II site will be visible from Kionaole Road.

B. LAND USE

The Luluku well site is part of a banana field mauka of Likelike
Highway. The other well sites are unused open space in the watershed
of Ho'omaluhia Park. The State Department of Transportation 1is
planning to comstruct the H-3 Freeway around the mauka perimeter of
Ho'omaluhia Park. [Plate 10A] The new freeway will be immediately
mauka of the Kuou II site and makai of the other well sites.

Tolani School has proposed a large scale residential subdivision just
mauka of the H-3 right-of-way, but has not received any of the
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necessary development permits. The Kamooalii I, Kamooalii I
Alternate, and Kamooalii II Alternate gites are within the boundaries
of the proposed residential subdivision. [Ref. 3, Ref. 34, Ref., 35]

The bulk of the apple banana acreage (producing 90% of the apple
bananas) in the State is located on land owned by Iolani School in the
watershed of Kamooalii Stream and tributaries. [Ref. 3] As of March
1984, Iolani School has gerved eviction notices on all banana farmers
using its lands.

C. CLIMATE

Most rain in Kaneohe results from cooling of warm moist air when the
predominant northeast trade winds are deflected up by the Koolau
Range. Kona (southerly) and major North Pacific storm systems
occasionally bring rain to the entire island. Average annual rainfall
jncreases from 50" near the coast to 100" near the crest of the Koolau
Range between the Wilson and Nuuanu Pali tunnels. Rainfall averages
85" per year at the Kamocoalii Watershed Well sites. About 70% of
annual Kaneohe rainfall near the coast occurs from November through
April. The average monthly temperature in Kaneohe below an altitude
of 550 feet ranges from 69° to 79°. Average annual
evapotranspiration decreases from about 58" near the Kaneohe coast to
about 39" near the Koolau crest. Average annual rainfall on bodies of
standing water in Ho'omaluhia Park (80") exceeds the average annual
rate of evapotranspiration (46™). [Ref. 19, p. 8; Ref. 33, pp- 8, 9,
22]

D. SOILS
The project area is covered by well-drained silty clay soil developed

on colluvium from the Koolau Range. The Soil Conservation Service has
classified surface soils on the Luluku, Kuou II, Kamooalii I, and
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Kamooalii I Alternate sites as Lolekaa series. Soils on the Kamooalii
1I site are classified as Kaneohe series, and soils on the Kamooalii
IT Alternmate site are classified as Hanalei series. [Ref. 18, Map 60]

E. GEOLOGY AND GROUND WATER

At high elevations in windward Oshu, infiltrated rainfall is stored as
ground water in the permeable basaltic lava flows of the Koolau Range
between relatively impermeable intrusive basaltic dikes. Dikes are
formed by molten rock which solidified in the fissures of volcamoes.
Because dikes are frequently oriented at oblique angles to each other,
dike compartments are thought to be shaped like irregular prisms.
Dike compartments containing the highest ground water head coincide
with the higher rainfall portions of the Koolau crest. Although the
general pattern of ground water movement is toward the ocean, local
flow directions are complicated by the shape and permesbility of dike
compartments and by erosion. High level ground water moves gradually
from dike compartments with higher head to compartments with lower
head. Water from dike reservoirs can also discharge directly into
streams which have cut into the water-bearing rocks or seep through
permeable alluvium and then into streams. Ultimately, ground water
which is not withdrawn or lost to evapotranspiration discharges into
the ocean via streams, offshore springs, or leakage through basaltic

rocks and alluvium.

All proposed well sites are believed to be located in the marginal
area of the dike zone on the slopes of the Koolau Range. The known
dikes in this area are relatively far apart as compared to the dike
complex makai of the project area where the caldexa of the Koolau
Volcano was originally located. [Ref. 33, Plate 2]
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F.

PERENNTAL STREAMS

1. Hydrology. The four proposed well fields are located in the
watershed of Kamooalii Stream. As shown in Figure 2, Luluku,
Kuou, Piho, Hooleinaiwa, and Halekou Streams are tributaries of
Kamooalii Stream. Ramooalii Stream joins Anolani Stream in the
vicinity of Kamehameha Eighway and forms Kaneohe Stream. [Figure
1 and Figure 2] Like most perennial windward Oahu streams, the
primary source of their dry weathex base discharge is dike~-
impounded ground water. They also receive surface runoff from an
extensive watershed and can gain flow from rainfall stored in
unconsolidated surface alluvial material and volcanic ash
overlying relatively impermeable volcanic tuff and/or alluvial
conglomerates.

Ramooalii and Luluku Streams have perennial £flow above an
elevation of 700 feet, while Kuou, Piho, Hooleinaiwa, and Halekou
Streams are only perennial below an elevation of 300 feet. [Table
1] Springs above an altitude of 500 feet occux where Kamooalii
and Luluku Streams have cut into dikes that block the seaward flow
of ground water stored in the Koolau Range. Luluku Stream's base
flow now stems from guch high level springs and leakage from the
BWS Luluku water development tunnel. However, most of the base
¢low of Kuou, Piho, Hooleinaiwa, Halekou, and Kamooalii Streams
originate below an altitude of 250 feet jn Ho'omaluhia Park.
Springs occur in the park where artesian ground water overflows
dike compartments and seeps to the surface through water bearing
alluvium, ash, and weathered rock. [Ref. 19, p. 8; Ref. 33, pp.
18, 66, Plate 3]

2. TImpacts of Other Development. Because of agricultural use of
stream water, construction of dams, and other water development
projects, not all available measurements of stream -flow are still
relevant to Kamooalii Stream and tributaries. Until 1974, water
was diverted from Kamooalii Stream, below inflow from Kuou Stream,
for agriculture. [Ref. 32] From 1978 through 1980, the U.S.
Army Corps of Engineers constructed the Ho'omaluhia £lood control
dam and reservoir to impound the combined flow of Kamooalii, Kuou,
Piho, Hooleinaiwa, and Halekou Streams (but not Luluku Stream).
[Figure 2 and Plate 1] During this three year period, dry
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TABLE 1
APPROXTMATE HIGHEST ELEVATION OF PERENNIAL, FLOW
FOR KAMDOALII STRFAM AND TRIBUTARIES

Highest Elevation of

Stream Perennjal Flow Data Source

Luluku Above 700°' Ref. 33, Plate 3
Kuou Under 300 Ref. 6, Ref. 44
Piho Under 300' Ref. 44
Hooleinaiwa Under 300 Ref. 44
Halekou Under 250°' Ref. 33, Plate 3
Ramooalii Above 700' Ref. 43

Hote: Elevations are estimated by VIN Pacific from USGS maps.

weather stream flow was occasionally artifically interrupted.
Completion of the Ho'omaluhia dam and reservoir in November 1980
has affected peak discharge, but not dry weather flow, of
Kamooalii Stream. The reservoir surface elevation is normally
kept at an elevation of 160 feet, [Plate 15] Water normally
exits from the reservoir by spilling into a vertical outlet tover
which is connected by a conduit beneath the dam to a flume
designed to reduce water velocity. [Plate 16] During unusually
heavy storms, an energy dissipating spillway carries flood water
out of the reservoir. [Ref. 20, pp. 1-2]

As part of Ho'omaluhia Park, the Corps also impounded Hooleinaiwa
Stream to form a wildlife pond. [Figure 2 and Plate 17]
Excavation of a swampy area for the wildlife pond may have
increased seepage of ground water into Hooleinaiwa Stream.

In 1948, the 48l1~foot BWS Luluku Tunnel (DOWALD No. 2349-01) was
constructed near Luluku Stream at an altitude of 530 feet in order
to develop dike-impounded ground water for domestic use. [Figure
2] Leakage from Luluku Tunnel flows into Luluku Stream. [Plate
4] However, the Luluku Tunmel is believed to have diverted some
of the dike confined ground water which formerly discharged into
Luluku Stream. [Ref. 31; Ref. 33 PP. 66, 67, 110]
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PLATE 16

HO’OMALUHIA DAM OUTLET
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Because the BWS Haiku Tunnel (DOWALD No. 2450-01) at an elevation
of 550 feet is connected to the same transmission main as the
Luluku Tunnel, for several decades higher pressure water from the
Haiku Tunnel partially blocked Luluku Tunnel water from entering
the BWS system. ‘Since 1978, the BWS has used a back pressure
valve to restrict the flow of water out of Haiku Tunmel. As shown
in Table 2, the back pressure valve has increased average anmual
yield from the Luluku Tunnel by over 0.5 mgd. This probably has
reduced leakage from the Luluku Tunnel which fed Luluku Stream.

TABLE 2

LULUKU TONEEL YIELD

Fiscal Year _ Mean Yield jin MGD
1982 ' 0.75
1981 0.78
1980 0.74
1979 0.54
1978 0.45
1977 0.18
1976 0.25
1975 0.17
1974 0.11
1973 0.21
1972 0.21

Note: The BWS purchases Luluku Tupnnel water from
Kaneohe Ranch.

Source: BWS

In 1955, the BWS drilled two free-flowing artesian wells near Kuou
Stream at original ground elevations of 282 feet (DOWALD No. 2348-
02) and 295 feet (DOWALD No. 2348-03). [Ruou I Wells in Figure 2]
Although drilled into different dike compartments, both wells
initially had a static head of 310 feet. Development of these
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wells was observed to have dried up nearby springs at an elevation
of about 310 feet which formerly contributed to the flow of Kuou
Stream. Installation of a pump to increase maximum yield of the
mauvka well to 2 mgd in 1975 (accompanied by capping of the makai
well) probably further reduced the base flow of Kuou and Ramooalii
Streams. [Ref. 6]

Apart from the Luluku Tunnel and mauka Kuou I well, there are
currently no other water development facilities and no kmown
diversions of stream flow for irrigation in the watershed of
Kamooalii Stream and its tributaries. However, it should be noted
that in 1983, the State Department of Transportation (DOT) drilled
8 shallow alluvial Halekou Interchange Relief Wells in alluvium
and ash from nearby vents of the Honolulu volcanic series (No
DOWALD Number). [Figure 1] These wells tap perched artesian
ground water which seeps into Halekou and Kamooalii Streams.
While the BWS is not committed to their use, it would be possible
to pump up to 0.75 mgd for irrigation from the two remaining
Halekou Relief Wells that have not been sealed. The BWS would
prepare an Environmental Assessment pursuant to Chapter 343, HRS,
before developing water from these wells.

3. Stream Flow Measurements. From February 1914 to June 1916,
the United States Geological Survey (USGS) intermittently
monitored stream flow in Kamooalii Stream, its tributaries, and
several irrigation ditches which diverted most base stream flow.
Between 1959 and 1962, the USGS took several instantaneous
measurements along Kamooalii Stream and its tributaries to show
stream gain on days when ground water supplied all of stream base
flow. USGS data and measurement points are summarized in Figure
2. Between January 1959 and October 1963, ard from November 1965
to January 1980, the USGS operated a lomg—term gage om Kamoocalii
Stream at an elevation of 39 feet. [Station 84 on Figure 2]
Between April 1967 and September 1970, and between January 1972
and September 1976, the USGS operated a gage on Kamooalii Stream
(below inflow from Kuou Stream) at an elevation of 118 feet.
[Station 72 on Figure 2] Between July 1967 and September 1971,
the USGS operated a gage on Luluku Stream at an elevation of 220
feet. [Station 78 on Figure 2] And since November 1976, the
USGS has opqrated a gage on Kamooalii Stream (below inflow from
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Luluku Stream) at an elevation of 116 feet. [Not shown on Figure
2] [Ref. 27, Ref. 28, Ref. 29, Ref. 30, Ref. 32, Ref. 33]

Between 1914 and 1916, monthly mean f£low into the area of the
Ho'omaluhia wildlife pond has been as low as 0.16 mgd. [Table 3]
Between October 1967 and September 1976, monthly mean flow into
the area of the Ho'omaluhia reservoir has been as low as 2.44 mgd,
and daily flow has been as low as 2,00 mgd. [Table 4] Between
October 1967 and September 1971, monthly mean flow ian Luluku
Stream has been as low as 0.49 mgd, and daily flow has been as low
as 0.37 mgd. Since 1980, all flow has been occasionally diverted
with a 0.14 mgd pump. [Table 5] Below inflow from Luluku
Stream, the dry weather gain of Kamooalii Stream in 1977 averaged
0.61 mgd but dropped as low as 0.13 mgd. [Table 6]

TABLE 3

MONTHLY MEAN FLOW OF HOOLEINATWA STREAM AT 195 FEET (MGD)

Fiscal
Year July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June

1914 NA NA NA NA NA NA NA 0.48 0.38 0.56 0.78 0.54
1915 0.57 0.50 NA 0.62 0.73 0.62 0.35 0.30 0.30 NA 0.33 0.30
1916 0.29 0.16 0.22 0.25 0.81 0.52 NA 1.03 NA 0.60 0.54 0.51

Notes: 1. NA means not available.

2. The minimum flow observed was 0.l mgd on September 13,
1915,

3. The measurement station is about 400 yards above the
junction with Kamooalii Stream at the mauka edge of
what has become the Ho'omaluhiaz Park wildlife pond.

Source: Ref. 28, pp. 128-9
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TABLE &
DRY WEATHER FLOW OF KAMDOALII STREAM AT 118 FEET (MGD)

Fiscal Year Annual Lowest Monthly Lowest

Beginning Octobexr Mean Flow Mean Flow Daily Flow
1967 12,79 mgd 4.13 mgd 3.55 mgd
1968 11,75 mgd 4.78 mgd 3.81 mgd
1969 4,97 mgd 3.40 mgd 3.23 mgd
1970 NA NA NA
1971 NA 3.44 ngd 3.04 mgd
1972 3.16 mgd 2.44 mgd 2,20 mgd
1973 6.46 mgd 2.87 mgd 2.00 mgd
1974 6.17 mgd 2.54 mgd 2.39 mgd
1975 3.77 mgd 2.60 wgd 2,39 mgd

1. The minimum flow observed was 2.00 mgd on 10/10/73.

2. The measurement station is about 100 feet below inflow
for Kuou Stream and is shown as Station 72 on Figure 2
of this EIS. The station measures all £low into what
has become the Ho'omaluhia flood control reservoir.

Source: Ref. 30, Ref. 32

TABLE 5
DRY WEATHER FLOW OF LULUKU STREAM AT 220 FEET (MGD)

Rotes:

Fiscal Year Annpual Lowest Monthly Lowest
Beginning October Mean Flow Mean Flow Daily Flow
1967 1.23 mgd 0.54 mgd 0.48 mgd
1968 1,38 mgd 0.76 mgd 0.44 mgd
1969 0.83 mgd 0.49 mgd 0.37 mgd
1970 1,36 mgd 0.66 mgd 0.46 mgd

Notes: 1, Since 1980, all £low is sometimes diverted with a 0.14
mgd pump.
2. The measurement station is about 0.5 miles above the
junction with Kamooalii Stream and is shown as
Station 78 on Figure 2 of this EIS.
Source: BRef. 30, Ref. 32, Ref. 49
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TABLE 6
DRY WEATHER CATN OF KAMODOALII STREAM
BETWEEN 116 FEET AND 39 FEET (MGD)

Monthly _Calenday 1977

Mean Flow Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Ave
IR T . i IREIR IR - - Dz
At 116 Ft 2.62 2.83 3.29 7.62 8.40 6.78 4.31 3,81 3.25 2.92 3.34 2,95 4.35
At 39 Ft 2.94 3,12 3.68 9.56 9.50 7.88 4.66 4.21 3.67 3.22 3.71 3.39 4.96
Net Gain  0.32 0.29 0.39 1.94 1.10 1.10 0.35 0.40 0.42 0.30 0.37 0.44 0.61
Lowest

Daily Flow

S N N N

At 116 Ft 2.45 2,20 2.45 4.13 4.13 4.52 3.75 3.23 2,91 2.65 2.65 2.32
At 39 Ft 2.58 2.45 2.58 4.26 4.46 4.84 4.07 3,75 3.36 2.91 3.10 2.71
Net Gain  0.13 0.25 0.13 0,13 0.33 0.32 0.32 0.52 0.45 0.26 0.45 0.39

Hotes: 1. RKamooalii Stream at 116 feet is an existing USGS gage about
300 feet below inflow from Luluku Stream,

2. Kamooalii Stream at 39 feet is about 500 feet upstream from
Kamehameha Highway and is shown asg Station 84 on Figure 2 of
this EIS.

3. On March 27, 1978, construction of the Ho'omaluhia dam briefly
reduced the instantaneous flow of Kamooalii Stream to 0.39
mgd at 116 feet and 0.65 mgd at 39 feet.

Source: Ref. 32

EEER RN NN : -4 BRI .

G. HO'OMALUHIA PARK

In conjunction with and immediately mauka of a flood control dam and
reservoir on Kamooalii Stream, the Army Corps of Engineers recently
completed the core facilities for Ho'omaluhia. Park. As planned by the
Corps and the County Department of Parks and Recreation, Ho'omaluhia
Park will be oriented towards low-intensity outdoor recreation
including camping, hiking, fishing, and horseback riding., Sinpce mid-
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1980, the County has assumed responsibility to operate and maintain
flood control and related park improvements.

There currently are two major man-made water related facilities in
Ho'omaluhia Park. A reservoir with 26 acres of water surface and an
average depth of 10 feet was created mauka of a 2,200 foot-long dam
across Kamooalii Stream, and a wildlife pond with 1.5 acres of water
gurface and an average depth of 4 feet was created in a former swamp
bordering Hooleinaiwa Stream. [Plate 15 and Plate 171  Both bodies
of standing water are fed by rainfall and surface stream flow, and
both are confimed by relatively impermeable clay soils and alluvium.
Ground water seeps may also feed the wildlife pond. [Ref. 19, Ref.
20, Ref. 21, Ref. 22]

Figure 2 shows the location of the reservoir and wildlife pond
relative to USGS measurements of base stream flow befoxe these
facilities were comstructed. It should be kept in mind that an acre-
foot of water is equivalent to 0.3 million gallons.

Because of high levels of coliform bacteria, the Ho'omaluhia reservoir
will not be used for swimming. Channel catfish have been successfully
released in the reservoir. Recreational fishing and additiomnal
stocking of catfish have been postponed until after construction of
the H-3 Freeway. This is because it may become necessary to drain
both the Ho'omaluhia reservoir and wildlife pond to remove siltation
resulting from construction of the H~-3 Freeway and possibly the
proposed Iolani School residential subdivision (if this project
receives necessary permits). [Ref. 41] )

Koloa ducks have been released by the DLNR Forestry and Wildlife
Division at the Ho'omaluhia wildlife pond and have established small
breeding populations at both the pond and the reservoir. Similar
recovery programs for other endangered endemic waterbirds are being

considered. [Ref. 41]

Over the next few years, the County Department of Parks and Recreation
and the non-profit Ho'omaluhia Aquaculture/Agriculture Cooperative
hope to jointly sponsor construction of several demonstration
aquaculture ponds along Kamoocalii Stream. [Figure 2] The ultimate
gize of aquaculture facilities will probably be less than an acrxe.
Stream water will be piped to the ponds, and pond effluent will be
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used to irrigate taro. Small tank reservoirs are plamned to ensure a
steady supply of water during times of low stream flow. [Ref. 41]

H. STIREAM FAURA

Hawaii's endemic stream animals include five species of fish {o'opu),
twvo species of shxrimp (o'pae), and one species of mollusk (hihiwai).
(One other native species of fish and one other native species of
mollusk occur naturally elsewhere in the Pacific Basin.) In addition
to the native aquafauna, at least fifteen introduced species of fish
and two introduced species of crustaceans are commonly found in
Hawaiian streams. While the endemic species live and spawn in fresh
water, hatchlings from their eggs must spend a period of development
in the ocean and then migrate upstream. There is no evidence that
Hawaii's endemic diadromous stream animals are capable of "homing" on
their natal stream after undergoing development in the ocean. The
introduced Tahitian prawn has a similar life cycle, but its larvae can
develop in brackish stream estuaries.

Man-made alterations of stream channels can eliminate stream habitat
and create barriers to upstream migration of endemic species,
Reduction of base stream flow by water development projects also can
create conditions such as crowding and warmer water which favor
introduced species. [Ref. 12, pp. 27-30; Ref. 26, pp. 6-14] The
entire flow of Kamooalii Stream and its tributaries Kuou, Piho,
Hooleinaiwa, and Halekou currently is impounded within a 26 acre
reservoir by the Ho'omaluhia Park flood control dam. Water exits
from the flood control reservoir through a vertical outlet towver.
After leaving the flume at the base of this tover, Kamooalii Strean
flows into its natural channel and is joined by another tributary,
Luluku Stream. Parts of Luluku Stream, parts of lower Kamooalii
Stream, and over one~fourth of Kaneohe Stream (to which Kamooalii is
tributary) have been channelized.

Prior to construction of the Ho'omaluhia flood control dam, one
endemic species of shrimp (Atya bisulcata) was abundant and one
endemic species of fish (Awaous stamineus) was common mauka of the
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dam site in Kamooalii Stream. The same endemic species of shrimp was
also common im Luluku Stream, but no endemic species of £fish was
present. At low elevations in Kaneohe Stream, another endemic species
of shrimp {Macrobrachium grandimanus) was abundant and another endemic
gpecies of fish (Eleotris sandwicensis) was COmmOI. None of these

S A e tin

andemic species is comsidered rare OT endangered. Limnological

gurveys prior to the flcod contrel dam also found abundant populations
of the common native pond snail (Melanig sp.) and & variety of

introduced species including crayfish {(Procambarus elarkii), mosquito-
fish (Gambusia affinis), mollie (Poecilia mexicana), BUPPY (Poecilia

reticulata), and gwordtail (Xiphophorus helleri) in various partsa of

Kamooalii and Luluku Streams. Tahitian prawn (Macrobrachium lax) was
abundant in upper Kamooalii Stream, but not present in Luluku Stream.
[Ref. 12, p. 125; Ref. 26, pp- 7, 111

Between March and May 1979, during construction of the Ho'omaluhia
£lood control dam, a stream fauna survey for this EIS found no endemic
species of fish makai of the dam site in Kamooalii Stream. Otherwise,
there was little change in the fauna present in Luluku Stream and
jower Kamooalii Stream. [See Appendix -B]  Absence of endemic fish
probably was due to construction-related jnterruption of stream flow
jn combimation with siltation from construction of the dam. Hence,
siltation from the future construction of the E-3 Freeway may again
cauge the tempoxary abgsence of endemic fish below the dam jin Kamooalii

Stream.

Tn August 1983, the endemic o'opu nakea (Awaous stamineus) was common

and both common and red tilapia (Tilapia mosgambica) were abundant in
Kamooalii Stream {mmediately mauka of the Luluku Road bridge. (This
bridge is about 1,000 feet upstream of Sampling Station 2 on Page B~
10.) No endemic species of fish was present in Luluku Stream. [Ref.
48] The red tilapia observed is a hybrid recently introduced in
Hawaii for commercial aquaculture.

According to the Supplemental Environmental Statement for the
Ho'omaluhia flood control dam,

Based on knowledge of the existing fauna, the U.S. Fish and
Wildlife Service concluded that existing fish and wildlife
resources should not be adversely affected. The gobies and
other £ish mow present in the stream can be expected to transit
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the uncontrolled outlet pipe and maintain their stock in the
stream. Within the areas of the reservoir, their population
will be controlled by competition with any fish introduced
there for pole and line argling.... the rise in stream
temperature below the dam, during periods of low flow, should
not exceed 1.5 degrees fahrenheit. [Ref. 19, pp.10, 11]

However, this assessment has turned out to be incorrect. The vertical
tower by which water exits from the Ho'omaluhia reservoir is a total
barrier to upstream migration of juvenile Awaous stamineus and
Macrobrachium lar and will eventually lead to the complete absence of
these species mauka of the f£lood control dam. This may also be the
case for Atya bisulcata, even though they are capable of climbing up
algae on the face of waterfalls. The reason is that there is no light
for algae to grow in the middle of the covered vertical outlet tower.

[REf- 37]

Water temperatures are typically higher at the surface than at the
bottom of reservoirs. Consequently, the water skimmed off the suxface
of the Ho'omaluhia reservoir by the vertical outlet tower is warmer
than normal stream flow. It is conceivable that the reservoir has
caused an increase in the temperature of Kamooalii Stream. One set of
measurements taken before and after construction of the dam show a &
degree fahrenheit increase (although unrelated factors might be
involved). [Table 7] While endemic stream fauna can survive
temporary exposure to temperatures as high as 90 degrees fahrenheit,
warmer stream temperatures favor growth and reproduction of introduced
species which compete with and prey on endemic species. [Ref. 12,
Part C]

TABLE 7
LOW FLOW KAMDOALIT SYREAM TEMPERATURES AT 116 FEET

Instaantaneous Average Flow Instantaneous
Date Flow For Month Temperature
9/21/77 2.78 mgd 3.25 mgd 77.9° F
9/30/81 3.17 ugd 3.51 ngd 82.0° ¥

Note: The Ho'omaluhia dam was built between 1977 and 1981.
Source: Ref. 32
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About 1,500 channel catfish (Ictalurus punctatus) were introduced in
the Ho'omaluhiz reservoir in 1981 and are thriving in the warm water.

Juvenile catfish have been observed in the conduit carrying water
from the wildlife pond. [Ref. 38; Ref. 41] Channel catfish reach
their maximum rate of growth with water temperatures between 86 and 93
degrees fahremheit. [Ref. 12, Part C, P 31]  Although channel
catfish spawn with water temperatures as high as 75 degrees
fahrenbheit, juvenile catfish require three months of water
temperatures less than 70 degrees fahrenheit in order to mature.
[Ref. 47] Therefore, catfish probably are breeding in streams and
in cool water near the bottom of the reservoir.

I. WEILANDS AND WATERBIRDS

In 1900, as a result of extensive rice and taro production, the
Kaneohe Bay Region contained an estimated 1,300 acres of wetlands. By
1968, because of urbanization and the decline of wetland agriculture,
it is estimated that only 222 acres of wetlands remained in the
watershed of Kaneohe Bay. [Ref. 26] Apart from recent man-made
wetlands in Ho'omaluhia Park, there are no significant wetlands fed by
Kamooalii Stream or its tributaries. Neither the 1977 Hawaiian

Waterbirds Recovery Plan nor the 1977 Corps of Ergineers

Ornithological Survey of Hawaiian Wetlands mention the existence of
waterbird habitat along Kamooalii Stream or its tributaries. [Ref. 2,

Ref. 15, Ref. 17]

There are four endemic species of waterbirds in Hawaii: Hawaiian or
Koloa duck (Anas wyvilliana), Hawaiian stilt (Himantopus mexicanus
knudseni), Hawaiian gallinule (Gallinula chloropus sandvicencis), and
Hawaiian coot (Fulica americana alai). All four species are included
in the U.S. Fish and Wildlife Service list of endangered species. One
other species of waterbird is native to Hawaii: the black-crowned
night heron (Nycticorax nycticorax hoactli). Although relatively

uncommon in Hawaii, it has a wide distribution in North and South
America. [Ref. 17]
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In April 1982, 38 Koloa ducks were released at the Ho'omaluhia
wildlife pomrd, of which about a dozen have taken up permanent
residence either at the pond, Ho'omaluhia reservoir, or Kamooalii
Stream. Koloa ducklings have recently been observed at both the
wildlife pond and reservoir. [Ref. 36, Ref. 41] Hawaiian
gallinules, Hawaiian coots, and black-crowned night herons have been
occasionally observed at the pord and reservoir but are not thought to
have established breeding populations. [Ref. 41]

J. AGRICULTURAL USE OF SURFACE WATER

Shiroma Farm has a Small dam across Luluku Stream and inserts a pump
intake when water is necessary for irrigation of an apple banana
orchard. The Shiromas have been pumping water from Luluku Stream as
needed for about the past 15 years. Im 1980, Shiroma Farm purchased
a larger 100 gpm (0.144 mgd) pump. When using this pump, the Shiromas
sometimes dry up Luluku Stream below their dam. This was not the case
before 1980. (Probably, this is due to reduced stream £low after an
increase in BWS water withdrawal from the Luluku Tunnel.) The
Shiromas now run. their pump for as long as 8 hours per day during the
summer. [Ref. 49}

There are no other known agricultural diversions of water from
Kamooalii Stream and its tributaries. [Ref. 13, Ref. 32, Ref. 49]
Cne banana farm uses unmetered water from the Luluku tunnel pipeline
for pesticide application. The BWS also provides water from the mauka
Kuou I well without charge to one banana farmer because the Kuou I
wells dried up nearby springs which formerly were used for pesticide
application. [Ref. 40, Ref. 49]

Some apple banana farms in the watershed of Kamooalii Stream and its
tributaries may be partially irrigated by ground water seeping to the
surface. Unfortunately, it is not possible to evaluate the extent or
importance of such seepage. Banana groves near the headwaters of
Luluku Stream and groves below an elevation of 300 feet are most
likely to have some benefit from dry-~weather ground water springs.
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K. AGRICULTURAL USE OF PESTICIDES

Apple bananas raised in the watershed of Kamooalii Stream and
tributaries currently do not need subsurface application of
pesticides. The banana root borer which has infested the Waimanalo
area of Oahu is not yet present ir the Luluku area, Nematicides are
the only way to comtrol this insect. Even when the bamana root borer
is not present, nematicides must be regularly used when varieties of
bananas such as Williams are cultivated.

There currently is minimal risk of peaticide contamination of the
ground water sources being developed. However, this might not be the
case if the banana root borer attacked apple banana orchards in the
project watershed, or if other varieties of bananas were cultivated,

and farmers had to use nematicides.

L. VEGETATION AND WILDLIFE

Botamical and biological reconnaissance surveys for Ho'omaluhia Park,
the H-3 Freeway, and the proposed Iolani School residential
development have not found any rare or endangered endemic species of
pPlants or birds in the project area. Common introduced species of
plants and birds predominate throughout the area. [Ref. 1, pp. 3-25
to 3-33; Ref. 3, Appendices C and D; Ref. 19, p. 9; Ref. 34, Volume
III Appendices 4{c) and 4(d)] '

M. ARCHAEOLOGICAL FEATURES

Archaeological reconnaissance surveys within Ho'omaluhia Park and
around the proposed H-3 right-of-way did not uncover any
archaeological features in the vicinity of either the Ruou II or the
alternative Ramooalii I sites. [Ref, 1; Ref. 35, Volume V Appendix H]
A reconnaissance survey for this EIS did not uncover any
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archaeological fatures at either the Luluku or alternative Kamooalii
II sites. [See Appendix C] However, archaeological monitoring is
considered necessary during any soil disturbing activities at the
Luluku and Kamooalii I (Alternate) well sites.

H. AIR QUALITY AND NOISE

There are no existing significant sources of air pollution or noise
near the Kuou II, Kamooalii I, and Kamooalii II well field gites. The
Luluku site is next to Likelike Highway and is subject to vehicular
emigssions and noise. When the H-3 Freeway is built, the Kuou II site
will also be subject to vehicular emissions and noise. Both Ramooalii
T and Kamooalii II Alternate sites are within an area proposed for
residential development by Iolani School. '

0. HATURAL HAZARDS

There are no known natural hazards at the well field sites. According
to County Flood Insurance Rate Maps, the entire project area is
designated Zone D, which is an area of undetermined, but possible,
£lood hazard. [Ref. 25] While the well sites are probably not
subject to significant £looding, in order to bring the Kamooalii I and
Kamooalii II well fields into production, some of the options for
roads and transmission mains cross Kamooalii Stream and some of its
tributaries. Bridges will probably be used across stream beds.
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1IT. ENVIRONMENTAL IMPACTS AND MITIGATIOR MEASURES

A. PROJECT SITE

Structures, fences, and access roads will be built in areas that
presently are open Bpace. Landscaping and unobtrusive designs will be
used to mitigate visual impacts of new BWS facilities. Electrical and
telephone lines will be underground within Ho'omaluhia Park to avoid
visual impacts, but utility companies will install elevated systems
outside the park.

Existing vegetation at the well field and reservoir sites, access road
routes, and pipeline routes will be removed. However, only common
plant species will be affectede In order to minimize adverse effects
to landscaping in Ho'omaluhia Park, the BWS will negotiate appropriate
pipeline routes and reservoir sites with the County Department of

Parks and Recreatione.

Proposed facilities will allow the BWS to take'over water supply for
Ho'omaluhia Park and phase out a reservoir and pumps operated by the
Parks Department. The new BWS access road from Ho'omaluhia Park to
the Kamooalii I well £ield will allow horses to use an "equestrian
underpass” planned under the H-3 Freeway.

Tt is unlikely that Hawaiianm artifacts are present in areas where
grading and construction will take place for the well fields. The BWS
will commissior archaeological reconnaissance surveys when planning
accegs roads, water transmission mains, utility lines, and reservoirs
outside Ho'omaluhia Park. BWS contracts for drilling of the Luluku
and Kamooalii II (Alternate) wells will require archaeological
monitoring during any soil disturbing activities. If any cultural
materials are encountered during comstruction of BWS facilities, then
construction will stop and the BWS will notify the DLNR Historic Sites

Office.

Construction-related impacts such as dust and erosion will be
minimized by standard mitigation measures. Exosion will be controlled
by limiting the cut areas and by landscapinge Grading for and erosion
from construction of BWS facilities will be negligible compared to
that resulting from construction of the H-3 Freeway. Dust will be
controlled by sprinkling as required. Construction noise within
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Ho'omaluhia Park will occur only during daylight hours Monday to
Friday. Contractors will maintain their equipment to minimize noise
and exhaust emission in compliance with DOH codes.

B. AGRICULIURE

The Luluku well field will remove about 0.25 acres of apple bananas
from production. The family farmers affected will also lose about 10
acres of their 35 acres of banana orchards as a result of construction
of the H-3 Freeway. It is uncertain at this time whether their
remaining 25 acres will be sufficient for a viable operation. [Ref.
40] They also are faced with an evictiom notice from Iolami School,
as are the other apple banana farmers in the project watershed. If
they remain in business and are not evicted, then they will be
compensated for loss of productive acreage due to BWS actions. At
this time, it is not resolved whether apple banana farmers will be
compensated for loss of productive acreage due to pOT actions.

The Kamooalii Watershed Wells are very unlikely to adversely affect
any agricultural use of stream water or the feasibility of aquaculture
ponds proposed along Kamooalii Stream. The dry-weathexr flow of
Luluku Stream (which is used for irrigatiom of bananas) and the dry-
weather flow of Kamooalii Stream (which is proposed for use in
aquaculture ponds) originate at much higher elevations than proposed
well fields.

Proposed wells may reduce seepage of ground water into Luluku-area
banana groves. Unfortunately, it is not possible to evaluate either
the importance of such seepage or the extent to which it might be

reduced.
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C. STREAM FLOW

Since ground water is the source of the base flow of Kamooalii Stream
and its tributaries, removal of ground water potentially could reduce
stream flow. The degree to which water withdrawal from the Kamooalii
Watershed Wells would affect Kamooalii Stream is very difficult to
predict since the relationship between stream flow and ground water is
very complex. There are five basic ways that a well in a dike
compartment could reduce stream flow:

1) 1f a dike compartment tapped by a well directly overflows to a
stream, and if the well lowers the dike reservoir water level
below the discharge point, then an jmmediate reduction in stream
flow would occur. This effect could be anticipated if the well is
close to the stream and the water level (static head) in the well
prior to pumping is at a slightly higher elevation relative to a
nearby spring or point of water gain within the stream bed.

2) A dike compartment that is tapped by a well might not directly
discharge to a stream, but it might overflow into other dike
compartments which at some lower point discharge into a stream.
If this overflow is intercepted by the well, then the lower dike
compartments might not have excess water to discharge to the
stream. The well could thus reduce or eliminate a point of stream
gain at an elevation below the static head of the well. This
effect may not be detected by gtandard test pumping procedures but
might show up only after a long period of drawdown in the dike
compartment.

3) There is little evidence that streams in Roolaupoko receive
direct discharge from dike compartments below an elevation of 250
feet. While a dike compartment that is tapped by a well might not
" directly discharge to a stream, the compartment might overflow
into alluvium, colluvium, and volcanic ash which at some lower
point discharge into a stream. If this overflow is intercepted by
the well, then the well could reduce or eliminate a point of
stream gain at an elevation below the static head of the well.
This effect may not be detected by standard test pumping
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procedures, but might show up only after a long period of drawdown
in the dike compartment.

4) The previous three avenues of impact to stream flow are based
on the idea of water overflowing the top of a dike compartment.
However, water also flows through dikes. The amount of this
leakage is & function, among other things, of the water preasure
in dike compartments. If a well lowers the head in a dike
compartment, then there would be less pressure and less water
would leak out. If this leakage shows up as a spring, then the
flow of the spring would be reduced.

5) 1In cases where water flows through dikes, if a well lowered
the water level in one dike compartment, then there potentially
could be greater leakage from adjacent ("upstream") compartments.
Other things being equal, if two dike compartments are
hydraulically connected, thern the leakage between them will be
proportional to their difference in head. Hence, it theoretically
is possible for a well to increase leakage out of "upstream" dike
compartments and thus reduce dike reservoir discharge into streams
above the static head of the well. However, given the complexity
of prismoidal dike reservoirs, it is much more likely for a high
level well to affect stream base flow below rather than above the
static head of the well.

Unlike wells, water development tunnels typically drain many dike
compartments and can have far-reaching effects on springs and stream
flow above the elevation of the tunnel. For exzample, some
hydrologists believe that the Haiku Tunnel reduced the base flow of
Kahaluu Stream, 2-1/2 miles away. [Ref. 33, p.70] However, this
conclusion was based on inadequate short term data.

The dynamics of ground water movement in the watershed of Kamooalii
Stream are nmot well enough understood to predict the amount of stream
flow reduction that might occur with a given rate of water withdrawal.
Nevertheless, it is possible to estimate a worst—case loss of stream
flow on the basis of the following assumptions: T
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1) Dike compartments discharging into Kamooalii and Luluku
Streams above an elevation of 500 feet have a poor hydraulic
connection with dike compartments in which the proposed well
fields would be located.

2) The proposed wells will all have static heads higher than the
Kuou I wells (i.e. higher than 310 feet).

3) Many dike compartments in the watershed of Kamooalii Stream,

including but not limited to the proposed well field sites, leak
ground water into dike compartments underneath Ho'omaluhia Park.

4) Dike compartments underneath and immediately mauka of
Ho'omaluhia Park leak ground water into dike compartments makai of

Ho'omaluhia Park.

5) Dike compartments underneath and immediately mauka of
Ho'omaluhia Park overflow when the rate at which ground water
enters them exceeds the rate at which ground water leaks out of

them.

6) The source of dry weather flow in Kuou, Piho, Hooleinaiwa, and
Halekou Stresms and dry weather gain in the flow of Ramooalii
Stream is ground water overflowing dike compartments and seeping
to the surface through water bearing alluvium, volcanic ash, and

weathered rock underlying Ho'omaluhia Park.

7) Seepage from the Ho'omaluhia reservoir through the Ho’maluhia

dam is negligible.

Using these assumptions, the worst—case long-term dry-weather impact
of maximum pumping of the BWS Ramooalii Watershed Wells would be to
eliminate most seepage of ground water into Kamooalii Stream and its
tributaries below an elevation of 300 feet. Reduction of stream flow
has the potential to increase water temperature, but should not affect
water quality. Luluku Stream would probably not be affected because
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it gains almost no base flow below an elevation of 520 feet. [Figure
21 However, in the worst possible case, all flow into the
Ho'omaluhia wildlife pond would be eliminated, £flow into the
Ho'omaluhia aquaculture ponds and reservoir would be reduced to less
than 0.3 mgd, and Ramooalii Stream flow at &amn elevation of 39 feet
(above inflow from Anclani Stream) would be reduced to less than 0.8
mgd. The actual reduction in base stream flow is likely to be less
than this worst-case model, and conceivably could be minor, but can
not be determined without long-term flow measurements after the BWS
Kamooalii Watershed Wells are put into production.

In order to determine the potential for immediate impacts on base
stream flow, the BWS will contract with the U.S. Geological Survey
(USGS) for short-term monitoring of the flow before, during, and after
test-pumping of exploratory wells within the watershed of Kamooalii
Stream. The USGS will be respomsible for selecting appropriate
monitoring sites. In order to determine the potential for long-term
impacts on base stream flow, the BWS will rely on data from an
existing USGS gage on Kamooalii Stream at an elevation of 116 feet,
below inflow from Luluku Stream. The BWS will also depend upon staff
of Ho'omaluhia Park to point out any occasions when there is no water
flow from the outlet of the Ho'omaluhia wildlife pond (which impounds
Hooleinaiwa Stream). If test-pumping of exploratory wells causes
immediate impacts on Luluku Stream, then the BWS will negotiate with
the USGS to establish a permanent gage on Luluku Stream. If the dike
reservoir penetrated by the Luluku well field is hydraulically
connected with a higher dike reservoir which discharges into Luluku
Stream, then pumping of these wells might affect strxeam flow.
However, this probably will not be the case since no springs have been
observed at the well field site and because the stream gains almost no
base flow below an elevation of 520 feet.

Act 185, SLE 1982 (Chapter 176D, HRS), assigned responsibility to the
State Department of Land and Natural Resources (DLNR) to promulgate
ip-stream flow standards for windward Oahu streams. At this time,
because of low stream environmental quality, it is not resolved
whether the DLNR will establish minimum £low standards for Kamooalii
Stream and its tributaries. Regardless, the BWS intends to monitor
gtream flow and reduce pumpage from its wells as necessary to meet any
minimum £low standards that the DLNR may establish.
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The possibility exists that the amount of ground water that could be
developed by the proposed wells will substantially exceed any
reduction in dry weather stream f£flow. In such an event, another
approach to maintaining stream flow would be to pump water from the
Kamooalii Watershed Wells into Kamooalii Stream or one of its
tributaries mauka of Ho'omaluhia Park. This kind of engineering
solution would have an immediate effect on stream flow whereas there
could be a substamtial lag between a reduction in well pumpage and an
increase in spring-fed stream flow. From the standpoint of
temperature, water quality, and dissolved oxygen, it makes little
difference whether ground water enters a stream from a well or natural
spring.

Pending adoption of in-stream flow standards, the BWS is committed to
preserving enough stream flow to maintain existing water levels in the
1.5 acre Ho'omaluhia wildlife pond and the 26 acre Ho'omaluhia
reservoir. Since the rate of seepage out of the wildlife pond and
flood comtrol reservoir is mot known, it is not possible to precisely
quantify necessary stream flow. If there were no seepage, then it
would only be necessary to replace about 0.010 feet/day in water
losses from evapotranspiration: about 0.005 mgd for the wildlife
pond, and about 0.09 mgd for the reservoir. [Ref. 33, p. 22]

While no measurements have been made, a crude visual estimate is that
about 0.7 mgd of water seeps from a granular drain at the toe of the
Ho'omaluhia dam and enters Kamooalii Stream. [Ref. 46] However,
observed seepage might originate from ground water seeping to the

‘surface beneath the dam rather tham from surface water in the

reservoir. The Corps of Engineers design memorandum for the
Ho'omaluhis dam indicated that laboratory tests of weathered alluvium
and tuff foundation materials found that their average coefficient of

permeability "K" was only 0.0l14 feet/day. [Ref. 21, p. 20] By
comparison,

Considering the results obtained from both field and
laboratory testing, a K value of ... [0.144 feet/day] was
selected for seepage design through the weathered alluvium and
tuff underlying the dam embankment. [Ref. 21, p. 30]

In other words, the Ho'omaluhia dam embankment is much less permeable
than the soils underlying the dam, and springs which formerly fed
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Ramooalii Stream in the area of the dam may now be redirected into the
drain at the toe of the dam. If this interpretation is correct, then
pumping of the BWS Kamooalii Watershed Wells could intercept ground
water presently seeping from the drain at the toe of the dam.

D. SIREAM FAUHA

Survival of channel catfish in the Ho'omaluhia reservoir is not
dependent upon perennial flow out of the reservoir. Provided that the
water level is maintained at 160 feet and that sediment from
construction of the H-3 Freeway does not smother the reservoir, the
reservoir is shallow enough that there should be ample dissolved
oxygen to avoid fish kills. The only other comparable reservoir on
Oahu is Lake Wilson in Wahiawa, which has had problems with £ish
kills. Discharge of treated sewage effluent into Lake Wilson has
resulted in an artificially high population of algae-fed fish and
apaerobic conditions about 6 to 10 feet from the surface. Fish kills
at Lake Wilson have been caused when lower water levels crowd £ish
into a smaller survival zone. [Ref. 9] Similar conditions would not
be found in the Ho'omaluhia reservoir.

Pending DLNR promulgation of minimum stream flow regulations,
reduction of dry-weather flow out of the Ho'omaluhia reservoir and
accompanying increases in stream temperature have the potential to
make it impossible for endemic diadromous species to survive in
Ramooalii Stream above inflow from Anolani Stream. Under existing
conditions, the middle reaches of Kamooalii Stream provide moderately
degraded habitat for ome common endemic species of fish and one common
endemic species of crustacean. [See Appendix B] Minimum £low
requirements for these species are not known. They were present ia
January 1977 when the mean monthly £flow of Kamooalii Stream (below
inflow from Luluku Stream) was 2.62 mgd and the lowest daily flow was
2.45 mgd. [Ref. 26, Ref. 32]
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E. WETLANDS AND WATERBIRD HABITAT

Waterbird habitat in the Ho'omaluhia wildlife pond and reservoir is
not dependent upon perennial f£low out of these wetlands. Endemic
waterbirds would not be affected if water temperatures approached air
temperatures. However, it is essential to maintain existing water
levels to prevent bullrushes and cat-tails £rom choking open water.
[Ref. 39] Provided that constant water levels are maintained, and
that the resevoir and wildlife pond are not smothered by sediment from
construction of the H-3 Preeway, there will be little risk of
stagnation or ipsufficient dissolved oxygem.

F. GROWTH AND LAND USE

' ppoduction of ground water for domestic use by the Kamooalii Watershed

Wells will accommodate, but not induce, development on Oahu. Net
population growth on Oahu is primarily due to resident birth rates and
the number of jobs om Oshu. Availability of water is & prerequisite
for new development but will not directly cause people to have more
children or create more employment opportunities.

While first priority for use of water from new windward BWS sources
will be to meet the need of windward Oahu, any excess water can be
exported to Honolulu. Water from the Pearl Harbor aquifer not needed
in Honolulu could then be used in gther parts of ieeward Oahu.

G. UNAVOIDABLE ADVERSE IMPACIS

No significant unavoidable adverse impacts will result from
construction of the Kamooalii Watershed Wells and ancillary production
facilities. However, long-term use of these wells could significantly
reduce the dry-weather base flow of Kamooalii Stream and tributaries.
The BWS is committed to maintaining sufficient stream flow to avoid
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adverse impacts toO vater-related facilities and waterbird habitat in
Ho'omaluhia Parke The BWS also will mounitor stream flow and take
appropriate measures to implement any minimum flow standards that the
DLNR may establish for Kamooalii Stream and tributaries.

H. COMMITMENT OF RESOURCES, FUIURE OPTIONS, ARD LONG-TERM PRODUCTIVITY

Non-renewable resources that will be committed to the project include
materials, labor, and land. Once production facilities are installed
gor the Kamooalii Watershed Wells, the BWS will be committed to using
them. BHigh level ground waterx in the Koolau Range is a renewable
resource. Water withdrawal will not exceed sustainable yield and
necessary measures will be taken to maintain any minimum stream flow

standards established Dby the State. -

I. GGﬂﬂEMﬂﬂ!LIHMJCHﬁSOFﬂHﬂIINBABﬂHEB'DﬂMSIS

Unless sufficient water is available to meet demand, the BWS will be
forced to deny hook-ups OF to not issue new water meters larger than
5/8%. Tn effect, this would impose a moratorium on most new
dévelopment and delay creation of housing called for in the Oshu
General Plan and the Hawaii State Plam.
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The proposed Ramooalii Watershed Wells and ancillary production
facilities will be in conformance with adopted land use plans amnd
policies, and also with conditions and standards imposed by applicable
land use controls. The following paragraphs describe significant plans,
policies, and controls as they relate to the project.

A. STATE PLAN AND STATE LAND USE CONTROLS

The Hawaii State Plan, enacted by Act 100, SLH l§78, indicates
legislative intent to:

Ensure that adequate support gervices and facilities are provided
to accommodate the desired distribution of future growth
throughout the State. (Section 226=5(b)(3), HRS)

Encourage the protection of rare or endangered plant and animal
species and habitats sative to Hawaii. (Section 226-11(b)(6),

HRS)

Promote the preservatiom and restoration of significant natural
and historic resources. (Section 226-12(b)(1), HRS)

Support water supply services to areas experiencing critical water
shortages. (Section 226-16(b)(5), HRS)

Facilitate the use of available urban jands to accommodate the
housing needs in various communities. (Section 226-19(b)(6), HRS)

Direct future urban development away from critical environmental
areas or impose mitigating measures go that negative impacts on

the environment would be minimal. (Section 226-104(c)(4), HRS)

Identify critical environmental areas in Hawaii to include but not
be limited to the following: watershed and recharge areas;
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wildlife habitats (on land and in the ocean); areas with
endangered species of plants and wildlife; natural streams and
water bodies; scenic and recreational shoreline resources; open
space and natural areas; historic and cultural sites; areas
particularly sensitive to reduction in water and air quality; and
scenic resources. (Section 226-104(c(5), HRS)

With respect to these State Plan policies, the Kamooalii Watershed
Wells will provide a portion of the water needed to accommodate
population growth indicated in the 1982 Oahu General Plam. Also,
appropriate mitigation measures will be used to ensure that the
project will not adversely affect rare or endangered species, natural
or historic resources, wildlife habitats, high quality pereamnial
streams, or scenic resources. A full discussion of impacts and
mitigating measures is contained in Chapter IIL. '

State land use controls to implement the State Plan are designated in
Section 226~52, Hawaii Revised Statutes. These are district boundary
c;assification by the State Land Use Commission (LUC) and Comservation
District Use Permits by the Board of Land and Natural Resources

. (BLNR). The LUC has four classes of land use: Urbam, Rural,

Agricultural, and Conservation. Pursuant to Sections 205-5, 183-4l,
and 46~4, HRS, the BLNR fegulates use of lands which the LUC has
classified within the Conservation District, while the counties
regulate land use in the other districts.’

All four proposed well fields and most ancillary production facilities
will be located on lands designated in the Gemeral subzone on subzone
maps of BLNR Administrative Rules Title 13 Chapter 2. Wells and
other facilities for water development are a "permitted use" within
the Genmeral subzome. The BWS will comply with the specific
application requirements of Title 13 Chapter 2 when developing
preliminary construction plans.
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B. STATE COASTAL ZONE MANAGEMENT PROGRAM

The State Coastal Zone Management (CZM) Law (Chapter 205A, HRS)
explicitly requires public agencies to protect the habitat of
waterbirds and diadromous stream fauna. The 1978 State CZM Program
document proposed that the State Department of Health (DOH) adopt
minimum stream flow regulations to protect coastal ecosystems. [Ref.
24, pp. 210-11} Because the DOH has not adopted minimum flow
regulations, Act 185, SLH 1982 (Chapter 176D, HRS), assigned
responsibility to the State DLNR to promulgate in-stream flow
standards for windward Oahu streams.

At this time, the DLNR has not made a specific proposal concerming
appropriate flow standards for any perennial stream in Hawaii.
Regardless, the BWS intends to monitor stream flow and reduce pumpage
from wells as necessary to meet any minimum flow standards that the
DLNR may establish for Kamooalii Stream and its tributaries. Pending
adoption of in-stream flow standards, the BWS is committed to
maintaining existing water levels in Ho'omaluhia Park wildlife pond
and £lood control reservoir. Thus the BWS will achieve compliance
with the Hawaii CZM Program by mitigating possible adverse impacts to
waterbirds and coastal ecosystems. :

C. COUNTY GENERAL FLAN AND ZONING

The Kamooalii Watershed Wells will develop water to accommodate growth
and development proposed in the 1982 Oahu General Plan. However, the
project will not in itself guide where population growth takes place
on Oahu. Implementation of County land use plans is primarily
achieved with zoning rather than with water supply because the BWS has
no legal mandate to use water supply as a tool to direct growth. In
the absence of any law or ordinance authorizing the BWS to refuse
service when water is available, the BWS is committed to meeting all

future demand.
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Parts of the alternative transmission majins from the Kamooalii
Watershed Wells may be located in the Uxbanm District on lands zomed R-
4 and R=5, and in the Agricultural District on lands zoned A-l.
Utility mains are a permitted use pursuant to the County Comprehensive

Zoning Code.
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¥. ALTERNATIVES TO THE PROPOSED PROJECT

There are a wide range of alternatives to the proposed project which to
varying degrees could fulfill the objective of meeting future water
demand. In brief, these alternatives are as follows:

A. NO PROJECT
B. ALTERNATIVE SITES

C. ISLAND-WIDE APPROACHES
1. Conservationm, Bulkheading of Tunnels, Controlling Leaks
2, Desalinization of Brackish Water
3, Exchanging Water with Agriculture
4. Using Nom-Potable Water for Landscaping
5. Trapping Storm Runoff
6. Taking Stream Water
7. Taking Agricultural Water
8, Increasing Water Prices

A. HO PROJECI

Over the next several decades, total Oahu water demand is projected to
increage to the point where the BWS will have to seriously explore all
feasible options. For this reason, the BWS has rejected the "no
project” altermative in favor of a project which will provide
additional water and incorporate adequate mitigation measures.
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B. ALTERNATIVE SIIES

There are undoubtably many other sites on Oahu where potable water can
be developed. Over the next few years, both the BWS and the DLNR
(DOWALD) will be conducting an extensive investigation for new
sources pursuant to BWS long-range island~wide water development
plans. [Ref. 4, Ref. 7] However, other well sites will not serve as
alternatives to the Kamooalii Watershed Wells since these other sites
will also be needed to meet the island's growing water demands.

C. ISLAND-WIDE APPROACHES

By the year 2000, easily accessible high quality ground water may not
be sufficient to meet total Oahu water demand. Because of the way
that Oahu's water supply system is integrated, steps can be taken on
an island-wide basis to meet the growing urban demand for water.
Without question, some island-wide approaches will ultimately become a
necessity. Possible approaches vary widely in cost, impacts, and
social acceptability. Some could feasibly serve as an altermative to
the Kamooalii Watershed Wells by freeing water from the Pearl Harbor
aquifer to be pumped to other psrts of leeward Oshu.

1. Conservation, Bulkheading of Tunnels, Controlling Leaks. A
very efficient approach to meeting future water demand is to
conserve water and avoid unnecessary losses. Major possibilities
include installing water saving devices, constructing or
relocating bulkheads on water collection tunnels, and repairing
leaky water mains.

Ordinance No. 79«27 amended the Oahu plumbing code to require
installation of low-volume flush toilets and cooling water
recirculating systems in new developments after November 9, 1979.
Water savings could be expanded by installing water conservation
devices in toilets and cooling equipment in existence prior to
November 1979. While the BWS currently is not authorized by
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statute or ordinance to subsidize "retrofitting" old fixtures with
water saving devices, there could be merit in such a pProgram.
However, at present, there is no reliable data on the water
savings that could be expected, or the actual cost of a

retrofitting program.

For obvious reasons, "retrofitting" can not be forced on anyone
against their wishes. From March through December 1982, the BWS
gave away 130,000 shower flow restrictors for installation by Oahu
homeowners. Conceivably, this program could be restarted and
expanded. For example, during the intense drought of 1977, the
City of Oxnard, Californmia distributed 3,200 wvater conservation
kits free of charge within a single geographic area. These kits
contained a toilet tank dam to reduce the quantity of water
flushed in the toilet, a plastic shower head flow restrictor, and
dye tablets to detect leaks from toilet storage tanks. The
distribution was followed a month later by a survey of 637
households receiving the water conservation kits. It was found
that 63 of those surveyed had installed the devices. Follow-up
studies showed that those consumers who installed the devices used
3% less water. Presumably, percentage water éavings would be less
after the drought when these households resume watering their
yards. [Ref. 7, pp. 79, 80]

Part of Oshu's water supply comes from high level tunnmels driven
into the Koolau and Waianae mountains. Water trapped in the
permeable basalt by impermeable lava dikes is developed by these
tunnels. By bulkbeading at the dikes (installing an impermeable
seal in the tunnel), a tunnel would be able to store water for use
during periods of high demand. Without a bulkhead, buildup of
storage is not possible and the tunnel would produce only base
flow year round. However, out of four tunnels with bulkheads, the
procedure has been effective only at Waihee. Other attempts were
unsuccessful in restoring the hydraulic integrity of the dikes
which formerly controlled storage. [Ref. 33, p. 105]

In fiscal year 1982~83, approximately 10.9% of the water input
into the overall BWS system was unaccounted for. This includes
meter errors, non-metered uses (fire, line flushing, etc.) and an
unknown amount of leakage. A survey of the Ewa-Waianae District
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water distribution system in 1977-78 found that only 12 of the
water carried in 50 miles of pipe was lost to leakage. The rest
of the unaccounted-for water was due to meter errors and non-
metered uses. Another leakage survey recently covered Sand
Island, Apart from a few minor leaks, the BWS found that one
"misplaced" service was the cause of the high percentage of
unaccounted-for water.

2. Demineralization of Brackish Water. Large quantities of
brackish ground water could be made available for domestic use if
excess salt were removed. Demineralization techniques are
available which, although more expensive than normal ground water
development, are considerably less costly than desalting ocean
water. It is estimated that in 1982, construction of an 8 mgd
reverse osmos8is demineralization plant to treat water from the
Pearl Harbor Springs would cost approximately $11.4 million.
[Ref. 7, p. 15] The total anmual cost of potable water from this
plant would have been approximately $1.60 per 1,000 galloms.
However, 72 of this cost is for electric power. The major
disadvantage with demineralization is the large amount of electric
power required which, on Oahu, is produced with non~-remewable
fossil fuels. Apart from the environmental trade-offs
necessitated by use of such resources, the cost of fuel for
electric power has doubled over the last few years and will

continue to escalate.

3.  Exchanging Water with Agriculture. While no cost estimate is
available, it potentially could be cost-effective for the BWS to
exchange treated sewage effluent or brackish water for well water
or Waiahole Ditch water used to irrigate sugar canme on leeward
Oahu. Oahu Sugar Company (0SC) would need to agree to such an
exchange, and the BWS would need to develop a new source of
irrigation water for use by 0SC. In addition, the Board of Land
and Natural Resources would need toc approve any increase in BWS
pumpage of potable water from the Pearl Harbor Ground Water
Control Area (GWCA) made possible by a permanent decrease in
pumpage from OSC wells in the Pearl Harbor GWCA.
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Without dilution, only 7 mgd of well water now used by Oahu Sugar
Company could meet the Federal requirement that chloride
concentration in drinking water be less than 250 ppm. [Ref. 16]
However, the Waiahole Ditch supplies Oahu Sugar Company with an
average of 32 mgd of potentially high quality water from water
development tunnels in the Koolau Range. [Ref. 30, p- 2791
Waiahole Ditch water would be guitable for domestic use if given
minimal treatment or carried in pipes instead of an open ditch.

Exchange of brackish water or treated sewage effluent for high
quality irrigation water poses several risks. First, ground water
could possibly be contaminated or rendered unpotable if minerals,
disolved solids, chemical compounds (e.g. pitrates), or infectious
agents are not adequately peutralized or filtered out as the water
percolates through soil. Second, cane productivity could suffer.
Third, the soil could become caked with salts and become less
permeable, requiring more water to leach salts out of the soil.
Fourth, treated sewage ‘effluent might clog the drip irrigation
tubes used in cane fields by encouraging growth of algae or
bacteria or by having a high suspended solids content.

At this time, the most feasible option would be to exchange
brackish water for high quality water used to jrrigate sugar cane
growing above relatively impermeable marine and sedimentary
deposits (caprock) on the Ewa Plain. Except in caprock areas, it
is not possible to prevent return irrigation water from degrading
basal water relative to chlorides and total dissolved salts.
Unless percolation is restricted by caprock, it would be
counterproductive to use brackish irrigation water sbove parts of
the basal lens which are a source of drinking water.

Initial studies using secondary treated sewage effluent from
Mililani Wastewater Treatment Plant for irrigationm indicate that
problems with cane productivity and soil retention of salts can be
resolved. However, it would be necessary to upgrade the County
Honouliuli Wastewater Treatment Plant (WIP) to provide secondary
treatment before sizable amounts of wastewater would be available
for exchange with high quality irrigatiom watez. Because of cost,
County plans at this time are only to upgrade Honouliuli WIP to
provide primary treatment. An application for waiver of
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secondary treatment requirements was submitted to the U.S. EPA in
October 1983 under Section 301(k) of the Clean Water Act. [Ref.

50]

4. Using Non~Potable Water for Landscaping. Brackish water
could potentially be used instead of potable water to irrigate
landscaping and parks located above caprock. Forx example, the BWS
is currently exploring the feasibility of developing an extensive
non-potable water system to service urban development on the Ewa
Plain. Outside of caprock areas, numerous shallow alluvial wells
which are susceptible to contamination could potentially be
developed to supply water for irrigation. For example, water from
the Halekou Interchange Relief Wells could be used for irrigation
of the Pali Golf Course, Hawaii Loa College, and Hawaiian Memorial
Park Cemetery.

5. .Trapping Storm Rumoff. The economics of trapping storm
runoff has not been thoroughly investigated. At some time in the
future, as a means of preserving coastal water quality and
preventing coral kills, the State "208" Water Quality Program may
require that large scale development incorporate ponding basins to
trap storm runoff. A possible variation would be joint public and
private programs to install dams to slow storm runoff out of
natural drainage basins such as Waikele Stream. Besides reducing
siltation of near shore waters, such measures would result in more
efficient recharge to Oshu's basal water supply.

The environmental benefits of on-site and land-based disposal of
storm water need to be balanced against the debits. First, storm
water ponding basins require large areas. While some forms of
agriculture can be located in a ponding basin, most land uses are
precluded. Second, ponding basins can create breeding grounds for
mosquitoes. Third, ponding basins will continually require
maintenance because of silt build-up from flood flows.

6. Tapping Stream Water. Surface water om 0Oahu could
theoretically be treated and then used for human consumption.
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However, there would be formidable political and legal obstacles
jneluding the policies of the Hawaii CZM Program to preserve
perennial streams. Punaluu and Kahana Streams on windward Oahu
are the most feasible streams for water development. Their base
flows are each in the range of 9 to 10 mgd. However, development
and treatment of surface water from these streams would probably
be more costly than to jnstall wells and pump the ground water
which is the major source of their flow.

7. Taking Agricultural Water. Simply taking State owned water
away from the sugar companies would cause severe economic
hardship. The BLNR has indicated that this approach will not be
authorized if there are feasible alternatives. A more reasonable
approach would be to require that if sugar cane fields are
replaced with houses, then water used to irrigate these fields be
provided to the BWS. For example, replacement of 1,000 acres of
drip-irrigated sugar cane on the Ewa Plain with houses could free
over 6 mgd of non-potable water for use by the BWS. Because of
0SC and Campbell Estate plans to phase out Ssugar cane on parts of
the Ewa Plain, this option has excellent potential to supply
glightly brackish water for irrigation of landscaping and fire

fighting.

8. Increasing Water Prices. The rate for waterxr assessed by the
BWS is set so as to cover costs, including some development of new
gsources, but not to make & profit. For the first 13,000 gallons
of water used in a month, all users are charged the same basic
rate. In 1970, this rate was $0.34 per 1,000 gallons. In July
1980, the basic rate was $0,76 per 1,000 gallons, representing an
jncrease of around 8% per year. Above 13,000 gallons per mounth,
agricultural users are given a reduced rate of $0.61 per 1,000
gallons. Prior to July 1980, jndustrial users were also given a
reduced rate. To encourage conservation, they are now charged the
basic rate for all water used. Residential users continue to be
charged the basic rate for all water used.

Increased water prices could lead to more efficient use of water
and discourage waste. For this reason a study by the Bawaiil
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Institute for Management and Analysis in Goveranment (HIMAG),
recommended imposition of peak-load (i.e. higher summer) prices
for municipal water users along with a price break for
agricultural water users comnected to the BWS system. [Ref. 10,
pps 111-114] The logic of the HIMAG recommendation is based on
the assumption that the low cost of municipal water discourages
the application of available water—saving technology. If this
assumption is correct, then peak load pricing could delay the time
when the BWS will be forced to turm to more expensive water
sources such as brackish spring water. FPeak load pricing has not
yet been adopted, but as previously noted, the discounted rate
formerly given to large industrial users has been eliminated in
order to encourage water conservation.
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2.

3.

4.

6.

NECESSARY APFROVALS
Approval of this EIS by the Governor.

Conservation District Use Permit from the BLNR to construct the
proposed wells and related infrastructure in the Conservation

District.

Clearance from the State Historic Preservation Officer that the
project will not adversely affect historic sites.

County permits {e.g. erosion control and building) to comnstruct
proposed facilities.

DOH approval of domestic use of water from the Kamooalii Watershed
Wells pursuvant to Title 11, Chapter 20, DOE Adninistrative BRules.

DOT permit for comstruction within State highway rights—of-way.

At this time, no £ills are proposed in any perennial stream.
However, should this be necessary when plans are more f£irm, then the
BWS will request a Department of the Army Permit £rom the Corps of
Engineers and a Coastal Zome Management Program Consistency
Determination from the State Department of Planning and Economic

Development. - .
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VvII. SUMMARY OF UNRESOLVED ISSUES

1.

3.

At this time, it is not resolved whether the DLNR will establish
minimum £low standards for Kamooalii Stream and its tributaries or
what such standards might be.

It will be necessary to monitor stream flow in oxder to determine
cumulative impacts from leng—term pumping of the BWS Kamooalii
Watershed Wells. Such monitoring will take place and the BWS will
take necessary measures to jmplement any minimum flow requirements
which may be established.

The BWS will need to select a2 method for commecting the proposed
Kuou II, Kamooalii I, and Kamooalii II well fields to the existing
BWS water distribution system. Routes for pipelines and road
access will need to be resolved along with reservoir sites.
Routes for electrical and telephone lines also will need to be

resolved.
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VIII. ORGANIZATIONS AND PARTIES CON
{Comments and Responses are Repro

A.

* & * * *

* % * *

*

FEDEBAL, GOVERNMENT

U.5. Army Corps of Enéineers, Hono
U.S. Fish and Wildlife Service sesccescee
¥.S. Departument of Agriculture Soil Comnse

SULTED FOR THE REVISED EIS
duced in Appendix Al

lulu District Engineer ..
........‘l......l.

rvation Service ..

U.S5. GGOlOgical Suwey c-ooo--oao.-oo-co..oc..c--oococuto--

U.S. Air Force, Hickam Air Force Base «se»
U.S. Coast Guard, Fourte
Uosc Navy, Haval Base Pearl Harbor asbsseasseans

STATE OF HAWAIIL

enth Coast Guard DistTiCt asesceass

semsasessase

Department of Land and Natural Resources eesceccscscsccccss

Department of Health scsevescscns
of Planning and Ecomomic Development csessssscse

Department

Department of Transportation sececevsace
Department of Agriculture tessssssassssasscasssssessesnents
Office of Envirommental Quality Control ....
University of Hawaii

Water Resources Research Center seecscscsscncee

FEnvironmental Center ...
Department of Accounting and General Services esesacesces
Department of Defense sstcevvsnsee

CITY AND COUNTY OF HOROLULU

Department
Department
Department
Department
Department

Building Department eceecescssecs
Fire Departm

of General Planning esececccsce
of Land Utilization eseessssccsscsssvecssovaccss
of Public WOTKS esccsscsosscccccccnase
of Transportation Services eccessccssecsseccrscs
of Parks and Rocreation eescecsceveoscscns

POIice Department esesssssesssessanans
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'.....l.....-.'C....ll...I‘

ssssssasssasssse

.I.-....I‘.I.'."'.....'.Q

.Il...I.....l....ll.el...l.

ent I‘.............................I.I.‘..'...'

‘............'.......

A-1l, A-24

A-2, A-24

A-25

A-26

A-27

A-28

A-28

A-4, A-29

A-5, A-31

A-6, A-32

A-7, A-33

A-9; A-34

A-10

A=35

A-37

A-40

A-4l

A-11, A-41
A-13, A-42
A-14, A-b44
A-15, A-45
A-16, A-45
A-46

A-47

A~47



D. COMMORITY

* Kaneohe Neighborhood Board c.ceeescccccsosracccccccsscccsss A=47
Kahaluu Neighborhood Board eeeeseccccssscscccccsasncccsscse A-17, A-49
SierTa CLUD scececeesasessesccosssscccsscnssscssssaanonsssce A-22, A-50
Hui Malama Aina O K0'0lau eccccsacsconcssccccscscrcncascace A-53
Luluku Banana GTOWELS sesescscessccscsssscsassssoccsssasans A-55
Representative Robert Nakata ecsscscecsccccsccanereaccosace A-57
Hawaiian Electric COmMPADY ecssccesscscacsssansancscscncsace A-58

*» ¥ % *

* No response to the EIS Preparation Notice

No response to the Draft EIS
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Biological Reconnaissance of Kaneche Stream and Two of Its Tributaries;
Luluku and Kemocalii, Gahu

by

Amadeo S. Timbol, Ph. D.
Aquatic Biologist

(Submitted to VTN, Honolulu)

Introduction

The Kaneche stream system, located in Kaneohe town, is comprised of
Kaneche mainstream and six major tributaries. The headwaters lie on the
windward side of the Koolau Mountain Range, within the Kaneohe Forest
Reserve. Its water comes primarily from rainfall, vadose water and springs.
During freshets, water cascades from the Koolaus provide several temporaxry,
spectacular waterfalls. In general, the stream bed becomes widex downstream.

This stream system has been subjected to more alteratiofis in the past
five years than any other siream on Ozhu. This is due to considerable urbtan
development in its drainage basin which has encroached to the flood plaln.
The almost complete Keapuka dam which is expected to provide protectlion
from flood had closed part of Kamooalil tributary, all of Kuou, Hooleinaiwa,
and two unnamed tributaries (see Appendix A). Previous to this, nearly 25%
of the total 28 km channel length had been modified (Timbol and Maciolek '
1978). During this study (March through May 1979), the stream beds on
Kamooalii in which Stations 2 and 3 are located (refer to Appendix A for
locations) were cleaned with bulldozer and paylocader. The concrete-lined
channel on Luluku in which Station 4 is located was shoveled clean,

The objectives of this study are: (1) to determine the presence or ab-
sence of endangered and/or threatened species in Kaneche mainstream anéd
Kamocalii and Luluku tributaries; (2) to complle a list of resident aquatic
and semi-aquatic macrofauna; (3) to detexmine macrofaunal distribution and
abundances; and (4) to make an assessment of the stream system's ecological
quality status on the basls of its biological and physical features.

Previous studies include those by Ford (1974), Norton (1977), U. S,
Fish and Wildlife Service {1977), Norton, et al. (1978) and Timbol and
Maclolek (1978).

Methods

Five stations were selected: 1 at Kaneohe Stream, 2 at Kamooalii, and
5 at Luluku. A stretch of 20 x 1 m of stream channel was pre-measured and
animals which could be seen were identifled and counted, Some specimens
were caught with a hand net, identified and counted, and released live
at the same site; Boulders, rocks, and stones were examined for natlive
mollusks (e.g. Neritina granosa or hihiwai, Theodoxus vespertinus or vi). This
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method was supplemented by walking the accessible stream chamnel and checking
for species that have not been collected or seen.

For purposes of this report, abundant (+++) means many individuals, from
6 to 100 or more. Common E++) indicates that between 2 and 5 were observed
or caught, while uncommon (+) means that only one was sighted or caught.
Absent (05 means it was neither seen nor collected.

Terms used in the text are: depleted which means that the organism is
still found in numbers adequate for survival but has been heavily depleted
and continues to decline substantially (Miller 1972); threatened species
include those which are endangered, rare, or depleted; endemic means occur-
ing naturally in Hawall only; indigenous means occurring naturally in Hawall
and elsewhere; introduced means that the animal was brought to Hawaii either
accidentally or intentlonally; and native includes both indigenous and endemic

animals,

The biota list was checked for endangered and threatened species using
the following llst and sclentlfic publication: USFWS List of Endangered and
Threatened Species (1977), and Miller (1972).

Results. and. Discussion

Results of this study are based on two to three samplings in each station
from March through May 1979. In stream macrofauna inventorying in Hawail,
most workers (Ford 1974, USFWS 1977, Norton et al, 6 1978, Timbol and Maclo-
lek 1978) rely heavily on backpack, pulsating, electroshocking units. With
this method, animals were not consldered collected unless they were caught.
Species seen but not caught were, however, included in the list of specles.
In this study, visual cbservation-hand netiing was used., All individuals
sighted were counted and sncluded in abundance data. Each method has its
advantages. Electroshoeking allows detection and capture of species that are
hidden diurnally (e.g., dojo or.- Misgurnus anguillicaudatus, Chinese catfish or
Clarias fuscus)., Visual observations 1s mere "efficient" on non-secretive
species such as o'opu nakea (Awaous stamineus) and poeciliids (e.g. the top-
minnow or Poecilia mexicana). Such special characterisilcs should be taken
into consideration in assessing the followlng results.

Results indicate at least 14 species of aquatic and semi-aquatic animals
are in Kaneohe mainstream and Luluku and Kamoocalii tributaries. These ares
4 fish, 2 amphibia, &4 crustacea, 1 mollusk, 1 annelid, and 2 insect specles.
Of these, only one species is endemic and two are indigenous or roughly,
only 20% of the animal residents are native to Hawail, Table.1 is a list
of macrofauna for the stream system and Table 2 shows their distribution
and abundances.

Station 1.

Located downstream of Kamehameha highway bridge by the Kaneohe lLibrary,
it is 1.7 km from the stream mouth at 20 m elevation (see Appendix B for
summary of physical features of all five sampling stations). Samplings were
made on natural stream bed and insect larvae were collected on concrete-lined
bottom by the bridge.

B-2



Table 1,

Iist of Aquatic Macrofauna in Kaneohe Stream and Two of Its
Tributaries; ILuluku and Kamocalii, Oahu (March-May 1979).

Scientiflic Name Local Name Origin Id.s'l:1
A, Fish
Gambusia affinis mosquitofish introduced none
Poecllia mexicana topminnow introduced none
Poecllia reticulata wlld guppy intreduced none
Xiphophorus helleri swordtail introduced none
B, Amphibia
Bufo marinus toad introduced none
Rana casteblana bullfrog introduced none
.C, Crustacea
Atya bisulcata o'pae kala'ole endemic none
Macrobrachium gandimanus o'pae o'eha’a indigenous none
Macrobrachium lar Tahitlan prawn introduced none
Procambarus clarkil crayflish introduced none
D. Mollusk
Melania sp. pond snail indigenous none
E. Annelid
Hirudinea leech unknosm none
¥, Insecta
Trichopteras
Hydroptilidae larvae microcaddisfly introduced none
Diptera: Enphididae
Hemerodromia sp. larvae cranefly introduced none

1

Refers to

ered and Threatened Specles lisis prepared by the USFWS
(1977) and by Miller (1972).
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Table 2. Distribution and Relative Abundances of Aquatic Macrofauna in
Kaneohe Stream and Two of Its Tributaries; Luluku and Kamocalii,
Oahu (March - May 19793 +++ = abundant, + = common, + = uncommon,
0 = absent or not seen).

Scientific Name

Sampling Statlion

1 2 3 L 5

A, Fish

Gambusia affinis + 0 +++ 0 0

Poecilla mexicans +++ et -t +++ 0

Poecilia reticulata (0] ++ i+ 4 ++

Xiphophorus helleri -t +++ A ma + b
B. Amphibla

Bufo_marinus + 0 + 0 0

Rana casteblana c 0 + 0 +
C. Crustacea

Atya bisuleata ++ 0 0 0 ++

Macrobrachium grandimanus ++ 0 0 0 0

Macrobrachium lar ++ 0 =+ 0 0

Procambarus clarkiil =+ -+ =t -0 dorpe
D, Mollusk

Melania sp. -+ ++ -+ +++ e
E. Annelld

Hirudinea 44 0 bt 0 0
F, Insecta

Hydroptilidae ++ 0 0 0 0

Hemerodromia sp. + 0 0 0 0




There were 1l species at this site. Two of these are insect larvae
which properly belong to microbenthic type but are included in this report
since they are the first collection on concrete-lined chamnel, Both insect
specles are uncommon even on natural stream beds. Of the remaining nine
species, only three are natives (o'pae kala'ole or Atya bisulcata, o'pae
o'eha'a or Macrobrachium grandimanus, and pond snail, Melania sp.).
Poecilia mexicana, an introduced species, 1s the dominant fish, the o'pae
o'eha'a 1s the dominant crustacean and the native pond snail, the dominant
benthic animal. The endemic o'pae kala'ole have diminished in numbers from
1975 when it was abundant (Timbol and Maciolek 1978, p. 125).

Not found in this study are the endemic fishes, o'opu nakea (Awaous
stamineus) and the goby-like o‘opu okuhe (Fleotris sandwicensis) which have
been collected previously by Ford (1974), USFWS (1977), Norton et al. (1978)
and Timbol and Maciolek (1978). Since o'opu nakea is not difficult to find
when present, it is possible that it is now absent at this site (Later, a
probable explanation is offered for its absence). The same is true with
o'opu okuhe - it is not difficult to find. Also not found in thls survey
but previously collected (Timbol and Maciolek 1978) is the Chinese catfish
(Clarias fuscus). Since this 1s a species that loves to hide and therefore
hard to find by visual observatlion and hand netting, it may still be present
at this site. In addition, Ford (1974) reported the presence of the intro-
duced ricefield eel (Monogterus albus) but has not been found since. It is
possible that this specles is no longer present in the stream system. lLastly,
Station 1 appears to be a dumping ground for unwanted aquarium pets.

Timbol and Maciolek (1978) collected a pair of South American fish, Chiclasoma
sp. This survey has not turned up any fish pets but it is possible that

scme are resent,

Station 2.

This sampling station is on Kamooalll tributary upstream of Likelike
Highway and downstream of Luluku street bridge. By stream channel length,
it is 1.6 kn from Station 1 at about 25 m elevation. It is on natural strean
bed which was "cleaned" in April with a paylcader,

Only five species were found, and only one is a native (Melania sp.).
Stream bed cleaning had caused the death of some resident animals but had.
not appreciably decreased the abundance of the topminnow {P. mexicana). It

‘was stlll the dominant fish at this sampling station although the swordtail,

(Xiphophorus. helleri) was also abundant. The introduced crayfish {Procam-
barus clarkil) was the dominant crustacean and the native pond snail ZMela—
nia sp.) was the domlnant mollusk, No amphibians, annelids and insect
larvae - animals associated with riparian vegetation and substratum -rwere
found, This is due to the recent cleaning of the strean bed.

Statlon 3.
Downstream of the Kamooalii-Luluku junction, it is 1.4 km upstream from

Station 2, at about 35 m elevation. The sampling station is on Kamoocalii
Stream, immediately downstream of the Keapuka dam spillway.
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There were 10 species found at the site, Only one is pative (pond
snail, Melanla sp.) " - to Hawail., GSeven of these species were abun-
dant and one, the introduced Tahitian prawn (Macrobrachium lar), is common.
Frogs and toads are uncommon, probably due to the perlodic cleaning of
stream banks at this site (A bulldozer was used to clean these banks in
in April through May). Another noticeable change from 1975 is the increase
in the leech population.

Prior to construction of the Keapuka dam, the endemic o'pae kala'ole
(A, bisulcata) was abundant and the endemic o'opu nakez (A. stamineus) was
common at this particular site (USFWS 1977, Timbol and Maclolek 19785.
During this study, none were seen nor caught even after repeated efforts to
collect them. However, the after-effects of construction activities have
not adversely affected the abundances of exotic fish residents. The four
poecilild speclies were as abundant now.

Sometime is 1978, our attention was called by Phil Johnson, then resident
of Keapuka subdivision, about a "fish kill" at Kamooalii Stream in what is
between Stations 3 and 4. Among the dead fish were several o'opu nakea.
Figures l-a and 1l-b are photographs taken at that time. Note that the o'opu
nakea are the sizes of juveniles and young adults. To give the reader an
idea of their sizes, a collection in September 19, 1975 from this particular
stretéh of stream channel included nine o'opu nakea ranging from 3.2 to 16.5
cnm standard length, the largest of which welghed 61.5 grams, live weight.

Station 4. '

About 400 m upstream from Station 3 at about 40 m elevation, Sation 4 is
on a stretch of concrete-lined channel on Luluku Stream. In March and April,
the stream bed was mud and silt on concrete cement bottiom. Grass lined one
side of the chammel. In May, the station was shoveled clean. The station
is now on "algae-coated concrete cement."”

Four species were found but only one was native to Hawaii (pond snail,
Melania sp.)., Concrete-lined channel seem to favor the topminnow (2. mexicana)
as 1t was the only fish found in abundance, Mosquitofish Gambusia affinis
which was abundant in Station 3, was absent at this station.

Station 5.

Situated about one-half kilometer farther upstream from Statlon L at
about 48 m elevation, Station 5 is on natural stream bed of Luluku Stream.
The stream is naxrrow ( ca. 1 m wide) and the bottom is of mud and silt, Fart
of the station is under hau (Hibiscus tiliaceus). Other riparian vegetation
includes job's.tears (Coix lac —jobi) and California grass (Brachiaria
mutica.).

Five species were found and two of these specles are native to Hawall
(g. bisuleata and Melania sp.). In contrast with Station 44 where no decapod
crustaceans were found, two species were present at Station 5. However,
except for the native pond snail {Melania sp.). none of the specles wax’
abundant.

B



Dead o'opu nakea (Awaous stamineus), part of the 1978
"fish kill" at Kamooalii Stream. The "kill" possibly wiped
out the nakea population at Kamooalii Stream downstream of
the Keapuka dam construction site.



Summary and Conclusions

Some preliminary generalizatlons can be made in this study. There are
at least 14 species of freshwater animals in Kaneohe mainstream and Luluku
and Kamooalii tributaries. Only three speclies or about 20% of the total
are native to Hawall.

There are no endangered or threatened species in Kaneohe malnstream
and Luluku and Kamoocalll tributaries,

There is an increase in number of species in a downstream direction,
from 5 species at Luluku to 10 at Kamooalil to 12 at Kaneohe.

Habltat alteration through direct destruction appears to be responsible
for the absence - of the endemic goby, o'opu nakea (Awaous stamineus). Prior
to the constructlon of the Keapuka dam and the constant cleaning of stream
beds and banks, the o'opu nakea was commonly found., Another endemic animal
that appearsto be on the decline is the o'pae kala'ole (Atya bisulecata).

Habitat alteration appearsto favar the introduced animals. The top-
minnow (Poecilia mexicana) was as abundant now as it was in 1975 when the
stream was in a comparatively natural state.

The Kaneohe stream system have been given by Timbol and Maciolek (1978)
an ecological quality status of III, meaning it has moderate to low natural
and/or water quality. This appears to be moré justified.at this time since
the biological quality of the stream has gone down as evidenced by the
absence of endemic fish and the decrease in the population of the endemic
o'pae kala'ole (Atya bisulcata). It is hoped that after the dam is com-
pleted, stream habitat destruction would cease and water quality would
improve. When this happens, it is possible that the o'opu nakea (Awaous
stamineus) will be able to re-establish in its former habitat and the o'pae
kala'ole will increase in numbers. On the other hand, further destruction
of remaining stream habitat coupled with a significant decrease in stream
flow could result in further degradation of the stream system's ecological

quality.
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Some Fhysicochemical

Appendix B

May 1979).
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Characteristics: of Sampling Statlons in Kaneohe Strean
and Two of Its Tributaries; Luluku and Kamooalii, Oahu (Maxch - .

Sampling Station
No., Location and
Distance from Mouth

Parameter

Water, Stream Flow

Nature of Bottom

Stream Metes

1. Xaneohe Strean
1.7 km

2. Kamooalii Stream
3.3 km

3. Kamooalil Stream
4,7 km

4, Luluku Strean
5.1 km -

5, Iuluku Strean
5.6 knm

riffle, strong flow
glightly turbid..

riffle, strong flow

slightly tirbid

riffle, strong flow
highly. turbid.

riffle, slight flow
slightly turbid

" piffle, slight flow

slightly turbid

gravel

gravel-silt
gravel-silt
silt on con-

crete bottom

mud-silt with

rotting leaves -

width = 10 m
depth = 0.15 m

*Distance from mouth measured along siream channel from USGS topographlc

(Kaneche) quad sheet.
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APPENDIX C

ARCHAEOLOGICAL RECONNAISSANCE SURVEYS
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Chiniago Inc.

Archaeological Consulting

1040-B SMITH STREET HONOLULIf, HAWAII 96817 « TELEPHONE: (808) 521-2785
December 19, 1983

Mr. Douglas Meller

VTN Pacific

1164 Bishop Building
Suite 906 :
Honolulu, Hawaii 96813

Dear Mr. Meller:

On Friday, December l6, 1983, 1 accompanied you an an
inspection of the locations of three proposed water wells in
Kaneohe, Qahu. The two Kamooali'i locations are situated in
the vicinity of the city and County maintenance yard on Nuuanu
Pali Orive, adjacent to the Pali Golf course, and the third is
situated on (uluku Stream immediately inland of Likelike

Highway.

A literature search of the following sources revealed no
previously-recorded archaeological or historical sites at these
locations, '

Rosendahl, Paul H,
1976 Archaeological Investigations in .Upland Kaneohe.
Department of Anthropo o0gy, Bernice P. BIshop
Museum.

Handy, E. S. C.

1940 The Hawaiian Planter, Volume I, : Bernice P.
Bishop Museum BulletiIn 1s&1.

Sterling, Elspeth P., and Catherine C. Summers

1978 Sites of Oahu. ODepartments of Anthreopology and
Education, Bernice P. Bishop Museun.

Streck, Charles

1982 Archaeological Reconnaissance Surve for Route
H-3 LAlternative Al. Kane'ohe U'aﬁu Hawai'1l.
Department orf AnfﬁropoIogy, Bernice P. Bisﬁop

Museum.



Qur field inspection also failed to reveal any such remains
at any of the three locations. However, because the thick
grass at the northernmost of the Kamooali'i locations could
have obscured low walls or surficial evidence of midden
deposits, we must recommend that all work at that location be
monitored by an archaeologist. Monitoring will also be
necessary at the Luluku site because, although nothing of
archaeological or historical interest was seen on the site
itself, the presence of a system of agricultural terraces on
the alluvium opposite the proposed location indicates the
possibility that sub-surface archaeclogical remains might be

present.
If you have any questicns, please do not hesitate to call.

Sincerely yours,

William Barrera, Jr.
President
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