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GEORGE R. ARIYOSHI
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Ms. Letitia N, Uyehara, Director
Office of Environmental Quality Control
550 Halekauwila Street, Room 301
Honolulu, Hawaii 96813

Dear Ms, Uyehara:

Based on the recommendation of the Gffice of Envirormental Guality
Control, | am pleased to accept the environmental impact statement for the
Kaluanui Wells at Koolaulea, Oahu, as a satisfactory fulfiilment of the
requirements of Chapter 343, Hawali Revised Statutes |

This environmental impact statement will be a useful toc! in ceciding
whether this project should be allowed to proceed. My acceptance of the
statement is an affirmation of its adequacy under applicable laws and does
net constitute an endorsement of the proposal.

When the decision iz made regarding this action, | expect the proposing
agency to carefully weigh the societal benefits againsi the environmental
impact which will likely occur. This impact is adequately described in the
siatement and, together with the comments made by reviewers, provides a
useful analysis of alternatives to the proposed action.

With warm personal regards, | remain,

o Mr. Kazu Hayashida
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SUMMARY

The City and County of Honmolulu Boaxd of Water Supply (8WS) has developed
one exploratory well on the northwest side of Kaluanui Valley. A second
BWS exploratory well is proposed. Tf test pumping of the second
exploratory well is successful, then the BWS plans to develop the
necessary facilities to put both wells into productiomn. Production
facilities will include submersible pumpé at both well sites, a control
building and ancillary equipment at the second well site, 8 paved access
road along a jeep trail (which forks off the main valley access road),
underground water transmission mains, and overhead and underground
electrical and telephone lines. 1f requested by the Division of State
Parks, then the control building and ancillary equipment could be located

on another site along the jeep trail to the existing well.

Approximately 1.5 million gallons per day (mgd) will be pumped from each
of the Kaluanui Wells. The total 3.0 mgd will be used to service
Windward Oahu from Punaluu through Waimanalo. Any surplus water will be
exported to the Honolulu Water District.

Proposed BWS facilities will be almost entirely located in Sacred Falls
state Park. In order to minimize visual impacts, all improvements will
be designed to meet requirements set by the Division of State Parks.
Archaeological reconnaissance suxveys have been made and proposed
facilities will be gited to avoid prehistoric artifacts.

The BWS Kaluanui Wells will withdraw water from the Roolauloa Basal
Aquifer. Adequate ground water is available so that the BWS wells will
not adversely affect the existing yield of other wells in the basal
aquifer. However, allocation of remaining undeveloped ground water in
the aquifer is an unresolved issue.

Kaluanui Stream is perennial at high elevation but intermittent in
Kaluanui Valley. It is ome of only two streams ORn Oshu known to provide
habitat for the rare endemic diadromous mollusk Neritina granofa
(hihiwai)e  The BWS Raluanui Wells will not significantly affect
Kaluanui Stream OT Sacred Falls because the source of dry weather stream
flow is high level dike confined ground water and not basal ground water.
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DESCRIPTION OF THE PROPOSED PROJECI
A. LOCATION AND LAND OWNERSHIP

The Board of Water Supply (BWS) has drilled and tested one exploratory
well (DOWALD No. 3554-04) on the northwest side of Kaluanui Valley at
an elevation of 134 feet. A second BWS exploratory well is proposed
at a similar elevation about 600 feet morth of the existing well.
However, if test pumping of the second exploratory well is not
gsuccessful, then another exploratory well will be developed at a
similar elevation about 600 feet south of the existing well, [Figure
1 and Figure 2] The existing and proposed wells are sited within
Sacred Falls State Park on a portion of a State owned parcel
jdentified by Tax Map Key 5-3-09:2. The parcel is within the State
Agricultural District and is zomed AG-1 by the County.

In order to develop water from its Kaluanui Wells, the BWS 1is
proposing to comstruct & vater transmission main and electrical and
telephone lines between the wells and Kamehameha Highway. The
pipeline and utility lines will be almost entirely within Sacred Falls
State Park on portions of State owned parcels jdentified by Tax Map
Key 5-3-09:2 and 5-3-10:1. A short gsection of the proposed pipeline
and utility lines will be located on a portion of a parcel owned by
Zions Securities Corporation and jdentified by Tax Map Key 5=-3-12:41.
Except for their makai end, the proposed pipeline and utility lines
will be located within the State Agricultural District om iand zoned
either AG-1 or P-1 by the County. About 100 feet of utility lines
will be located within the State Urban District on land zoned AG-l by
the County. (About 3,000 feet of buried pipeline and overhead
utility lines will be located within the County Special Management
Area.

B. DESCRIFPTIOR

The existing BWS exploratory well was drilled and test pumped in 1982
and then capped. Its static head was 21.2 feet msl prior to test
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pumping on June 8, 1982. The well capacity is about 1.5 million
gallons per day (mgd). The well is 316 feet deep and has 165 feet of
casing with an inside diameter of 13.25 inches. The proposed second
BWS exploratory well will be similar in design.

1f test pumping of a second exploratory well is successful, then the
BWS plans to put both Kaluanui Wells into production. No development
is proposed in the channel of Kaluanui Stream. At the existing well
site, an area of about 900 square feet will be graded and enclosed by
a 6-foot high chain link fence. Within this fence, the BWS will
jnstall a motor, submersible pump, and low-maintenance landscaping.
At the second well site, an area of about 24,000 square feet will bde
graded and enclosed by a 6 foot high chain link fence. The second
well site will contain a ome-story control building (approximately 23'
x 30" x 10' high),  motor, submersible pump, transformer pad,
hydropneumatic tank, and lov-maintenance landscaping. No toilets will
be provided at either well site. Landscaping and structures at both
well sites will require approval by the Division of State Parks.

I1f requested by the Division of State Parks, then the comntrol
building, transformer pad, hydropneumatic tank, ancillary facilities
and landscaping could be located on another 24,000 square foot site
along the jeep trail to the existing well. In this case, improvements
at the second well site would be similar to that at the first well
site.

An existing dirt road extends from Kamehameha Highway to the Sacred
Falls trail at the mauka end of Kaluanui Valley. [Figure 1] Access
to the existing well site and proposed second well site is provided by
a dirt jeep trail which forks from the main dirt road. [Figure 2]
Development of the alternative gite for a second well would require
extension of the jeep trail. The BWS will place approximately 1,400!
x 12' of A.C. pavement on the jeep trail, but does not plan to improve
the main valley access road.

The BWS will install an 8" diameter water main beneath the paved jeep
trail to carry water from the existing well site to control facilities
at the second well site. From the second well site the BWS also will
install approximately 5,500 feet of 12" diameter underground
transmission main to Kamehameha Highway. Current thinking is to route
the 12" main along the jeep trail and Kaluanui Valley access road.
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However, the actual pipeline route may be altered to accommodate park
development plans proposed by the Division of State Parks.

The BWS will install approximately 1,900 feet of underground telephone
and electrical lines beneath the paved jeep trail. Approximately
3,600 feet of overhead telephone aund electrical lines will be
jnstalled between the jeep trail and Kamehameha Highway. Overhead
utilities will be routed near the northern boundary of Sacred Falls
State Park in a location to be selected by the Division of State
Parks. Proposed utility poles will also be used to service park
utility lines.

The cost for drilling and testing the existing exploratory well was
about $0.l14 million. Development of a second exploratory well,
production gacilities for two wells, paved access road, and utility
lines will cost an estimated $1.75 million (at 1982 prices). About
$130,000 of this would be for development within the County Special .
Management Area. Construction of all facilities to put the BWS
Kaluanui Wells into production is tentatively planned for F.Y. 1985~
86.

Approximately 1.5 mgd will be pumped from easch of the Kaluanui Wells.
The total 3.0 mgd will be used to service Windward Oshu from Punaluu
through Waimanalo. Any gurplus water will be exported to the Honolulu
Water District.

€. OBJECTIIVES

The de £facto Oahu population served by the BWS is projected to
jpcrease from 737,300 in 1980 to 912,800 in the year 2000. The BWS
plans to develop water from a number of sources including the Kaluanui
Wells in order to accommodate projected growthe. It is estimated that
the average daily jsland-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-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 for the windward side
of the island. These estimates are based on 1978 "II-F" population
projections by the State Department of Planning and Economic
Development with assumptions on population and employment distribution
being provided by the City Department of General Planning.

On the average, about 75.9 mgd of the water supplied by the BWS to
leeward Oahu in 1981 was withdrawn from the Pearl Harbor basal water
lens. In 1982, which was a rainy year, average BWS water withdrawal
from the Pearl Harbor basal lens was 68.7 mgd. To control fresh
water pumpage, the Board of Land and Natural Resources (BLNR) has
limited BWS withdrawals from the Pearl Harbor aquifer to an average of
76.95 mgd. In order to meet the increasing demand for water, water
development projects in windward Oahu have been accelerated. [Ref.
16] 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 Rai for use elsewhere in
the Honolulu Water District.

Tn 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). Im
effect, this would impose a moratorium on most new development until
such time as new water sources are developed.



CHAPTER YI. DESCRIFPTION OF THE ENVIRONMENTAL SETTING

A. TOPOGRAPHY AND AESTHETICS

A broad coastal plain with slopes of less than 5% extends from the
ocean to the mouth of Kaluanui Valley. The gently sloping valley bowl
is bordered by steep, highly weathered spurs of the Koolau Range.
Between the valley bowl and Sacred Falls, the narrow, winding, steep~
faced mauka section of Kaluanui Valley follows the course of Kaluanui
Stream.

Proposed overhead pover lines will be located on the flat coastal
plain. The existing jeep trail to the BWS wells and the well sites
are located on the lower slopes of the northwest side of Kaluanui
Valley. Because of existing heavy vegetation, the jeep trail and well
gites are only visible from 2 few parts of the valley bowl. Platel
shows the jeep trail; Flate 2 ghows the site of the existing
exploratory well; and Plate 3 shows a view of the BWS well sites from
the slopes on the other gide of Kaluanui Valley. All pictures were
taken in January 1983.

B. CLIMATE

Most rain in Koolauloa results from cooling of warm moist air when the
predominant northeast trade winds are deflected upward by the Koolau
Range. Kona (southerly) winds and major North Pacific storm systems
occasionally bring torrential and more persistent winter rains to the
entire island. Average annual rainfall increases from 60" near the
coast to 300" near the crest of the Koolau Range inland of Kaluanui
valley. At the well gites, rainfall averages 75" per year. The
average monthly temperature in the project area ranges €rom 69° to 79°

fahrenheit. [Ref. 27, pp. &, 9]
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C. SOILS AWD GEOLOGY

Soils at the well sites and jeep trail are classified by the Soil
Conservation Service as Waikane series clays. They have low shrink
swell potential and moderate erosion hazard. [Ref. 3] '

From a ground elevation of 134 feet, the existing BWS exploratory well
(DOWALD No. 3554-04) penetrated 55 feet of clay and weathered
fragments before striking rock. As drilling continued, clay was
occasionally encountered between layers of rock almost to the bottom
of the well., [Ref. 10] In the area where the well was drilled,
rocks are mainly basaltic lava flows of the Koolan Volcanic Series.
[Ref. 27, p. 95] Basal ground water tapped by the BWS well is stored
in the permeable basalt.

There is no visible evidence of dikes makai of the BWS well. Instead,
ground water in the basalt is confined by a wedge of poorly permeable
sedimentary material which covers the coastal plain and extends
several miles makai of the shoreline. [Ref. 30, pp. 13-14]1 (See
Section F, Basal Water Resources for further discussion of ground
water geology.)

D. HYDROLOGY AND DRAINAGE

At high elevations in windward Oahu, rainfall which is not lost to
evapotranspiration or surface runoff is stored as ground water in the

permeable basaltic lava flows of the Koolau Range between relatively .

impermeable intrusive basaltic dikes. Dikes were formed by the
solidification of molten lava in the fissures of volcanoes. 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 portioms of the Koolau crest. Although the
general pattern of ground water movement is toward the ocean, local
flow directions are complicated by the shape of dike compartments and
by breaching of the compartments by erosion. Gemerally, water moves
gradually by leakage and overflow from dike compartments with higher

"=10=-
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head to compartments with lower head. Water from dike reservoirs cam
discharge directly into streams which have cut into the water—bearing

rocks or indirectly by seeping through permeable alluvium and then
into streams. [Ref. 27]

Like most perennial windward Oahu streams, the primary source of
Kaluanui Stream discharge is dike-impounded ground water. Kaluanui
Stream also receives surface runoff from a 3.5 square mile watershed
and can gain flow from rainfall stored in unconsolidated surface
alluvial material overlying relatively impermeable alluvium. Although
Raluanui Stream is perennial at high elevation, it is intermittent in
the middle and lower portions of Kaluanui Valley because its dry
veather flow percolates into the stream bed. [Ref. 27, pp. 95-99;
Ref, 25]

As leakage from dike confined ground water in Koolauloa moves toward
the ocean, it may eventually reach a dike-free area. However, along
11 miles of coast from Punaluu Valley to Kahuku Point, terrestrial aand
marine sediments have formed a relatively impermeable wedge of
gedimentary material known as caprock. This caprock confines and
partially overlies a subatantial'body of low level ground water which
hydrogeologist John Mink has named the Koolauloa Basal Aquifer. [Ref.
30, pp. 5, 14, 151

E. SURFACE WATER RESOURCES

Kaluanui Stream is the only significant surface water resource in the
project area. Kaluanui Stream is entirely located on State land
acquired for Sacred Falls State park. None of its water is diverted
for agricultural or domestic use. However, the stream bed was
deepened and slightly straightened prior to the time it was purchased
by the State. Presumably this was dome by Kahuku Plantation Company
to improve drainage of sugar cane fields in the valley bowl and

coastal plain. Irrigation of these fields ended when the sugar
plantation closed in 1970.

-]l
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poorly-drained sugar cane fields and irrigation ditches on the coastal
Plain south of Kaluanui Stream as wetlapds. The vetland is maintained
by surface runoff, springs, and occasionally by floodwaters during
intense storms when Kaluanuj Stream overflows its banks, [Ref. 40]

A8 shown in Figure 3, Kaluanui Stream hag gentle slopes below an
elevation of about 340 feet (Sacred Falls Pool), However, the
stream's mauka reach is very steep and includes seven waterfalls. The
8tream channel is relatively narrow at high elevations (Plate 4), but
broadens as the gradient flattens (Plate 5).

From July 1915 through June 1917, the USGS Operated a gaging station
on Kaluanui Stream at ap altitude of 1,900 feet, :(Station K-1 on
Figure 4) Stream flow at this elevation is not fed by dike overflow,
but by runoff from rainfall and by bank storage. The mean discharge
at this station was 2.96 mgd, the ng discharge (flow exceeded 90% of
the time) was 0.54 wgd, and the minimum discharge was 0.25 mgd. [Ref,
22, pp. 143-144; Ref, 27, p« 991  Due to the short period of record,
these flow data are inconclusive.

Since May 1967, the USGS has operated a 8aging station on Raluanui
Stream at an altitude of 110 feet. (Station K-3 on Figure 4)
Through September 1982, the mean discharge at this station was 2.78
mgd and the strean sometimes had no flow. [Ref. 24]  As shown in
Table 1, the USGS hag computed Qgg at this station ag 0.19 mgd and Qgs
as only 0.06 mgd. [Ref. 26] Table 2 summarizes mean annual flow and
days of no flow for Kaluanuj. Stream at this gaging station.

In addition to its long~term gages, the USGS has taken miscellaneousg
measurements during dry periods when ground water supplies all of the
stream base flow. As shown in Figure 4, available data indicates that
the dry weather flow of Raluanui Stream is greater at higher
elevations, and that the stream ig intermittent in Kaluvanui Valley.

-12-



0008t

00004

HLiNOW WY3ULE WOH4 JONYLISIO

(100d 8717vd a3govs)
\A

7

,000'rt .000'2L ,000°01 0008 0000 ,000F 0002
-°
ge-n VA !
\I\ 4
,00¥
,008
i L
(031107d 0S8V ¥ 3HNDId NWOHd M o
.. »
SNOILYLS INIWIHNSYIN MOTd WYIULS) | ..m._ m
b4
00¢t
,0081
0002

INI0UHd NVIHLS INNVATYA

€ IO



PLATE 4

KALUANU! STREAM AT 2

000 FEET

PLATE 5
KALUANUI STREAM MOUTH
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. TABLE 1
FLOW DURATION TABLE FOR KALUANUTI STREAM AT ELEVATION 110 FEET MSL
[0ctober 1967 to October 1979]

Qg5 = 0.06 mgd
Q75 = 0.39 mgd

Qgp = 0.84 mgd
Qs = 2-13 mgd

Qlo = 5.17 mgd

Hote: Q90 means the flow exceeded 90% of the time.

Source: Reference 26

TABLE 2
MEAN ANRUAL FLOW AND DAYS OF HO FLOW FOR KALUANUI STREAM
AT ELEVATICN 110 FEET MSL
[0ctober 1967 to October 1982]

Year Ending Mean Annual Total Days Maximum Consecutive
September 30 Flow in MGD of No Flow Days of No Flow
8 Syt e R N B G MR N N 22 3 2000 X B N K 2 IR I i UL K N 2R O MR S ER .

1968 3.04 0 0

1969 3.37 0 0

1970 2.29 ' 0 0

1971 2,98 11 6

1972 2.30 0 0

1973 1.52 0 0

1974 2.80 0 0

1975 1.88 14 14

1976 2.10 0 0

1977 2.02 21 13

1978 2,18 7 6

1979 2.99 0 0

1980 3.77 0 0

1981 2,04 1 1

1982 6.42 0 0

Reference 23 and Reference 24

Source:
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F. BASAL WATER RESOURCES

The Koolauloa Basal Aquifer extends from Punaluu Valley to Kahuku
Point. (Figure 5) The aquifer is composed of permeable basaltic
lava flows from the Koolau Volcano. The aquifer is recharged by the
seaward movement of dike confined high level ground water and by the
infiltration of rainfall into parts of the basal aquifer not covered
by caprock. In Koolauloa, caprock starts from a ground elevation of
about 30 feet and extends several miles makai of the shoreline. As
evidenced by the high static (non-pumping) heads of coastal wells from
Punaluu to Laie, caprock either prevents or substantially retards
discharge of basal ground water into the ocean. Hydrogeologist John
Mink believes that the southern boundary of the aquifer is poorly
permeable alluvial fill material ir lower Punaluu Valley. [Ref. 30,
pp. 14, 15, 19]

Because the static heads of coastal wells gradually decline in a
porthwesterly direction from about 22 feet at Punaluu to about 10 feet
at Kahuku, one hypothesis is that instead of moving perpendicular to
the coast and discharging into the ocean at the seaward toe of the
caprock, most ground water in the Koolaulca Basal Aquifer moves
northward and discharges into marshes and springs between Kahuku Town
and Kahuku Point. [Ref. 30, pp. 20-22, 43-46] If this hypothesis is
correct, then ground water in the Koolauloa Basal Aquifer flows in all
directions from areas of high potential to areas of low potential.
Assuming hydraulic integrity, long term excessive pumping of wells in
any part of the aquifer could adversely affect the static head and
yield of wells in other parts of the aquifer. Another implication of
this hypothesis is that undeveloped basal ground water from Hauula and
Laie can be developed by wells in Kahuku.

Other than differentials in the static heads of coastal wells, which
could be accounted for by reduced rainfall towards Kahuku, there is no
evidence that the Koolauloa Basal Aquifer is completely hydrologically

' continuous between Punaluu and Kahuku. Another hypothesis is that

most fresh ground water in the basal aquifer leaks into the ocean
through coastal caprock rather than flowing to Kahuku through and
beneath poorly permeable sedimentary £ill material in Raluanui,
Kaipapau, Malaekahana, and numerous smaller strecam valleys. Even if
caprock is only poorly permeable, substantial quantities of ground
water still could seep into the 30 square miles of caprock between
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FIGURE &

KOOLAULOA BASAL AQUIFER
SOURCE: REFERENGE 30
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Punaluu and Kahuku. [Ref. 35, pp. 86-88] As evidence that basal
water may seep into the caprock, an exploratory alluvial well and a
producing hybrid alluvial-bedrock well in Punaluu both show
developable yields in excess of 0.5 mgd. Despite any hydraulic
continuity through the Koolauloa aquifer, northward flow of fresh
basal water does not necessarily occur across hydrologic barriers
which extend below the fresh water. If this hypothesis is coxrect,
then fresh basal ground water between Raluanui and Kaipapau Streams
(being tapped by the BWS Kaluapui Wells) would behave more as if it
were compartmentalized by valley £il11ls as in Honolule than as if it
were part of a continuous aquifer. Another implication of this
hypothesis is that despite undeveloped basal ground water in Eauula
and Laie, pumping of wells in Kahuku and Punaluu may be up near the
limits of the sustainable yield of the aquifer.

There is imsufficient data at this time to resolve the extent to which
valley £ill caprock limits movement of fresh basal ground water &cxoss
Kaluanui, Kaipapau, and other stream valleys. However, there is some
evidence for a continuous Koolauloa aquifer. In 1961, a é4~-day pump
test of Kahuku Plantation Well 398 (DOWALD No. 3554~02) near the mouth
of Raluanui Valley at a rate of 4.3 mgd produced a slight drawdown in
the static head of the nearby Plantation Well 401 (DOWALD No. 3654~04)
and observation Well 396 (DOWALD No. 3654~02) which is 2,500 feet to
the north. [Ref. 27, pp. 97, 991 (See Figure 6) Similarly, after a
brief shutdown, the BWS Punalun wells were pumped at rates of 483 to
888 gpm for about & houxrs in June 1983 and produced a slight drawdown
in Well 401 (DOWALD No. 3654-04) but not in the exploratory Kaluanui
Well. [Ref. 38] Pumpage of 3.0 mgd from the BWS Kaluanui Wells is
likely to produce slight drawdowns in other wells in a manner similar
to that produced by pumping of Well 3554~02 and by pumping of the BWS
Punaluu wells. Existing wells near the project area are plotted in
Figure 6 and their uses summarized in Table 3.

Based on hydrological budgeting and operational experience of wells in
the region, the BWS estimates that the sustainable yield of the
Koolauloa Basal Aquifer is approximately 31-36 mgd. Estimates of
water use and sustainable yield shown in Figure 7 have been divided
into four regions along geographical (not hydrological) boundaries
suggested by John Mink. Mink's Hauula region, within which the
proposed Kaluanui Wells are located, extends from Kaluanui Stream to
Aakakii Guleh (about 0.5 miles north of Kaipapau Stream). The Hauula
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FIGURE 7

SUSTAINABLE AND EXISTING USE

OF GROUND WATER FROM

THE KOOLAULOA BASAL AQUIFER

Approximate Estimated Estimated

Approximata

Region Sustaigable Yield 1982 Use Normal Usa Undeveloped Yiald
Xahuku 10 = 15 mgd 8.0 mgd 10.0 mgd 0.0 = 5.0 opd
Laie 7 mgd 2.2 ugd 4.0 mgd 3.0 wmgd
Hauula 7 mgd 0.1 mgd 0.3 agd 6.7 mgd
Punaluu 7 mgd 3.7 =gd 6.0 mgd 1.0 =gd
Total 3l - 36 mgd 14.0 ogd 20.3 =gd 10,7 = 15.7 ogd

Hote: 1982 was a “wecr" year so pumpage vas guch lower than sormal.
Estimates of vell pumpage in Kabuku and Laie are approxima=
tions because most of the private puzmps are unmstered,

Source: BWS Geology Section
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region's share of developable ground water ip the basal aquifer is
approximately 7 ngd. [Ref. 30, P 771 By comparison, as shown in
Figure 7, the BWS has estimated that only about 0.3 mgd of ground
water is now being pumped from the Hauvula region and about 20.3 mgd
from the entire basal aquifer. Most of the existing water development
in the Laie and Kahuku regions is used for agriculture and
aquaculture, while most of the existing water development in the
Hauvula and Punaluu regions is used for municipal water supply to
windward Oghu. [Ref. 38]

G. NATURAL HAZARDS

There are no known natural hazards at the vell sites or existing jeep
trail. County Flood Insurance Rate Maps identify Kaluanui Valley as
wone D": an area of undetermined, but possible, £1ood hazard. Much
of the coastal plain bordering Kaluanui Stream is classified within
"wones B and A-2": which are areas subject to periodic shallow
flooding. Makai portions of the coastal plain also are subject to
occasional tsunami jpundation. [Ref. 21}

H. AIR QUALLTY AND HOISE
There are no significant sources of air pollution or noise in the

project area. Ambient sound levels in rural areas such as Kaluanui
Valley are typically 40 to 45 dBA.
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1. VEGETATION AND WILDLIFE

The BWS well sites and jeep access trail are in an area where pative
vegetation has largely been displaced by introduced herbaceous grasses
and shrubs. The predominant vegetation at the well sites consists of
haole koa, java plum, brassaia, christmas berry, guava, sensitive
plant, and various grasses. While native species of plaunts are
present, nome are rare Or endangered. [Appendix Al

The coastal plain makai of Kalugnui Valley is mostly abandoned sugar
cane fields. Existing vegetation primarily consists of sugar cane,
haole koa, and California grass.

The vegetation in the jmmediate project area does not provide habitat
for any rare Or endangered species of wildlife. No part of the
Kaluanui Stream watershed has been jdentified as either a marsh or
waterbird habitat. [Ref. 2, 8, 18] Three endangered waterbixd
species, the Hawaiian Gallinule @MMW,
Hawaiian stilt (Himantopus mexicanusg knudseni), and Hawaiiam coot
(Fulica americana alai), have occasionally been sighted in the wetland
on the coastal plain south of Kaluanui Stream. [Ref. 39]
Introduced species of birds present include doves, cardinals, owls,
pheasants, thrushes, and white eyes. Introduced species of mammals in
the project area probably include, mongooses, rats, feral cats, and
feral pigs. [Ref. 28, p. 411

J. STRRAM FAUHA

Hawaii's endemic stream animals include five species of fish, two
species of shrimp, and one species of mollusk. {(One other native
species of fish occurs naturally elsewhere in the Pacific Basin.) In
addition to the native aquafauna, at least fifteen species of
jntroduced fish and two aspecies of introduced 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 i8 nO
evidence that Hawaii's endemic stream animals are capable of "homing"
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on their natal strean after undergoing development in the ocean.
Man-made alterations of stream channels can eliminate stream habitat
and create barriers to upstream migration of native species.
Reduction of base stream flow by water development projects also can
create conditions which favor jntroduced species. [Ref. 6, PP- 27-30]

In terms of native aquafauna, Kaluanui Stream is omne of the few
remaining high quality streams on 0ahu., At an elevation of about
2,000 feet, VIN Pacific staff hiking the Ccastle Trail in August 1981
observed that Kaluanui Stream contained an abundant population of the
disdromous endemic shrimp, opae (Atya bisulcataj. To get therxe,
juvenile ghrimp must have migrated upstream past seven waterfalls, the
lovest of which is gacred Falls. Below Sacred Falls, an aquatic
macrofauna study for this EIS found four of the five endemic species
of £ish, both of the endemic species of ghrimp, and the one endemic
species of mollusk. [Appendix B] While the rarest endemic species
of goby (Lentipes concolor) is functionally extinct on Oahu, one
specimen was collected in 1979 makai of the Sacred Falls pool. [Ref.
19, pp. 16, 46] As of 1983, Kaluanui Stream is one of omly two
windward Oahu streams which still contain the endemic mollusk, hihiwvai
(Neritina gganosaL The other windward Cahu stream containing hihiwai
(Roloa) is relatively close to Kaluanui. [Ref. 33] Because the
mollusk spends part of its life cycle in the ocean, the origin of
juvenile hihiwai migrating into these streams has oot been determined.
Conceivably, populations of hihiwai on Oahu may be dependent on
hatchlings from relatively abundant populations of hihiwai omn Kauai,
Molokai, and Maui.

E. HISTORICAL AND ARCHAROLOGICAL FEATURES

Through 1970, sugar cane was grown on the floor of the Kaluanui Valley
bowl and on the coastal plain makai of the valley. Bulldozing and
plowing have altered the topography and destroyed any surface
archaeological features in areas where sugar cane was cultivated.
Most rocks and boulders originally present on the coastal plain have
been moved to the edge of Raluanui Stream.
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There are not sufficient archaeological remains within or makai of
Kaluanui Valley to evaluate prehistoric patterns of settlement or
gubsistence. Remnants of a dryland agricultural complex arxe present
on the lower slopes of the valley bowl, but artifacts from most of the
indigenous agricultural system and habitation sites have probably been
destroyed by bulldozing and plowing. [Ref. 29]

Archaeological reconnaissance surveys were made for this EIS of the
existing jeep trail, the route for amn extension of the jeep trail to
reach the alternative site for a second BWS well, and all proposed
well sites. No prehistoric artifacts were found along the jeep trail
or at the preferred site for a second well. Rock piles of unknown
function were found near the site of the existing exploratory well
and the alternate site for a second well. [Appendix c]

L. LAND USE

Currently the project area is mostly unimproved brush covered lands.
Persons hiking to Sacred Falls use the dirt road which provides access
to the BWS well sites.

No County projects are proposed in the project area except for BWS
facilities described in this EIS,

The Department of Land and Natural Resources (DLNR) Division of State
Parks has prepared plans for developing Sacred Falls State Park in
Kaluanui Valley and on the coastal plain makai of the valley.
Proposed facilities would accommodate hiking, picnicking, and camping
with Kaluanui Stream and Sacred Falls as the principal attractions.
An elaborate conceptual plan for park improvements will probably not
be implemented in the foreseeable future due to a shortage of funds.
[Ref. 28, Ref. 34] BRecent construction plans are shown in Figure 8.
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M. UTILITIES ARD INFRASTRUCTURE

Access to the BWS well sites from Kamehameha Highway is by dirt road
and jeep trail in Sacred Falls State Park. Private vehicles are
currently barred from driving within the Park, but the BWS and DLNR
have keys to the access gate.

There are no existing utilities at the well sites. Electrical power
and telephone service are available from overhead lines on Kamehameha
Highway. There are a few portable toilets at the makai parking lot of
gacred Falls State Park. Otherwise, the project area is served by
neither public nor private sewage treatment facilities.
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CHAPTER IIX. ERVIRONMENTAL IMPACIS AND MITIGATION MEASURES

A. FBROJECT SITE

The proposed action will increase the number of structures in Sacred
Falls State Park. Fences at both well sites, the control building,
the paved access road, and overhead utility lines may be visible from
several locations within the park. In order to minimize adverse
visual impacts, landscaping and structures will be subject to design
review by the Division of State Parks. The architectural style of the
control building will be as unobtrusive as possible, and the Division
of State Parks will need to approve its siting. Overhead electrical
and telephone lines for the Kaluanui Wells will utilize the same poles
as the overhead utility lines for the park.

Provided that production facilities at the Kaluanui Wells are
adequately landscaped, they will not significantly affect the
recreational value or aesthetics of Sacred Falls State Park.
Submersible pumps will be used to prevent noise from anmmoying park
users. The existing jeep trail to the Kaluanui Wells is proposed for
use as an access road for park maintenance vehicles in the now
outdated development plan for Sacred Falls State Park but is not
incorporated in recent park comstruction plans. These construction
plans propose that the brush covered slopes of Kaluanui Valley
{including the well sites) remain undeveloped while the flatter
sections of the valley bowl be improved for camping, picnicking, and
hiking.

Construction~related impacts such as dust and erosion will be
minimized by standard mitigation measures. Erosion will be controlled
by limiting the cut areas and by landscaping. Dust will be controlled
by sprinkling as required. Comstruction noise will occur only during
daylight hours Monday to Friday. Contractors will maintain their
equipment to minimize noise and exhaust emissions in compliance with
DOE regulations. Construction equipment will mostly remain on site
and will not significantly affect traffic on Kamehameha Highway.

Development of production facilities for the most part will onmnly
require removal of common introduced plants. No rare or endangered
species will be affected. Likewise, development of proposed
facilities will not adversely affect any rare or endangered species of
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birds, mammals, snails, or stream fauna.

Known archaeological resources near the well sites will be avoided.
If any cultural materials are encountered, then construction will stop
and the BWS will notify the DLNR Historic Sites Office. The BWS
will notify DLNR archaeologists prior to conducting any trenching so
that they may examine trenches for any cultural remains.

B. EKALUANUI STREAM

Kalugnui Stream is perennial at high elevations but is naturally
intermittent at low elevations. This is because the sources of stream
flow are runoff from rainfall and high level dike confined ground
water but not basal ground water.

The static head of the existing BWS exploratory well in Kaluanui
Valley was 21.2 feet msl prior to test pumping on June 8, 1982,
[Ref. 11] 1f the basal ground water being developed by this well
were able to enter Kaluanui Stream, then the stream would have
perennial flow at its makai end. However, on June 2 and 3, 1982,
there was no detectable flow in the makai 3,300 feet of Kaluanui
Stream channel below an elevation of 20 feet. [Ref. 25] The
implication is that relatively impermeable alluvium underlying the
valley prevents basal ground water from entering Kaluanui Stream.

On June 2 and 3, 1982, Kaluanui Stream had a flow of about 0.28 mgd at
an elevation of 110 feet, but virtually mo flow below an elevation of
about 25 feet. Hence, the dry weather flow of Kaluanui Stream
naturally percolates into the permeable stream bed alluvium at an
elevation higher than the static head of basal ground water in
Kalusnui Valley. [Ref. 11, Ref. 25]

Withdrawal of basal ground water by the BWS Kaluanui Wells will not
directly affect the flow of Kaluanui Stream or Sacred Falls. However,
there is a remote possibility that long—term pumping of the Kaluanui
Wells might cause a small reduction in high level springs which feed
Kaluanui Stream. In order for the Kaluanui Wells to affect stream
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flow, the basal lens in Kaluanui Valley would have to be hydraulically
connected to high level dike compartments which feed Kaluanui Stream.
Other things being equal, in cases where water flows through dikes,
leakage between two dike compartments will be proportional to their
difference in water pressure (i.e. head). The same would be true of
underflow from a dike compartment to a basal lems. Hence, by reducing
the head of a basal lens, it theoretically is possible for a basal
vell to increase leakage out of "upstream" dike compartments and thus
reduce dike reservoir discharge into a stream above the static head of

the well.

If this kind of effect occurred, which is unlikely, then it would
affect the flow of Raluanui Stream. To put matters into perspective,
if the basal lems in Kaluanui Valley were hydraulically connected to a
dike compartment with a 1,000-foot head, then a 2-foot reduction in
the head of the basal lens at most would only cause a 0.22 increase
in leakage out of such a dike compartment. Any resulting reduction in
dry-weather stream flow probably would not be measureable and
definitely would not have the potential to affect stream fauna,
wetlands, or waterbird habitat.

C. BASAL GROUND WATER

Regardless of whether or not the Koolauloa Basal Aquifer is
hydrologically continuous between Punaluu and Kahuku or is
compartmentalized between sedimentary £fill material in valleys,
adequate ground water is available to allow additional water
development in Kaluanui Valley without adverse effect on the yield of
existing wells in the aquifer. Moreover, the BWS Kaluanui Wells will
not preclude development of new BWS wells or use of presently unused
wells to tap undeveloped ground water elsewhere im Koolauloa.

Based on the results of a 1961 pump test for Well 3554-02 near
Kaluanui and a 1982 pump test for all BWS Punaluu wells, it seems
likely that withdrawal of 3 mgd by the proposed BWS Kaluanui Wells
will produce a slight (but not harmful) drawdown in the static head of
wells within a distance of a few thousand feet. As shown in Figure 6
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and Table 3, the only private well in use within a mile of the
proposed BWS wells is Well 3654-03 owned by Kapaka Farm.

Allocation of the remaining undeveloped ground water in the Koolauloa
Basal Aquifer is an unresolved issue. Unless existing water law is

changed by the State Legislature or County Council, it seems likely"

that competing demands for limited water resources will be resolved on
a first~come first-served basis. BWS Rules and Regulations authorize
the BWS to prohibit new wells and restrict pumpage from existing wells
vhen necessary to prevent overdraft of or salt water intrusion into an
aquifer. The State BLNR is granted similar powers pursuant to Chapter
177, HRS.

If all proposed public and private water development projects in
Koolauloa were implemented, then they would exceed the sustainable
yield of the basal aquifer. Hence, BWS or BLNR regulation of wells
will inevitably be necessary to protect the aquifer. As shown in
Figure 7, there are approximately 11 to 16 mgd of undeveloped ground
water remaining in the aquifer. By compariscn, in the Kahuku area,

lessees of Campbell Estate have proposed to increase draft by 0.4 mgd’

and the State Department of Agriculture is contemplating use of 1 mgd
for development of am agricultural park. {Ref. 37, pp. II-9, 1V-5]
In the Laie region, the existing BWS Laie and Wailele exploratory
wells could develop up to 3 mgd when put into production. Imn the
Hauula region, the proposed BWS Kaipapau, Maakua and Kaluanui wells
could develop between 4 to 7 mgd and N. Holt has proposed to put the
presently unused Well 3654-02 into production for aquaculture.
(Figure 6) In the Punaluu region, the existing BWS Pumaluu V-A
exploratory well could develop up to 1.3 mgd if put into production.
Also, Sakoda Realty has proposed to develop 1 mgd from the presently
unused Well 3654~-04 for aquaculture.

D. GROWTH AND LAND USE
Production of potable water for domestic use by the Kaluanui Wells

will accommodate, but not induce, development on Oshu. Net population
growth on Oahu is primarily due to resident birth rates and the number
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of jobs on Oahu. Availability of water is a 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 sources like
the Kaluanui Wells will be to meet the needs of Windward Oahu, any
excess water can be exported to Honolulu. This in turn will allow
water from the Pearl Barbor aquifer not needed in Honolulu to be used
in the Pearl Harbor District.

E. UEAVOIDABLE AINERSE IMPACIS

The only unavoidable adverse impact is that some of the proposed water
production facilities will be visible from several locations within
Sacred Falls State Park. Landscaping will be used to mitigate visual
impacts.

F. COMMITMENT OF RESOURCES, FUTURE OPTIONS, AND LONG TERM PRODUCTIVITY

Once production facilities are installed for the Raluanui Wells, the
BWS will be committed to using them. Ground water in the Koolauloa
basal aquifer is a renewable resource. Water withdrawal will not
exceed sustairnable yield. The only non-renewable resources that will
be committed to the project are materials and labor.
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G. GOVERNMENT POLICIES OFFSETTING ADVERSE IMPACIS

Unless sufficient water is available to meet demand, the BWS will be
forced to deny hook-ups or to not issue new water meters larger than
5/8", In effect this would impose a moratorium on most new
development and delay creation of housing called for in the Oahu
General Plan and the Hawaii State Plan.
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1V. BELATIONSHIP OF THE PROJECY TO LAND USE PLANS, POLICIES, AND CONTROLS

Proposed production facilities for the Kaluanui Wells will be in
conformance with adopted land use Plans and policies, and alseo with
conditions and standards imposed by applicable land use controls. The
following paragraphs deascribe applicable plans, policies, and controls as

they relate to the project.

A. S!ATEPIAIAIDSIATEHIDUSEWHIROLS

The Hawaii State Plan, enacted by Act 100, SLH 1978, indicates
legislative intent to:

Ensure that adequate support services 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 native to Hawajii. (Section 226-11(b)(6),
HRS)

Promote the preservation and restoration of significant matural
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 lands 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 so that negative impacts on
the environment would be minimal. (Section 226-104(c)(4), HRS)
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Identify critical environmental areas in Hawaii to include but not
be limited to the following: watershed and recharge areas;
wildlife habitats (on land and in the ocean); areas with
endangered species of plants and wildlife; mnatural streams and
water bodies; scenic and recreational shoreline resources; open
space and natural areas; historiec 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 Kaluanui Wells will
provide a portion of the water needed to accommodate population growth
indicated in the 1982 Oahu General Plan, The project will affect
neither the quantity nor quality of flow in Kaluanui Stream.
Appropriate mitigation measures will be used to ensure that the
project will not adversely affect natural or historic resources,
wildlife habitat, or scenic or recreational resources. A full
discussion of impacts is contained in Chapter IILIL.

State land use controls to implement the State Plan are designated in
Section 226-52, HRS. These are district boundary classification by
the State Land Use Commission (LUC) and Conservation District Use
Permits (CDUP) by the Board of Land and Natural Resources (BLNR).
Pursuant to Chapter 205, HRS, the LUC has classified all land within
the State into four land use districts: Urban, Rural, Agricultural,
and Conservation. The BLNR regulates use of all lands which within
the Comservation District, while the counties regulate land use in
the other districts.

Approximately 100 feet of proposed water transmission main and
overhead utility lines will be within the Urban District. Otherwise,
proposed production facilities for the Kaluanui Wells will be entirely
within the Agricultural District. (Consequently, a CDUP is not
required.) The Kaluanui Wells and ancillary facilities are
permissible uses within both the Urban and Agricultural Districts
pursuant to Part IIL of the LUC State Land Use District Regulatioms.
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B. STATE COASTAL ZONE MANAGEMENT PROGRAM

The State Coastal Zone Management (czM) Program (Chapter 2054, HRS)
explicitly requires public agencies to protect the habitat of
waterbirds and diadromous strean fauna. Part II of Chaper 205A has
established a County administered Special Management Area permit
system to implement the Hawaii CZM Program. About 3,000 feet of
proposed underground water transmission main and overhead utility
lines will be within the County CZM Special Management Area. [Figure
9] Proposed water production facilities will comply with the State
CZM Program because they will not significantly affect Kaluanui
Stream, stream fauna, or wetland waterbird habitat.

C. COUNTY GENERAL PLAN ARD ZONING

The Kaluanui 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.

Proposed BWS facilities will be on lands zoned either P-1 or AG-l.
The Kaluanui Wells and ancillary facilities are permitted uses
pursuant to the County Comprehensive Zoning Code.
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V. ALTERRATIVES 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 APPROACRES
l. Conservation, Bulkheading of Tunnels, Controlling Leaks
2. Desalinization of Brackish Water
3. Exchanging Water with Agriculture
4. Using Non-Potable Water for Landscaping
5. Trapping Storm Runoff
6. Taking Stream Water
7. Taking Agricultural Water
8. Increasing Water Prices

A. HO FROJECT

Over the next several years, total Oahu water demand isg projected to
increase to the point where the BWS will have to seriously explore all
feasible optioms. 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.

B. ALTERRATIVE SITES

There are undoubtably many other sites on Oahu where water can be
developed. Over the next few years, both the BWS and the DLNR
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(DOWALD) will be conducting extensive field investigations for new
sources. However, other well sites will not serve as alternatives to
the Kaluanui Wells since these other sites will also be needed to meet
the island's growing water demands.

In general, leeward QOahu well sites would tend to produce less water
than windward Oahu sites. But, unlike most leeward Oahu well sites,
many of the possible alternative windward sites have the potential to
reduce the amount of water flowing in perennial streams.

C. ISLAND-WIDE APFROACHES

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 serve as a feasible alternative to
the Kalvanui Wells by freeing water from the Pearl Harbor aquifer to
be pumped to other parts of leeward Oahu.

l. 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, comnstructing 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 water saving devices in new toilets and
recirculating systems for new cooling equipment after November 9,
1979, Water savings could be expanded by installing similar
devices in toilets and cooling equipment in existence prior to
November 1979. While the BWS currently is not authorized by
statute or ordimance to subsidize "retrofitting" old fixtures with
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water saving devices, there could be merit in such a program.
However, at present, there is no reliable data on the water
savings that could be expected, or the actual cost of a
retrofitting program.

Part of Oahu's water supply comes from high level tunnels driven
into the Koolau and Waianae mountains. Water trapped in the
permeable basalt by impermeable lava dikes is developed by these
tunpels. By bulkheading at the dikes (installing an impermeable
seal in the tunmel), a tunuel 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. 27, p. 105]

In fiscal year 1982-83, approximately 10,92 of the water input
into the overall BWS system was unaccounted for. This includes
meter errors, non-metered uses (£ire, line flushing, etc.) and an
unknown amount of leakage. A leak detection and repair program,
concentrating on areas that had high percentages of unaccounted-
for water, was ipnitiated in 1976. When the program was
temporarily curtailed in 1978, approximately 135 miles of water
main had been inspected but relatively few leaks had been found.
Consideration is being given to reviving the program.

2. Demineralization of Brackish Water. Large quantities of
brackish ground water could be made available for domestic use if
excess Balt were removed. Demineralization techmiques are
available which, although more expensive than normal ground water
development, are considerably less costly than desalting ocean
water. It has been estimated that in 1982, construction of an 8
mgd reverse osmosis demineralization plant to treat water from the
Pearl Harbor Springs would cost approximately $11.4 miliion. The
total annual cost of potable water from this plant would have been
approximately $1.60 per 1,000 gallons. 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 mostly produced with non-renewable fossil
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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 some
potable water used to irrigate sugar cane on leeward and central
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 to approve any increase in BWS
pumpage from the Pearl Harbor Ground Water Control Area (GWCA)
made possible by a permanent decrease in pumpage from 0SC wells in
the Pearl Harboxr GWCA.

Without dilution, only 7 mgd of well water now used by Oahu Sugar
Company could meet the Federal requirement that chloride
concentration in drinking wvater be less than 250 ppm. [Ref.17]
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. 23, p. 279]
Waiahole Ditch water would be suitable for domestic use if given
nminimal 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,
chemical compounds (e.g. nitrates), or infectious agents are not
adequately neutralized 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 irrigate sugar camne
growing above relatively impermeable marine and sedimentary
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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 water for irrigation above 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 irrigation indicate that
problems with canme 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 irrigation water. Because of cost,
County plans are only to upgrade Honouliuli WTP to provide
advanced primary treatment.

4, Using Hon-Potable Water for Landscaping. Brackish water
could potentially be used instead of potable water to irrigate
landscaping and parks located above caprock. For 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, Bawaii Loa College, and Hawaiian Memorial
Park Cemetery.

5. Trapping Storm Runoff. 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 variatiom 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 Oahu's basal water supply.
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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.
Preliminary BWS studies indicate cost per gallon saved is
unfavorable because of high construction and land acquisition
costs,.

6. Tapping Stream Water. Surface water on Oahu could
theoretically be treated and then used for human consumption.
However, there would be formidable political and legal obstacles
including 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 in the range of 9 to 12 mgd each. However, development
and treatment of surface water from these streams would probably
be more costly than to install 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.

8. Increasing Water Prices. The rate for water assessed by the
BWS is set 80 as to cover costs, including some development of new
sources, but not to make a 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 pex 1,000 gallons, representing an
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jnerease of around 8% per year. Above 13,000 gallons per month,
only agricultural users are€ given a reduced rate of $0.61 per
1,000 gallons. Prior to July 1980, industrial users were also
given a reduced rate; but 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 Hawaii
Inatitute for Management and Analysis in Government (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. 4,
pp. 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 turn to wore expensive water
sources such as brackish epring wateI. Peak load pricing ‘has not
yet been adopted, but as previously noted, the discounted rate
formerly given to large jndustrial users has been eliminated in

order to encourage water conservation.
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VI. HNECESSARY APFROVALS
1. Approval of this EIS by the Governor.

2. BLNR easement for use of State land within Sacred Falls State
Park.

3. County Special Management Area (SMA) permit for development of
overhead power and telephone lines and an underground water
transmission main within the SMA.

4. Other County permits (e.g. erosion control and building) to
construct proposed facilities.

5. DOH approval of domestic use of water from the Kaluanui Wells
pursuant to Title 11, Chapter 20, DOH Administrative Rules.

Since no development is planned within a wetland, a Department of
the Army Permit and a Coastal Zone Management Consistency
Certification (from DPED) are not required.

VII, SUMMARY OF UNRESOLVED ISSUES

Adequate ground water is available for the BWS Kaluanui Wells. However,
allocation of remaining undeveloped ground water in the Koolauloa Basal
Aquifer is an unresolved issue. If all proposed public and private water
development projects in Koolauloa were implemented, then they would
exceed the sustainable yield of the aquifer. Eence, it may soon become
necessary for either the BWS or BLNR to restrict additional pumpage from
the basal aquifer.
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VIII. ORGANIZATIONS AND PARTIES CONSULTED

[Comments and Responses on the EIS Preparation Notice and Draft
EIS are Reproduced in Appendix D]

A, FEDERAL GOVERNMENT

%*

* % % #

Department of Agriculture Soil Comservation Service (D-1, D-17)
Department of the Air Force, Headquarters 15th Air Base Wing (D-17)
Department o the Army, Corps of Engineers Pacific Ocean Division

(p-1, D-18)
Department of the Interior

Fish and Wildlife Sexvice (D-3. D-19)

Geological Survey (D-20)
Department of the Navy, Headquarters Naval Base Pearl Harbor (D-20)
Department of Transportation, Commander 14th Coast Guard District (D-21)

STATE OF HAWAIL
Department of Accounting and General Services (D-21)
Department of Agriculture (D-4, D-22)
Department of Defemse (D-23)
Department of Health (D-23)
Department of Land and Natural Resources (D=5, D-7, D-24)
Department of Planning and Economic Development (D-26)
Department of Tramsportationm (D-8, D=-27)
Office of Envirommental Quality Control (D-28)
University of Hawaii

Envirommental Center (D-9, D-29)

Water Resources Research Center (D-10, D-31)
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C. CITY AND COUNIY OF HONOLULU
* Building Department (D-32)
Department of General Planning (D-10, D-33)

§ * Department of Housing and Community Development

Department of Land Utilizatiom (D-11, D-33)
* Department of Parks and Recreation (D-34)
Department of Public Works (D-12, D-35)

Department of Transportation Services (D-13, D-36)

* Fire Department (D-36)
* Police Department (D-37)

D. COMMUNITY ,
* Hawaiian Electric Company, Inc. (D-37)
* Koolauloa Neighborhood Board (D-39)

# Life of the Land (D-14)

f# * Sierra Club

# * Audubon Society

# * Punaluuu Community Association

# * Laie Community Association

§# * Kapaka Farm

{# * Hanahano Enterprises

§ * George Sakoda Realty

* Yo response to the EIS Preparation Notice
# No response to the Draft EIS -
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APPENDIX A

BOTANICAL SURVEY



PROPOSED KALUANUI STREAM WATER WELL SITE
Report of Botanical Survey

Grant Gerrish
March 13, 1979

Vegetation Zone

According to Egler's (1939) zonation of the vegetation of
0ahu, the proposed Kaluanui water well site is located in the
Guava Zone. The native vegetation of this zone has largely
been displaced by introducéd herbaceous grasses and shrubs

(Egler 1939).

Existing Vegetation

The site is covered by secondary scrub forest and an

abandoned sugar cane (Saccharum officinarum) field. 1In the

old field, untended sugar cane persists mixed with Brachiaria

mutica (Califeornia grass), and other intrxoduced herbaceocus

plants. Leucaena leucocephala trees occur mixed with the sugar

cane.

The scrub forest on the site is dominated by Leucaena

leucocephalaat the lowest elevation, but upslope the Leucaena

is replaced by a dense thicket of Schinus terebinthifolius

with scattered Psidium guajava trees. The native shrub,

Wikstroemia oahuensis, is infrequent at lower elevations but
becomes more common upslope. Other native plants found in the

Schinus thicket are Osteomeles anthgllidifolia and Peperomia

latifolia. Scattered individuals of Eugenia cumirni, Brassaia

actinophylla, and Mangifera indica (mango) occur about the site.




Kaluanui - 2

Access Road

The unimproved road that provides access to the site from
state highway 83, closely parallels Kaluanui Stream. The north-
west side of the road is lined with old sugar cane fields and

Leucaena trees. Brachiaria forms a dense ground cover beneath

the Leucaena trees. Kaluanui Stream is on the southeast side
of the road. The roadside and stream banks are covered by

Leucaena and Eugenia cumini with an occasional Aleurites

moluccana (kukui nut) tree. Brachiaria and Commelina diffusa

dominate the herbaceous layer. Many common roadside weeds are

found along the access road.

Reccomendations

The vegetation of the proposed well site is made up

of common introduced plant species. None of the several

native plants found on the site are listed as rare or endangered

(Federal Register 1976).

References

Egler, F. E. 1839. Vegetation zones of Oahu, Hawaii. Empire
Forestry Journal 18(1):1-14.

Federal Register. June 16, 1976. Endangered and threatened
plants: Proposed Rules. Dept. of the Interior, Fish and
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Kaluanui Stream Water Well Site - Species List

A listing of plants found at the proposed well site and along the

access road leading to the site.

Nomenclature of flowering plants follows that of H. St.

John.

1973. List and Summary of the flowering plants in the Hawaiian

Islands.

N = Native; E = Exotic (introduced to Hawaii by man).

SPECIES FAMILY

Ferns and Fern Allies

Cyclosﬁgrus dentatus (Forsk.) Ching Aspidiaceae

Microsorium scolopendria (Burm.) Copel. Polypodiaceae

Nephrolepis exaltata {L.) Schott Davalliaceae
Pleopeltis thunbergiana Kaulf. Polypodiaceae
Psilotum nudum (L.) Griseb. Psilotaceae

Flowering Plants

Aleurites moluccana (L.)rwild. Euphorbiaceae
Bidens pilosa L. Compositae
Brachiaria mutica (Forsk.) Stapf Gramineae
Brassaia actinophylla Endl. Araliaceae
Cassia leschenaultiana DC. Leguminosae
Centella asiatica (L.) Urban Umbelliferae
Chloris virgata Sw. Gramineae
Coix lachryma-jobi L. Gramineae
Commelina diffusa Burm. £. Commelinaceae
Cordyline terminalis (L.) Kunth Liliaceae
Crotolaria mucronata Desv. Leguminosae
Desmodium uncinatum (Jacg.) DC. Leguminosae

A-3
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SPECIES

Eleusine indica (L.) Gaertn.

Eugenia cumini (L.) Druce

Lantana camara L.
M“

Leucaena leucocephala (Lam.) de Wit

- Mangifera indica L.

Musa sp. L. .

Osteomeles anthyllidifolia Lindl.

Oxalis corniculata L.

Paspalum fimbriatum HBK

Passiflora edulis Sims

Passiflora suberosa L.

Phyllanthus debilis Klein ex Wild.

Plantage major L.

Pluchea odorata (L.) Cass.

Psidium guajava L.

Saccharum officinarum L.

Schinus terebinthifolius Raddi

Spathoglottis plicata Bl.

Stachytarpheta jamaicensis (L.) vahl

Wikstroemia oahuensis (Gray) Rock

Peperomia latifolia Migq.

FAMILY
Gramineae
Myrtaceae
Verbenaceae
Leguminosae
Anacardiaceae
Musaceae
Rosaceae
Oxalidaceae
Gramineae
Passifloraceae
Passifloraceae
Euphorbiaceae
Plantaginaceae
Compositae
Myrtaceae
Gramineae
Anacardiaceae
Orchidaceae
Verbenaceae

Thymeliaceae

Piperaceae

STATUS

N/E

E

E
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AQUATIC MACROFAUNA STUDY



Biological Reconnaissance of Kaluanui Stream, Oahu
by

Amadeo S. Timbol, Fh. D. JUN 01
Aquatic Biologist

Introduction

This study was made at the request of VIN Pacific in connection with
a proposed well for the Board of Water Supply in the vicinity of Kaluanui
Stream. Kaluanui Stream, located between Punaluu and Hauula on the windward
side of Oahu, is a perennial stream. It has a total of 13.7 km channel ‘
length and a watershed area of 5.7 km®. The mainstream is continuous, while
its north tributary is interrupted (see Methods for definitionms)., Kaluanui
has a series of three waterfalls only one of which is easily accessible,
Iikewise, the stream channel is reasonably accessible only from the mouth
up to the first waterfall (Sacred Falls). This accessible stream chanmmel
(3.6 km of mainstream and 2 km of the north tributary constituting 40% of
total stream channel) was examined. 4 map showing the watershed, positions
of mainstream and tributaries, and locations of sampling stations is found
in Appendix A.

The objectives of this study are: (1) to determine the presence or
absence of threatened species in Kaluanui Stream; (2) to compile-a list of
resident aquatic macrofauna and compare it with those of Punaluu and Ahui-
manu streams, both alsc on windward Gahu; (3) to determine macrofaunal dig-
tribution and abundances; (4) discuss the Possible effects of dewatering
(e. g. elevated temperatures) on important stream residents; and (5) make
an assessment of the stream's ecologlcal quality status on the basis of its
biologlcal and physical features.

There are no published biological work on Kaluanul Stream, Kaluanui
has been visited by biologists of the Division of Fish and Game and results
of visual observations and non-quantitative collecting are in Shima (1965).

The evolutionary source or origin of a glven species becomes important
as environmental awareness increases. The fauna of Hawail streams is char-
acterlzed by a low diversity of species but a high degree of endemism. The
more consplcuous of the native aquatic animals such as fishes and crustaceans
are characteristic of the middle and lower stream areas. The lesser compo-
nents are aquatic insects which are characteristic of the middle and upper
reaches but may be found throughout the watercourse.

The conspicuous native animals in a strean typically numbers ten species
(6 fishes, 2 shrimps, 1 mollusk, and 1 polychaete worm). Seven of these
specles { .5 gobles and goby-like fishes, 1 prawn, 1 mollusk) are obligately
diadromous - meaning they reside in streams but undergo larval development
in the ocean. Thus, these seven species must have suitable environmental
conditions throughout the stream channel for larvae to reach the ocean and
for postlarvae to return weeks or months later to migrate upstream to their

B-1
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places of permanent residence. One small shrimp is also diadromous but

possibly can also complete 1ts life cycle entirely in the stream. Habitat
requirements for the polychaete worm has not been determined but it is
possibly diadromous since the species is also found in bracklish or estuarine
localities elsewhere (Hartman 1959). The tenth species is a silvery perch-
like marine fish whose juveniles are regular freshwater visitors.

- e

Methods

Seven statlons were selected: six on the mainstream and one on the
north tributary. Two of the six mainstream stations are downstream of the
project site. A resume of features for each station are in Appendix B and
their approximate locations in the stream are in Appendix A.

A stretch of 20 x 1 m of stream channel was pre-measured and animals
which could be seen were ldentlified 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 native mollusks (e.gz. Neritina
granosa or hihiwai), Where found, efforts were made not to disturb the ani-
mals, A count was made visually and where visibility was limited, by run-
ing my hands around the sides of boulders. In only one instance was a stone
with hihiwal lifted ocut of the water, only long enough to take a couple of
plctures. The stone (with hihiwai) was returnmed to the same position.

Macrobenthos (bottom-dwelling insect larvae, minute snails and worms)
were sampled with a surber sampler at about the middle of the stream bed.
'The net was set downstream of a 0,09 m? frame from which the collection is
to be made. large stones were plcked and organisms were washed from them
into the net. After the larger stones had been picked up, washed and dis-
carded, the remainder of the area inside the frame was gently churned to
wash burrowing forms Into the net. The contents of the net were placed in
an ice chest while in the field and later, in the freezer, The animals were
sorted, identified, and counted within the week of collection.

The resulting macrofauna list was checked for endangered and threatened
species using the followlng list and scientlific publications: USFWS Iist of
?n ered and Threatened Specles (1977), Maciolek (in press), and Miller

1972).

Terms used in the text are: depleted whlch means that the organisms
are still found in numbers adequate for survival but has been heavily
depleted and continues to decline substantially (Miller 1972); rare are
those not under immediate threat of extinetion but occurs in small numbers;
endangered are those that are actively threatened with extinction; and
threatened species include those which are depleted, rare, or endangered.
Additional terms needing clarification are: endemic,.which means occurring
naturally in Hawall only; indigenous means occurring naturally in Hawali
and elsewhere; native includes both indigencus and endemic; and introduced
(= exotic) .means that the animal was brought to Hawaii either accidentally
or intentionally,

ot
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On the basis of water source, flow and biological features, a peren-
nial stream has water in all or part of its channel throughout the yeax and
harbour aquatic animals that need water continuously. A perennial stream
may be continuous when it flows naturally to the sea year-round under normal
conditions or 1t may be interrupted when it sometimes flows on or sometimes
below the surface. An interrupted streanm normally discharges into the sea
only during wet seasons. Perennial streams recelve thelr waters mostly
through seepage and syrings and subsurface water. In the immediate dralinage
area, the water table usually stands at a higher level than the floor of
the stream.

For purposes of this report, abundant (+++) means many individuvals,
from 6 to 100 or more., Common (++) indicates that between 2 and 5 were
observed or caught, while uncommon (+) means that only one was sighted or
caught. Absent (0) means it was neither seen nor collected,

Results

Conspicuous macrofauna was sampled using a combination of visual obser-
vation and hand netting techniques. Other warkers (Ford 1974, USFWS 1977,
Nerton, et al. 1978, Timbol and Maciolek 1978) use backpack electroshockers.
Visual observation-hand nettlng is more "efficlent" on non-gecretive speciles
such as Awaous stamineus (o'opu nakeas) and Xiphophorus helleri (swordtail).
On the other hand, electroshocking allows the detection and capture of spe-
cles that are hidden diurnally (e. g. Clarias fuscus or Chinese catfish and
Misgurnus anguillicaudatus or dojo). The special characteristics of each
method should be considered 1n comparing results in this study with those
obtained by other workers. Thus, it is possible that the dojo is under=—
represented while the swordtall could be over-represented in this survey.

The less consplcuous macrofauna (macrobenthos) was obtained using
standard methods, making results directly comparable with previcus studles.

Inventory

Results, based on two collections per statlon, indicate at least 26
species of aquatic and semi-aquatic animals are in Kaluanul Stream and 1ts
aerth tributary (Table1). These are: 11 fishes, 2 amphibians, 3 crustaceans,
1 mollusk, 2 annelids, and 7 insects. Of these, 13 species (50% of total)
are native to Hawali.

The important components of the animal commmity are the diadromous
pative animals, namely 5 fishes, 2 decapod crustaceans, and 1 mollusk., Of
these eight diadromous specles, three (Awaocus stamineus, Sicydium stimpsoni,
and Neritina granosa) are listed as threatened in scientific publications
gsee Table 1). Absent at Kaluanul 1s the native goby, Lentipes concolor

o'opu alamo'o), a candidate for the endangered species 1ist, This is to
be expected since this specles had not been collected on Oahu for several
years noOw.

The more important of the resident animals are the three threatened
species, the endemic shrimp Atya bisulcata (o'pae kala-ole) and the exotic
poeciliid, Xiphophorus helleri iswordtails. Fach is briefly described as
follows:
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Table 1. Iist of Aquatic Macrofauna in Kaluanui Strean and Tts (North)
Tributary, Cahu (March - May 1979).
Scientific Name Local Name Origin Listt
A. PISCES .
1. Awaous genivittatus o'opu naniha indigenous none 2
2. Awaous stamineus o'opu nakea endemic depleted
3. Clarlas fuscus Chinese catfish introduced none
L, Eleotrls sandwicensis o'opu okuhe endemic none
5. Kuhlia sandvicensis aholehole endemic none
6. Misgurnus anguillicaudatus dojo intreduced none
7. Mugil cephalus fingerlings> mullet indigenous  none
8, Poeciliid poeciliids introduced none
9. Sicydium stimpsoni o'opu nopill endemic rared
10. Tilapia (=Sarotherodon) 6
mossambica tilapla introduced none
11, Xiphophorus hellerd swordtall introduced none
B. AMPHIBIA
i. Bufo marinus adults toad introduced none
2. Rapa rugosa adults frog introduced none
C. CRUSTACEA .
1. Atya bisulcata o'pae kala'ole endemlc none
2. Macrotrachium grandimanus . o'pae o'eha'a . endemlc none
3, Maorobrachium lar Tahitian prawn introduced none
D, MOLLUSEA
1. Neritina granosa hihiwal endemic ra;e7‘:
E. ANNELIDA
1. Nemalycastis abiuma polychaete worm indlgenous none
2. Hirudlinea leech unknown none
F, INSECIA :
1, Diptera: Chironomidae midge larvae endemic none
2. Diptera: Empididae
Hemerodromlia sp. introduced none
3. Dipteras Ephydridae trinefly larvae endemic none
4, Diptera: Tipulidae cranefly larvae endemic none
5. Ddonatas Zygoptexa... damselfly nalads undetermined none
6. Trichoptera: Cheumatopsyche
analls : daddisfly introduced none
7. Trichoptera: Oxyethira maya microcaddisfly introduced none

1Considered as rare, endangered, threatened or depleted in officlal register

or sclentific publications.
2ller 1972

N e
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3Possibly includes two other mullet species, Chelon engeli (introduced),
and Neomyxus chaptalii (indigenous).

Includes Xiphophorus fry and possibly Gambusia affinis {mosquitofish -
introduced), and Poeclliz reticulata (wild guppy - introduced) fry.

Miller 1972

6Possibly includes one or more of the other tilapia specles (T. macrochir,
T. melancpleura, and T. zilli) known to be established in Hawail's streans.
A1l tilapia species are introduced.

?Maciolek. in press

L

1. Awaocus stamineus (o'opu nakea)

The o'opu nakea 1s the largest (up to 35 cm) of the freshwater gobies.
The 1ife history of this endemic goby has been studied by Ego (1957). On
Kauail, the nakea supports a seasonal, ethnic fishery., It is an obligately
diadromous animal and needs suitable environmental conditions throughout
the stream channel for the nakea larvae to reach the ocean and the post-
larvae (hinana) to migrate upstream to their place of permanent residence

2., Sicydium stimpsoni (o'opu nopili)

The 1ife history of o'opu noplli has been determined by Tomihama (1972).
This endemic goby reaches up to 18 cm, is found in all stream areas, but
mostly in the lower reaches of the streams. Each female produces several
thousand eggs. The larvae are swept to sea, live as plankton and metamorphose
into postlarvae at stream mouths and mlgrate upstream to places of permanent
residences.

3, Xiphophorus helleri (swordtall)

This small (up to 15 cm), first introduced in 1922, live bearing peoci-
1iid,. origirated from the American troplcs and subiropies. Apparently
two varieties have been introduced, the green swordtail and the red hybrid
swordtall type. Males have an intromittent organ, the gonopodium, and
fertilization is internal. Intervals between troods are approximately 30
days, with the young emerging live from females. The fish feeds on minute
insects and other small animals.

L, Atya bisulcata (o'pae kala'ole)

This small (up to 8 cm) endemic shrimp (kala'ole = spineless) is fre-
quently found abundant in most streams with perennial water, mostly in mid-
dle and upper reaches of the stream. Sometlmes, it 1s nearly black. It
is primarily a detrital (suspended organic matter) feeder and is usually
abundant in most high grade streams where it thrives in the fastest riffles,
Tt is a diadromous species but unlike obligately diadromous species (e. g.
gobies), 1t apparently can also complete i1ts life cycle in freshwater.



5, Neritina granosa (hihiwai)

This diadromous endemic moliusk (Fig. 1) is the largest neritid (up
to 6 cm shell diameter). It is common in remote streams on other islands
but occurs sparingly in only a few Cehu streams. Some aspects of biology
of the hihiwai are found in Maciolek (in press) and Vermeij (1969). The
hihiwai is usually found in clear, bouldery, steep-gradient streams. The -
hihiwai has been harvested for food since the old days. Today, it commands .
about 10 centszpiece. As in the diadromous gobies, the hihiwai larvae are
swept to the ocean in outflowing water where they undergo transitional lar- .
val development as nmarine plankton. They reappear at stream mouths as
pre juveniles and migrate upstrean. ) ol -

Results based on one collection per station show seven insect species.
None of these are diadromous and none of these are in the threatened lisis.

Distribution and Abufidances’

The cccurrence and relative abundances of the stream animals are shown
in Table 2. Three specles (o'opu nakea, Tahitian prawn, and Chironomid
larvae) are distributed throughout the mainstream. Thirteen specles are
found only in the lower reaches of the siream (Stations 1 and 2, downstream
of project site). In general, there is an increase in the number of species .,
in a downstream directlon. -

.
i

Tt should be noted that the north tributary is extremely poor in species
as compared with the mainstream, This is due to dhe difference 1n water
flow. The mainstream flows continuously while the tritutary does not.

An important feature is the low population density of the three threatened =
species. The o'opu nakea (No. 2 among the fishes in Table 2) is common, .
meaning there were only between 2 and 5 4in a 20 x 1 n stretch of stream

channel. The o'opu nopili (No. 9 among fishes) is even lower in density,

only one was found at only one station., The neritid mollusk is abundant

in only one station, although it was also found in two other stations. That

the nopili and the hihiwal are found in the middle elevations of the sitream -
and not at the lower reaches is due to the nature of the stream. The middle
reaches of the stream is strong-flowing and bouldery, a habitat characteristic
of nopili and hihiwai populations., The lower reaches are silty (see Appendix

B) and not favored by these two animals. = _ _ . _

g

Comparison with Other Streams

Table 3 compares the strean macrofauna (fish, crustacea, and mollusk i
only) in Kaluanui with that of Punaluu Stream which drains the valley. next to
Kaluanui and Ahuimanu Stream, four valleys away. The drainage areas for o1
both Punaluu and Kaluanui are relatively undeveloped while that of Ahuimanu -
is heavily so.- The ratlo of native animals in the streams with under-
developed watersheds is high (60% for Kaluanul and 63% for Punaluu) while \
that Tor a highly developed watershed (26% for Ahulnanu Stream) is very low,
almost one-third lower. ”
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Mg. 1. Neritins granosa (hihiwai) from Station 5 in Kaluanui Stream,
Kaluanul is one of the few streams on Ozhu in which the animal lives.

B-7



Table 2.

Distribution and Relative Abundances of Aquatic and Semi-Aquatic

Macrofauna in Kaluanui Stream and Its (North) Tributary, OCahu

(March - May 1979; +++ = abundant,. ++ = common, + = uncommon,

= absent or not seen).

Sclentific Name

A.

B.

C.

F.

FISH

1. Awaous genivittatus
2. Awaous stamineus

3. Clarias fuscus

4, Eleotris sandwicensis
2. Kuhlla sandvicensis

« Misgurnus anguillicaudatus’

7. Mugil cephalus

8. Poeciliid fry

9. Sicydlum stimpsoni

10, Tilapia (=Sarothercdon)
mossamblca

11. Xiphophorus helleri

AMPHIRTA
1. Bufo marinus

2. Rana rugosa

CRUSTACEA

1. Atya bisulcata

2., Macrobrachium grandimanus
3. Macrobrachium lar

MOLLUSK
1. Neritina granosa

ANNELID

1. Nemalycastis abiuma
2. Hirudinea

ISECT

1. Diptera: Chironomidae

2. Diptera: Empididae
Hemerodromia sp.

3. Diptera: Ephydridae

4, Diptera: Tipulidae

« Odonata: Zygoptera

» Trichoptera: Cheumatopsyche
analis

» Trichoptera: Oxyethira maya

~} OwWn
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Table 3. Comparison of conspicuous macrofauna in Kaluwanui, Punaluu, and
Ahuimanu Streams, all on windward Oahu, Legend: / = present,
0 = not seen nor collected.

Kaluanul: Ahuimanu: Punaluu:
Scientific Name this study Timbol 1978 Kawate 1969
3-245 m elev, 0-120 m 6-240 m

A. Plsces

i. Awaous genivittatus
2. Awaous stamineus

3. Clarias fuscus

L. Eleotris sandwicensis
5. Gambusia affinis

6. Kuhlia sandvicensis
7. Misgurnus anguilllecaudatus
8. Mugil cephalus

9. Poeciliid fry
10, Poecilia mexicana
11. Poecilia reticulata
12, Sicydium stimpsoni
13, Tilapla mossambica
14, Xiphophorus helleri

\\\ O O™ NN, O NN

B, Crustacea
1. Atya bisulcata
2, Macrobrachium grandimanus
3. Macrobtrachium lar
4, Procambarus clarkii

OIS

C. Moliusk
1. Lymnaeid snail
2- Mela.nia SP.

3. Neritina granosa

~.c 0o

TN ONNINO O OSSN0

e N Nt

O

O O™

O

Total Specles i5

15

11

Native specles 9
Introduced speciles

L
at

%




10

Kaluanul's FPhysical Features

The mainstream channel from the mouth up to the Sacred Falls can be
divided into three segments, based upon overall physical features. The

first, from the mouth to about one km (imcludes Stations 1 and 2) of channel

length., The stream bed is characterlzed as silty. There 1is no riparian
canopy over the stream channel, Water is from slightly turbid to moderately
turbld and flows slowly. The second, from about one km distance from the
mouth up to about two km distance is characterized by the presence of some
vegetative cover on most of the stream channel, Silt is minimal, substrate
is bouldery and water is cleary water is clear and flows in strong riffles,
This section includes Stations 4 through 6. This section exhibits the qual-
ities of high ecological quality stream. Upstream beyond Sacred Falls, it
can be surmised that the stream is in an almost pristine condition. As per
USGS topographic map (Hauula quad), only one foot trail (Castle Trail)
crosses the stream channel.

The north tributary have the same features as the third section except
for the absence of a strong water flow and the Sacred Falls,

Dscussion

Oceanic island resources are discrete, finite and especially fragile.
For these reasons, McEachern and Towle (1972) argue for special programs
to manage them. Commentaries relevant to Kaluanul Stream, a perennial, con-
tinuous stream are made for two purposes: (1) there 1s a need to protect the
unique biota and conserve fishery resources and recreational opportunities,
and (2) there is a demand for water for the economic and population growth
in the State,

A simplistic description of a perennial stream's immediate water source
is a water table located at a higher level than the stream floor. The yleld-
ing portion of the water table shrinks and e ds with the dry and wet
seasons (Hynes 1975)., Artificial withdrawal (dewatering, as in pumping out)
from the water table could result in the lowering of flow velocity (includ-
ing a decrease in water depth and some loss of stream habitat), the magnitude
of slowdown depending upon how much water is withdrawn.

The potentlal effects on Kaluanul's resident animals could be numerous.
A discussion of all, or even many of these effects, are beyond the scope
of this paper. Discussion will be limited to one immedlate and important
effect, that of elevated temperatures,

Flevated Temperatures on Consplcuous Stream Animals

The effects can be divided into three categorles: lethal, metabolie,
and behavioral. Lethal temperatures define the range within which the
animal will die, Metabolic effects are "delayed action™ effects as in growth
acceleration resulting in the inability to reach and/or pass a critical
point in the life cycle (Andrewartha and Birch 1954). Behaviocral effects
include the immediate positive and negative responses.

B-10
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It is assumed in this paper, that a potile animal (e.g. fish) will
elect to leave an area when streanflow conditions become unfavorable, and
will generally not voluntarily remain in the area until conditions become
lethal. An additional consideration to stream development is the diadromous
character of most natlve animals, Among these are the three resident species
(Awaous stamineus or o'cpu nakea, Sicydium stimpsoni or o'opu nopild, and
Neritima granosa or hihiwal) which are in the threatened lists (Miller 1972,
Maciolek, in press). These diadromous animals live in streams but undergo
larval development in the ocean. Thus, it is not possible to isolate these
animals from the effects of stream development on downstream water quality
as well as from the necessity of traversing developed or altered sections.
There are many studles concerning the effects of temperature on aquatic life,
mostly on cold water fishes. Studies relevant to this survey are those by
Timbol and Maclolek (1978), Nortom, et al. (1978), and especially Hathaway
(1978). Most of the information that follows are after Hathaway's (op. cit.)
with the followlng words of cautlionm. The number of Hathaway's observations
are limited, his results should be considered as "$ndicating a trend.”

1, ILethal Temperatures.

Hathaway's (op. cit.) method was to raise water tenperature in an
aquarium of native animals at a gsteady rate. The temperature at which the
first animal died and -the temperature at which the last animal died (100%
portality) is the lethal temperature range. The temperature at which 50%
of the animals are dead is the median lethal temperature (TLm or TL50) «
Pertinent data are presented as follows:

a. Awaous stamineus (o'opu pakea). Lethal temperatures for adulis
ranged between 37.2 and 38,8-9C with 50% of the animals dead.(IE50) at
38,1 ©C, Post-larvae nakea were more persistent with lethal temperature

range between 39.0 and 39.3 ©C and LT50 at 39.3 oC.

b, Sicydium stimpsond (o'opu nopili). Lethal temperatures for adults
ranged between 35.% and 35.8 °C with ITgqg at 35,5 °C , Post-larvae were
mere resistent, with lethal temperature range between 36,2 and 36.5 °C and
ITso at 36.4 °C.

c. Poecilia mexicana (exotic topminnow or poeciliid fish). This specles
is not yet in Kaluanul but is discussed here to represent the poeciliid Xi-
phophorus helleri and other poeciliid fry present.’ ILethal temperatures for
the adults were between 41.2 and 41,4 OC with LTgg at 41 .3 °C. No post-
larvae were tested.

d. Atya bisulcata (o'pae kala'ole). Lethal temperatures for adults
ranged between 4.0 and 4.5 ¢ with LTgq at 4.2 °C. As in the case of
fishes, the post-larvae shrimps were more resistent with lethal temperature
range between 3%.9 and 36.1 °C. No ITgg was recorded for the post-larvae.

e. Neritina granosa (hihiwai). Lethal temperature range for adult
hihiwal was between 38.4 and 40.1 “C with LTsg at 38.8 oz, Xo post-larvae
were tested. These resulis appear to be higg. probably due to the difficulty
of determining dead from dying snails,
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2. Elevated Temperatures on Growth.

Awaous stamineus (o'opu nakea) post-larvae were tested for weight increase
for 30-day periods in which water temperature was elevated to simulate nat-
ural heating both in rate and approximate peak (1400-1500 hrs) to temperatures
above those in streams and then allowed to cool naturally until the following
morning at which time heating would commence again, Results showed the trend
of growth enhancement with increasing temperature up to 30 °C for apparent
optimal growth. No tests were made on the four other animals discussed in
the preceding section.

Elevated Temperatures on Macrobenthos

Detrimental effects of dewatering also extends to macroinvertebrates
(e. g. insect larvae). While there is no study in Hawalian situations, there
1s enough literature in U, S. mainland situations to rrovide a protable result
in Hawailan streams. The most serious result of reduction or total cessation
of stream flow is on the numbers and diversity of the insect population.
Ephemeroptera and Plecoptera are most affected by lowered water levels and
are ambng the first to disappear (Norris, et al. 1974).

Lowered velocities decrease the nixing of oxygen with the air and the
pexrcent saturation can fluctuate widely, Lowered velocity also means that
less oxygen {even in satwrated conditions) passes by an arganism in a unit
of time. This is most detrimental to insects. Decreased velocity will
promote siltatlon and this is also harmful to insects. .

Ecologlcal Quality Status

A completely natural Hawaiian stream is one that has not been changed
detectably by human intervention, physically and blologically (Class AAA in
Yaciolek 1975, p. 14). No such stream exists today. What exists today are
streams that show varying degrees of degradation. Timbol and Maciolek
(1978) classified all perennial streams according to quality status, Kaluanui
was given Class II, meaning it has moderate to high quality water or natural
values. This class is recommended for controlled use to Prevent excessive
use. On Oahu, the best streams are in this class,

Kalvanui's natural values consists of a series of three falls, well
vegetated stream channel and watershed, If has strong riffles and pools and
clear water., The substrate is bouldery, Its blological qualities consists °
of 50% of total species belng native and three of these matives are in the
threatened lists.

A feature working againsti%s, continued high quality is the feeder road-
foot trail that was bullt adjacent to the stream bed all the way up to the
first falls. Already too many visitors travel the trail, a sure cause of
erosion and added silt to the stream. Many visitors take vegetation (esp.
ferns) out of the valley, a practice detrimental to the natural quality of
the watershed,

B-12
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Summary, Conclusions, and Recommendations

Summary
A. Inventory

1. There are 11 fishes, 7 insects, 3 crustaceans, 2 amphibians, 2
annelids, and 1 mollusk species in Xaluanui and its north txributaxy.

o, Fifty percent (or 13) of the total number of species are native to
Hawaii. Ten of these 13 are endemlc.

3. Elght of the 13 natlves are diadromous animals and with possibly
one exception, all are obligately so.

4, Two fish specles (Awaous stamineus and Sicydium stimpsoni) and one
mollusk specles (Neritina granosa) are listed as threatened,

B. Distribution and Abundances

. 4. Three specles are distributed throughout the mainstream. There
are more species in the lower reaches than in the upper ones.

2. The three endemic animals classified as threatened are also found
in low abundances and 1n 1limited areas.

¢. Natural Features

1. Most of the stream channel and watershed area 1s in natural
condition. The stream has the unique feature of having three falls, one
of which is a tourlst attractlon.

Conclusions

i, In the event that the stream suffer elevated temperatures, death
wlll occur in the followlng order: Atya bisulcata, Sicydium stimpsoni,
Awaous stamineus, Neritina nosa, Poeciliids, Since under normal clr-
cumstances an animal will not stay beyond its "preferred" habitat, the
animals will leave before lethal limits are reached.

2. Lowered flow velocitles will cause the aquatic insect population
a reduction in numbers of specles and abundances.

3. Kaluanui Stream is of high ecological quality., Its grade 1l classi-
fication is well deserved. Sacred Falls adds to the stream's natural
attractions. : '

Recommendatlons
1., The detrimental impact of dewatering on vertebrate and invexrtebrate
populations can be minimized by controlling the removal of water to provide

guaranteed minimal flows that are sufficient to maintain the integrity of
the animal populations. It is essentlal to maintain adequate flows during

B-13



14
dry seasons when flows are normally lowest.

2, No additional feeder roads to the proposed well should be built.
The use of the existing feeder road should be encouraged. This will minimize
erosion, siltation and turbidity.

3. No riparian clearing between the existing feeder road ahd the. lower
reaches of the stream should be made., Removal of stream bank vegetatlon |
eliminates overhead cover, increases insolation (and elevated temperatures),
and removes a source of regular organic lmput (leaves, ete,), an important
jtem in the nutritlional scheme of stream life., If it 1s at all possitle,
some sultable riparian (1. e. ornamental plants to make the development
also aesthetically pleasing), should be planted between the present feeder
road and the stream channel.
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APPENDIX A

LOCATIONS OF SAMPLING STATIONS
AT KALUANUI STREAM
AND ITS NORTH TRIBUTARY

SCALE: 1":2000’




—

Appendix B

17

Some Physicochemical Features of Sampling Stations in Kaluanui Stream,
Cahu (March - May 1979).

Station No., Feature

& Elevation  pigtancs, HAR HEpeR™ Water, Stream Flow  Stream Bed

1. Kalvanul distance = 0,2 kn Water slightly tur- Gravel -
Streanm, width =1.8nm bid, riffle-pool, silt
3m depth =01 -03m slow flow

2. Kaluanuil distance = 1.1 km Clear water, Boulder -
Strean, width = 3.4 riffle-pool, gravel
ém depth =01 -1.0m slow flow with silt

3. Kaluanui distance = 2.1 knm’ Clear water, Boulder -
Stream, width =3.7m riffle, fast gravel
25 m depth = 0,05 -0.3m flow

4, Kaluanuil distance = 2.6 km Clear water, Boulder -
Stream, width =5 nm riffle, fast gravel
60 m depth =04 -0.5nm flow

5. Kaluvanul distance = 3.1 km Clear water, Boulder -
Streanm, width =2 n riffle - pool, gravel
110 m depth =01 -~-0.5nm fast flow

6. Kaluanui distance = 3.6 kn Clear water, Boulder -
Stream, width =5 n riffle - pool, gravel
245 m depth =01 ~0.3nm fast flow

7. North distance = 2.2 km Clear water, Boulder -
Tributary, width =2 temporary pool, gravel
25 m depth = 0,2 nm not flowing
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Chiniago INc.

Archaeological Consulting
76 N. KING STREET, ROOM 202 « HONOLULU, HAWAII 96817 « TELEPHONE: (808) 521-2785
November 28, 1980

Mr. Fred Proby

VTN Pacific

1164 Bishop Street
Suite 906

Honolulu, Hawaii 96813

Dear Mr. Proby:

on November 10 we conducted an archaeological reconnaissance *

survey of two proposed well-sites at Kaluanui Vvalley, 0Oahu, each of
which consisted of a 200-foot diameter circle [indicated on the en-

closed map], plus 'a proposed roadway connecting them to the main val--

ley access road. No definite archaeological or historical remains
were found, but the presence of rock piles which may be of human ori-
gin requires that caution be exercised during construction. These
remains, which are located at the northern edge of the easternmost
well-site and on the western half of the westernmost well-site,
should not represent any impediment to the project as there appears
to be sufficient space available for the construction activities. We
will be happy to show the Board of Water Supply people the locations
of the areas which we recommend that they avoid. :

Sincerely yours,
z%éé;f///—
William Barrera, Jr.
President

)
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SUSUMU ONO, CHAIRMAN
BOARD OF LAND & NATURAL RESOQURCES

EDGAR A. HAMASU
DEPUTY TO THE CHAIRMAN

GEORGE R. ARIYOSHI
GOVERNOR OF HAWAI

STATE OF HAWAII DIVISIONS:
DEPARTMENT OF LAND AND NATURAL RESOURCES CONSERVATION AND ENFORCEMENT
FISH AND GAME
P. O. BOX 621 FonesTaY
HONOLULU, HAWAIl S8809 LAND MANAGEMENT

3TATE PARAS
WATER AND LAND DEVELOPMENT

JAN 12 198

Mr. Larry Whang
Engineering Branch

Board of Water Supply

630 South Beretania Street
Honolulu, Hawaii 96843

Dear Mr. Whang:
SUBJECT: Evaluation of the archaeological report on the two

Board of Water Supply well sites and access road in
Kaluanui Valley, Koolauloa, Oahu. TMK: 5-3-ll:por. 9

A review of the archaeological work carried out by William
Barrera, Jr. for the Board of Water Supply well project at
Kaluanui indicated that the work is not sufficient to evaluate
the structural forms located during the archaeological survey.
The report mentions the presence of several "rock piles” within
the two well sites. From prior work in this vicinity, these
piles appear cultural but of uncertain function and temporal
period. For this phase of the archaeclogical survey, several
recommendations for additional work in the well site areas are
being made. These include:

1) A statement of the criteria for evaluating the features
which involves criteria for cultural/non-cultural
determinations and significance/non-significance.

2) A description of the rock piles with some indication of
size, confirmation, and rock size and form.

3) A statement about the number of piles and their location.
A more precise map would aid both the BWS planning and
the State Park's archaeological program.

4) Photographs of the features would be a good means of
recording the size and form of these rock piles and
aid in the site evaluation. However, this need not be
a reguirement.



Mr. Larry Whang
Page 2

5) Consider the impact of the BWS project area on the
adjacent archaeological site. There is a dryland
agricultural complex located by Rosendahl during a
1973 -survey that is near the southern well site.

There is agreement on Barrera's statement about exercising
caution during construction. Because none of these rock piles
have been tested, they are of uncertain value and significance.
Consequently, it would be recommended that one of the piles be
tested when the machinery is in the field and monitored by an
archaeoclogist. The use of machinery will be required if the
piles consist of huge boulders as noted elsewhere in Kaluanui.,
The BWS can determine if it is to their benefit to avoid these
features or salvage them.

The planned trip with Barrera and the BWS engineers may alle-
viate some of the vagueness in the archaeological report.
However, because there is a need to coordinate the BWS and
State Park's archaeological programs, we are requesting a more
detailed report. In this way, the cultural features in the
BWS area can be incorporated into the larger Kaluanui archaeo-
logical complex.

Thank you for the opportunity to respond to this report.

Sincerely yours,

~ éésumu Oono

Chairman of the Board and
State Historic Preservation
Officer

—Far = o
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. tg 552-1* EILEEN ANDERSON, Mayor

<5 " YOSHIE H. FUJINAKA, Chairman
. +DAT QUON PANG, Vice Chairman
! RYOKICHI HIGASHIONNA
. Donna M. Howard
Michael J. Chun

HONQLULU, HAWAII 96843 ROBERT A. SOUZA
CLAUDE T. YAMAMOTO

., BOARD OF WATER SUPPLY

CITY AND COUNTY OF HONOCLULU

'
| P

. 830SOUTH BERETANIA

January 30, 1981 KAZU HAYASHIDA
- Manager and Chief Enginesr

Mr. Susumu Ono
™ Chairman of the Board and State
Lk Historic Preservation Officer
. Board of Land and Natural Resources
- State of Hawaii
: P, 0. Box 621
Honolulu, Hawaii 96809

Dear Mr. Ono:

) Subject: Your Letter of January 12, 1981 on

P the Evaluation of the Archaeological

R Report on the Two Board of Water
Supply Well Sites and Access Road in

~ Kaluanui Valley, Koolauloa, Oahu

Y TMK: 5-3-11: por. 9

A field trip was made to the two well sites on Wednesday,
January 21, 1981, by the following perons:

1. State érchaeologist, Martha Yent, Department of Land
and Natural Resocurces

2. State archaeologist, Jason Ota, Department of Land
. and Natural Resources

3. Kaluanui Wells Environmental Impact Statement
- consultant, Fred Proby

= 4. Consultant's archaeologist, William Barrera, Jr.

i 5. Board of Water Supply engineers: Lawrence Whang,
EE ' Francis Fung and Ernest Lau

o ) After v1ew1ng and discussing the well sites with your
- staff, they informed us that William Barrera, Jr.'s

archaeological report of the two well sites and access road
-~ was acceptable and no additional report is needed.

- Pure Water...man's grealcst need — nse it wigely

—— e



Mr. Susumu Ono —-2- January 30, 1981

We have, however, selected the sites for the proposed
well drilling, control building and appurtenances, and access
road to avoid the rock piles.

Our project engineer for the Kaluanui Wells is Francis
Fung who was present on the field trip. As project engineer,
Francis Fung will coordinate any future construction and
design to avoid the rock piles.

If you have any questions or require additional
information, please call Lawrence Whang at 548-5221.

Very truly yours,

4 .
7 45-"-!{;- .taM-f
7

P
KAZU HAYASHIDA
Manager and Chief Engineer

cC: L%I‘N Pacific
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Cliniago

Inc.

Archaeological Consulting

1040-B SMITH STREET » HONOLULU, HAWAI

August 16,

Mr. Fred Proby

VTN Pacific

1164 Bishop Street
suite 906

Honolulu, Hi. 96813

Dear Mr. Proby:
On August 12,

the Department of Water Supply and Ms.
inspection of the proposed site

#2 at Sacred Falls,

Division of State Parks on_an
of Kaluanui Exploratory Well

1982 I accompanied you, Mr.

1 96817 o TELEPHONE: (808) 521-2785

1982

Larry Whang of
Martha Yent of the

This

letter is to confirm that nothing of archaeological or his-

torical interest was located an

project may proceed as planned without

such sites.

d that in our opinion the
fear of disturbing any

Sincerely yours

%/%4,___

william Barrera, Jr.

President

[
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DEPARTMENT OF THE ARMIY § m 02 !
PACIFIC OCEAN DIVISION, CORPS QF ENGINEE =n mg
FT. SHAFTEIR, HAWAII 08838

840575

March &, 1984

.., Hq..
A
_w ECEIVE E Fre

o
BHE,

Mr. Xazu Hayashids, Director
Board of Water Supply

Cicy and County of Honolulu MAR 201984
630 South Beretania Street
Honolulu, Hawali 96843 VTN PACIAC

Dear Mr. Hayashida:

Thank you for the opportunity to treview and coament on the Environ-
pental Impact Statement for Kaluanui Wells. The following comments are
offered:

8. A Department of tha Aray perait is oot required.

b. According to the flood hazard map for the Hauula area prepared
by the Federal Insurance Administration as part of the Flood Insurance
O Study for Oshu, (Enclosure), the well sites and a portion of the alignment
[] for water and electrical utilicies are smituated in Zone D, or area of
yndetersined but possible flood hazards. A portion of the alignment ia
O3 a1so designated Zone C, or area of minimal flooding; and Zone B, or arcas
of the 100-year flood of depths less than 1 foot.

¢. A portion of the aligmment is situated in the Kaluanui Stream
100-year riverine floodplain of Zone A2 deaignatioa; and is also subject
to tsunami flood hazards of Zonea A4 and V14 designations, Under the
requirements of the Nationsl Flood Insurance Program, all public utilities
and facilities should ba located and comstructed to minimize or eliminate
flood damage and the infiltration of flood waters into the systems.

. Sincerely,

&/ afenn
uc_r\nrnﬁ_u
hief, Engineering Division

Enclosure

)

||NHMIM NATIONAL FLOGD INSURANCE PROGR

FIRM

FLOOD INSURANCE RATE MAP

CITY AND COUNTY OF
HONOLULU, HAWAII
(SEL MAP INDLX FOR PANLLE NOT PAINTRD]

PANEL 15 OF 135

LIMIT OF _
DETAILED A
sYubY e
ZONE C \

COMMUNITY-PANEL KUMBER

-150001 0015 A

EXISTS
eeld 1

EFFECTIVE DATE

SEPTEMBER 3, 1980

L J
ALTERN

ATE 2

/
[

U.S. DEPARTMENT OF HOUSING -
AND URBAN DEVELOPMENT
FEDERAL INSURANCE ADM!N!EI'RATION/




0oLy A48 nof pup A3sau3z aavg

oD81oURIg Ueg ‘y4a
HYaQH
H23dH
0ddM - SIHN
21310Rg NIA
K1ddng 1ajem Jo piwog 320

§901Alag 1vlUdWUOIAUZ JO BITIFO0
1apeal 3dafoag
@yes0y 3IsaUxT

T

. ‘ganck Ataizasuyxsg

*juawwod o3 K3jjunizoddo
g1Yy3 ajeyoaadde oM TUOTIDYPSTIN Iho UIYITM BENSS] 20IN0SIT puw
§3dInosax aypIpiis pue YsyjJ sassnogip Arajenbape gra ays ‘#8851
‘g Azenaqaz jo 1333191 anok yam PaATadax am YoIyYM (SI13) JUBWIINRg
3oeduy  [ejuswuOITAUZ  IDBfqNE Sy3 pomajAsx  BEy [O[AIDS Byl

svaeyakpn "sy awvag

jremey

‘nyep ‘wornejooy ‘STIaM
fnuengey ayy 103 si3 9y

£1896 7I11em®H ‘DIN{OuUOH
C TOL wooy *393138 QIIMNRYIIVH 055

WY NIA 1033u0) A371end [PIuBmUORfAUZ FO DOFIJO0
I03001Qg mpIAJUT
par183d vieyaln *N ¢§31397 ‘S
;zn;u@u;;eug .
tog9 wooy :
53

03094 [tYMYH ‘NINTIONOH
4%10% X0 "0y
AUYATINOS ¥YNYOR Y1V 00F

FDIANIS TAITGTIM ANV HSH
101421u] 3Y) Jo watnpsedaq saiels panuqy

105 BT $T400 W0

“our ‘oyzyovd za:.\vvﬂ

aasuybua Foaiyp pue zabuuey
YAaIHSVAVH Nz

’ ~ »4
faanok Atnay Liep

"BET9-LZS
v buryy wousaset jowjuco psward ‘suotisenb fue oawvy nok 31

*B3UOZ DIVIVY POOTJ BNOTIRA UT Pa3zys aq TTIM 399foad
Y3 Ity pur paaynbax jou BT Jyured Auwiy ay3 jo Juaeyzedaq
©® Jey3 SITY Iyl Uy 830U TTIA am ‘sjusmwzoo anok o3 esuodsox ux

* {5Idy) IJuews3vle jovday TejudwUOITAUD

DasfAel 8yl o3 popuedde aq [{FA 383307 Inox “3oefoad
juondoiesap ao3wa pagodoxd ano o3 JUSENMDOP TWIUSHUOITAUD
3FeIp 943 uo Burjuswos pue Burmatasx o3 nok yueyy

R T OYED JeOINU{00N
'EITIM FnuenIey 103 Iusmojvlg Jovdwr IR3UemUCIFAUT
1IRIQ Y3 to ¥BET ‘9 YOIVH JO 283387 INOX  1303(qng

tbunoyp *IH aweq

85896 TyemeH ‘Ie3jeys 3lo4
Amry oyy o uouyaedeq
UOTBTATQ URanY or3joed

Sxeauybua jo sdiop

UOTBTATA mnwumunumcm #3074D

unIyD YNBYY *IH

JHIDYE NIA
PEROZ ¥V

(EYSEEST:

Y861 ‘9T UoIEH

D-19

¢
MINIONOH 210 ALNNOD ONY ALLD

AlddNE HIALVYM S0 O"vo8



E1896 FIEMRY *ninpoucy
306 a3 '12335 doysig p9Ll R
333084 HIA -

. 9111904 NIA
EFBI6 LIEmMPH ‘ninjoucy A1ddng 123wy Jo pamog nInoudH 33
19241S PJURIBLIF YINCS OF9
ninpoucy jo Ajunog 3 £3)3

A1ddng Ja1en Jo parwog 39140 33F3381Q
10y Adoy ;jisndey *y Kaquels
2ans0|ou3
¥IINVWWOD 3HL 4O NOILDFUIA Al T seyory
YIINIONT S3ILNDVS
AAYN S "N "333 ‘NIVIdYD ) .

WYNva 'w w o
()]
*£|aaauys *Juasndop WYl AITAIX 03 Ajjuniroddo Y3 10j nok jyueyy ﬁ_u

*gfuW 0] JUITWOD OU JABY pU? STLIN

*SI3 343 MajARa 03 A3juniaoddo ay3 Joj Rok yueyy JnuERTEY 943 10] JUIWIIRIS IINEN] TRIVINUCITALY YT PIRIFAIL 2avY Iy

*pauaniaa Gujaq sj
$I3 a3 *SI3 3yl J0) SN Jaylanj OU SeY pUTIWOD SIYY SY “JRJS0 03 SIUIEDO)
ou sey AARH 3y} pUR PaM3JAIA UIAQ SBY S|19A jnuen| ey Y3 403 S13 Y]

te2eyadn *sH Awaqg

€1896 IR ‘ninTouoy
S|(aN ynuen|ey .
T0€ =00y "3291315 B[TANEAITEH 0SS
WIS JJedu] [RIUANRI0LAUI 1o13u0) LIFTend Telvamuoajatz Jo 335310
. . 1030217Q wia@ul ‘vangalp *‘H 2331Ie] sy
v NIA . seaRyafn “SH Jev3g JHIDYL NIA
£1896 |pemey “ninjouoy
poe 01834 10€ OO ‘333435 ®1{MNEYI|LH OS5 b 6UvH
toajuo) A3gLend (ejuasuoapAul 3o 335350 @
@ H>= M@ w 40332210 wWpaU] *ravyakn ‘N 9}31397 *SH M>= M Q M
6 %861 g yraey
Eﬁmww.._._um 05896 TIemey ‘nInjouoy
syt 99105 xog °0°d
wef: 1an: 8200 UOTSTATQ BIDINOEIY 33BN
101 Wi e3v L1428 W ares __clqo:.h.ﬂ..no:c: Tuvad AAAHISTIVHLOT03Y
HOBYYH Riv3d T N
Y Riv3d 3578 Teay JoLxa)uy ay} Jo jusunreds(] satelg pagtu()

. - R . e .t il o A - .. et



P €80T {d)

og3yond
£1ddng Ie3EA JO DAE 100

wiixy

1aauybul sxIoM 27140d 039as
VHOINGIN OINIM

e, '

* =

sganok Apray AI0A

suemAIeIe 3ouduy
[e3uMIIOITAUS DYY MATADI O3 Fapumazoddo eyl X3 nok yuwtilL

*38330 03 NIUA@UWOD OU GAWYy puw jues
-p3ue3s 3omiu] [UIUSTUCITAUD qo2[nne off3 PINGTARI aAwy BN

fyenvl ‘nyeo spornuTooy ‘OTT2M Fruenivi
ay3 103 JuU0LINIS sowdmy wAURLUOITAUY 1qoefqny
teawyeln "WH IweQ

ETI896 TFIwA®H nInToUucH
2499335 WITANEXSTVH 055

1ox3uc) fayrend
uiiva WA wausguoayaug Jo eo330
%mwﬂwm 20300130 WFIANIUL

wasyein °H TITITL FH

WEYSELE

yaet VoMt

U

2YFIoRad HLA'

K1ddng z93wM JO pivog 03 Kdop

39723810 PIR0D WE0) YIULIFANOL
4 33puswwo) Fo Uu0lIDIBIYP Kg
1851330 bujuueid 3I21IIBId
pivng 3§P0) °§ ‘N f1opuveumo)
ZIYYMHOS ‘4 "I

-
+XypIadulg n._a
*amj3 juesaad ayl v 19330 03 BIURTHOD SAFIONIIBUOCD A
10 uof3oafqo ou sy puw BITaM JnusnIvd 8yl 103 sI3
oy panajAel @uy 3IDJIISTQ PIRRD 3ISVOD yjueelaned eul
teaugakn *SKH I%eg
£1896 IH ‘NINTOUOH
18 @Wooy 73099I35 RTTANEXSIEH BSS
103300 AJFIend [RIUSWUOITAUA JO 9D1II0
10709110 WPISIUL ‘eIvyIAn °H REIFIST °EH
SWVE NIA
e q24 L
Sze/F "ON 1®13105 vHR 016834
[[.1.241 @ g
: pIOD SO0
190Z-995 (808} :awouy . SHEOIS PO
Rjﬂrustsz!<nu o CQEHhOQﬂhﬂwuu
e Lo (TR5) " movesmwed NouLodaq'sT
'R St N A T S ) Ty 0T At B

e e



SImpOIG piagmmbss wopvmg sedfng
SEMROSEY [vanwy ¥ pueq Jo *ideg
YH HIA
£1ddng dwyen Jo pamog @29
I InJLL6Y JO pavog ‘U "
s “uane /S
goreem s J%md“\
rour sorzras g \uﬁ. I
T023U0) A3vTIend TeIUBEIOITAUT 30 IDTFJO 190

“jumeod 03 A1jumydoddo sy Joj nok yuwyy
2a0utbuz JoTyd puw aebruwy

VAIHSVAVH NZVH *d8)Inbor [eSwq Juaasip ¢
UL PRITNILS IR 1wy (WIMIM3)aBy Bloyvien ) J0j $D2UROS J93em oy
0} Sdenr Baw B “pAIOJIItEL Bq O) AWy Lvx abedond |vuOj3jppe pur
% PIpIRINE 39 pLhom dajinbe 2yl Jo pLejL a(qrulTIsne ayy “paitasa|di} adan
8y A1 oA ORS00y U} s330foud JuamdoLBanp Jojem pesodosd (L% 3} Y13 oYy U
PRITIT SR “INYY PALIEIIOD BJOJRLN[Y 2Aw By *109foud 243 Jog ofnejeAr
‘BEI9-128 39 [Lin Avp Jod suop(e5 uortym | 3vn vojIdemsse 9uy uo Bujpsssoud s
v bupym oouaIme] I9v3uco osvold ‘suopisend Auw wAvy nok T ¥i¥g (0 NLAEY Mynywy MY 40} Yaom USISRQ  passauppe unag sey {661
¥ 4290330 poRp *Bd)304 UOjIvardaay $13 :wy A1ddng J93m jo parog eqy
*jusmpbuvize 3wyl jo syseq myy uo 03 DNpUTIODa imy|n3jaby Jo Juamdedeg) Lojbed ey3 uf SIuBAjhb2
Guyyiom 11738 21 on  *yawq Tean3tnofiby Y3 303 juamdogesp d03RR (vam{RDRASY D 30w} $,393f0ud pasodoad ayy Jwyy ULy B
I93®A TRUOTITPPE ay3l o3 puoabe pie uysvq Ieyvapuncal nynyey ‘pROL $53338 daaf 5
P43 Jo PTSTA 2TqRUTEIANE BYI POUSFIQVISE 9A ‘XUTH wyOp *IH MU35U03 99 7 posodory Fiaaind daaf Suj3sixe ue o3 JuBfPY Jo Lapun
PU® HNIQ ‘33938 2In0K YITm Eur3oou mnojasxd Ino uy *jIeg peIansy 33 03 pasodaud £ >-w55¢ B CSWIL A4Lean pur upem Uojssger
Texn3noyaby nynyey pesodoxd eyy 107 Iojem ayj uo 30030 TN daua v opniaog (agus *s013)Ljany PLITIoosse SuL f1an Gu3s)xa
lfue oaey jou [{Fm voie 3943 uy £390{oad Juemdoressp T{eA 2NQ T3 o) 3034 009 Ala3mupxoudde seyqs YARTUATI LY 0N 4o Buo uo -Mox
hﬂﬁoﬁwnuﬂ-w—_ﬂa"ﬂoﬂﬁn pus -—“: BUO PIISSY puw PALLLIp STy jurajidde
*513 pasyaay o 03 popuadde n . I S3135L0073 pOIREDOSER pur v sls Lien-on »
anox *3a8foid ucmﬂmouc_:ouuuouqm wuncnama.uhwauo“:wu“:oov 4 quIse oy fujsodosd ) uc-u——.&- Wy ‘uan0p My o3 Guppaoddy
TejuduuoFAua ayy uo Hujjusmmos puw Suymotanx 103 noX yusyy *SLm0d GUpMOLL0} ayy $10)50 pue o
TSI TTeR WIEI0p IZPfONT Y PAEARS ST Ny mjaby jo Juamyavdag 8if) Ju
touentey 1037 - {s13) JuomalRlg Joeduy ejusEHOXTAUZ L ‘xouddy %43y *nyrp ‘snusnpwy a
3IPIQ BYL YO PYET ‘07 AIWniqes Jo wnpuwioweW Inox  1joefqny . triZL-£-5
0{-f
1eAng *IN Iveq m&w.n--m L
KAiddng 40 o par
TI896 TFIOAYH ‘ninyoucy s u—“ﬂ “-E_-.“-n,..a
651ZZ xog *0 *a 103 {S13) Tun3INIS Joede UITRIOU J AL 1399 [qn
Tiene 39 ovess 4 (S13) $ 1N U3 1359[qng
sanynogaby Jo pawog oa3uo) A3jien) [wjuantiosjaug o 93450
uosxndagey) ‘eang *y yowr ‘aN MOYd NIA 403011 WEINMU] ‘RampRL N -—a-uu._—m“: top
SHIIYd NLIA
bR b 1834 HIGIVEOH A
Vo8 1y @ 03 um
OvarzosY AALID e ‘o ey
88T ‘¥z Axwnaqeg
7696 MEATY ‘ninpouotf #1896 Memry] "nnjoucyy
6SITT e’ 0'd 1ans humy o5 g7vl
wrarppy Jurepy FEALTINOMNMOY 40 INFHLHVIHA
fremey Jo nrg
\., . HYTYIVIHI JHL OL ALRIT
! - . NOSHA134°g INNVINS
. AIWNIONOM 4O ALNNDD ANV ALID FUNLININNDY 4O TUVOR ‘NVITU IV HONMIAGD
YMOSN XIVT 1ISOARLY ¥ 3DU03D

AddnNB HALYM 20 guvon




213190
a_%:m\._..uam__ﬂ_wo muuw» -+

*M3|A3L 203 333340 SIYY 03 pINYjmqns ase sueld
Leupj awly ay} T 133fcdd 3y U SUDEYD|JISAL |RIUICMOLLAUD BURIN asoda} 03
Jyb)4 ayy 2A43s3t *3s0)aadyy SN °UD)SSAISIP JO 33JINOS A0S A Gugaq sueqd
Kaewymy (24d 03 anp aunjeu U} |PJ3usb 3R SIUIIVYS Y] JRYY IZPLRVL 3N

*1e3150qns vodn |e3s

Jay Jo syy Jeaq pue J3aujbuad Leuoyssajond pa42351624 v Aq pauaedaad ag ysnm

340daa Gupaaaujbua ayl “§2-02-L1 U0}3IIS UP UNOP 39S SR SUJSIIUOD [P SISSAIpPE

£1oyenbape yIrys jsodas Bujasaujbud ue Jo UOESSHXNS Kiojoejsyies ayy uodn

K| }dewpad paseq 1 |eAcadde yong  “JIJeM a1qe10d 2A43S U3 ISN A1y} 03 Lof4d

yileay Jo J03024)0 8yy Aq pareidde aq o3 swa)shs Jajem 3}1qnd GujAJas JI3eA
alqeiod Jo 5324ROS A3 |10 Sa4ynbas gz J93dey) Jo 62-0Z-LL VOIS PR ]

*Kyaa)10adsas 02 493dey) jo pE-D2-1f V011338 pur 62-02-1L

U0}329S JO SuIDY AYy 03 JIIFQNS q [[1M W3ISAS UOIINGIAISIP PuR (LBA 2y R

pas|ApR 2q Asea|d *su0j}doaurod AdJAIES JO SUDSJI JO SIIGUNU LMALULE 3SAY] FAJAS

03 papudIUL S L1 mau Y3 10YY JUAD SY) UL "SUOIIIULDD DjAI3S G JO

wnepuys @ BujAey J0 Jeak J@d SAep (09 ISP3L I S[RNpAjpU} 10a JO G Buagas

wayshs © Se poau}sop s} waysAs Jajem Jylqnd ¥ QZ Ja3dRy) JO SUDEILPUOD puR

stual aLqeagidde JayIo |[® YIIM 20URELGDOY U} B4R QUR “SAINY 3AFIRJISIUIEDY

1L 21311 ‘0z Jo3dey) SP umouy suojIe(nbaa Jajem Supyuiap 5,93215 A4} Ym

gour)|doa vl S} yagym JajeM Buipiacdd 3ue aje3s ayy ul suRYsAs Ja3en ajiqnd ey
24nsse 03 £3}11q35u0dsad Iy YIim paysaa s yipedd jo quaurpaedag ayl

+pasodoad os|e s} AemySiH eyeemyamey pue SLL3A 2y} UIaNIAq

sauy| auoyda|s) pue 1PI}J4329]3 PUR ULEM UO|SSIWSURIY JIIRR JO UOIIINAYISUDY

=yJdvgd RIS S{led patoes n_u.:: AafleA (nueRLRY IR |12A Alojedo|dxd asomw auo

15e9] 3° (LiJp 03 Gujuue|d s} A|ddng 4238y JO paeOg Byl IRy} purISiapun @M
*juamNIcp 323[qNS Iyl UO MBJAIJ pue jusmwod o3 Ajjuniioddo ayy Lo) nok yueyl

nyeQ ‘eolne|ooy “SLIAN jnueniey 40} (S13) juaemyels 1ovda) [Riuamuodjaul  232afqns

Y3193l {PIUaEU0ajAUT JO) 40333110 A3ndag H. T

1043u0) £3jLen) (RjusumicdjAu] JO 321})0
J039941Q wWj4330] ‘Ravy3aAn 2131397 “SH to)

HOIOHYHOHIH

SV NIA
86 62833

i.m.m”ﬂ.._....!e‘@ u>= E @ E E y861 ‘22 Asenigad

M VAT A OO
T P09 O "4

HLTYAEH #0 ANGMLNY IS
HYMVH HJ0O 31vis

LU Lt ]
™D 9 TP

g e
TOANY W FDROT}

STITOvd RIA
»A1ddns x03wp jo pigeg 132

avat330 ABuad § I300D
) oftv *aafwR
VUNSIVH °*H XEEar

. ‘{13 eanox

“pwI1 S I® I9PJ0 07 FICVENOT G SAWG PUR ABJARI In0 PIFNTAmOD AWY By

suewa3wlg Jdwdnl [RIUSEUOITAWY ETTOM TRUDNIVY,
¢359foxd pesodoad ey AvTas: 03 Layunizoddo g3 en Sujpypacad 103 nok yueyy

syien fnownyey
te1wqodp ‘sH 393

£1896 TF¥eash ‘nynycucy

10t *mg '193335 WIEARWYSTOR 0SS

1o13u0) LIFTENY TUITOWUOXTANZ JO IDFTFO
2030WIT0 WEISIU] ‘gavyain *N ¥I1II¥T “FH

oI

Wi, h g ogEd

e

AMdNS w3Lyn J04qg Mo 1] ] 4103

vefur 3 \a&momx s

D-23




.ﬂFﬂwﬁﬂOﬂ s§ PAjSnaIqoun 3w 8q SuppLing Sy} 9AWY O3
209s 9 *Z 9345 L19A pue [ @S (LA BujIstx? UIdeq bujpLIng Lo43uod A1038
-5u0 93 JO GUJI}S Yy o A|ddng J3TA JO PIROg T IR EujAI0M UIIG FATY O

) sKal|eA paseioud g}

J0 sagasnodw ey Aq pajaitdam 29 osiw Ao SpUnos 3nq panE 9 03 e sdond
LI9A 9YL  "UOJITIS 10JE0D ¥ WO} 333} OOE INOqE oG LI 31 *PLING 03 ueld aA
punoibdmed ® Jo Jajajdad ayy uo pIIeao] 3Q |1jn LISA SpyL  *punosbdaoed Jno
03 juddefpe {a1}s IajpawdazLe) 2 Lion gURD|EY 03 SU0)INI[Q0 SNOLIAT EARY o

(TR LT

SUpTER
[RAMIND AUR J0) SIYIUALY Ay} ujuekd 0 JapIO uy ponpuod 8q o3 i mc-ﬁ—.g
AUR UIYM TOURADPR U} PI[IIION 39 s33j60L0Inyoae Syard 9IVIS A 3NN 3s3nbad
osw oy *35}60103RydaE UR £q P3.I03juoe 3q pLNOYS Fi0M SHE U} ‘wojyanals
407 GUpIRD PIGUMSIP 9G [LIR Z 19N J0} NS IR By U} UM

aLjd 1004 3y} 31 °sado|s ASLLEA JARO| Y3 JO GUl¥I|D PLOI) WOI) IIN sayid
3204 953y} Jo Auem IRp ¥ Aem 3] *SULMNRA RINND pAINEI0SSE Inoyy e sANs
savjuns 99 03 AQ9uom Jeadde saumed) 911d yoou Y *yaugd 93NIS SR padons
1% 535)60 09RydaR SHIRd NS Kq papanpued Bupysany {21 50[090YIae DY) UL

. , -mp pur uap $35450L0OMPIR S MMS Aq pardIdsul Plet) puR
sauy *ofejujyl Jo wiadaeg Rl £q sujeuRd (RI[JOISIY pur Lv2jbotoanyoae
403 PAASAINS T13M PROL 3SIVT BYY pur SAYS LM Q) oYy I _...85_& sy

$3)S IJ40N51H

*333foud sy Jo)

su1a3u0a Jno ssaidxe 03 Kyjumdoddo syyl Joj nok quwy °“SLLEA ynuen|wy pasod
-0ad aygy 40} {S13) ITNNS 39nda) [RIUDEOLJAUS Gy PINTAIL TATY ON

TRARYIAN *SH AW

£1896 bienry ‘ninjoucy
10§ W00y *39RNIS WLIMITRILEH 055

oHOYd NiA LR il o 4
¥e6. 6 LBV
UPYCETLL I
It
E . N\ g soiy 9 UL
' PR 1

R

. . - I R —
i . i =~ 4 & o o ey ,.m..m_.._w.. "

*ouyr ‘otiyoNd “%h
1oa3uoy K331enl twjuemuoayaug 3o engpdo 100

xeouzhbug Foyyd pue 060Ul

QIHSYAYE, DIV
7 V 7

rganok Krnay Aaea

*gEI9-LIS
3% Buuyy LOURIART FDUIUCD sseotd ‘sucyasend Kuw vawy nok 31

*3o0foad Yy UO BUOTIDEIIAAL
TUIUGIUOITAUR 2aNINT ovodmy Kzm nok vyl abpeAouyov

sp -92ano8 ayl jo esn 03 zojad 1vaoxdde anoX 303 gz 293deYd
30 0€-0Z-1T pue 62-0Z-T1 PUOTION YITA @JUNDIODIT uy 3z0dux
fugagouybue uw IfHQRE 11TA oa ‘3uemx0d anok 03 ssuodsex ul

s3uowno0op PORTARI 8y} 03 pupundde oq TTYA 3093301
_ anox "309foad susudoyoaap aejun posodoad ano I0j AuaaANIOP
{ejusmuolfAUS GYJ UO Supjucatod pue BupaatAnl 103 noA yueul

T b T.X I T L ToTo ]
nyeo zoIneviood

sgyTeM YOUNNTEY 203 quamoiuyg oudmy TejucmuOITAVI
a3e3q oyl uo “yesl ¢gz Raenaqad JO I9WIW] anox 330efqns
IRIVID *AH aIved
yunzjod *¥ UTATOH *IH IUOTIUOIIV
10996 TTYAUH fnin{oucH
BLEE x09 *0 °4d
JIuADH 3O 939iE

YyatuoR jo uewmiaedad
20300170 *¥IRID D BOTAND *IH

OV NIA
o8 2 LUV

@M_>=E9ag ya6t ‘9 :uua..

- B

D-24

R U

NINIONDH 30 ARNNDD NV ALD

hﬂn&ﬂ@_umhqaauunuﬂqom“
r

GTSOVE

- Nd®y



eyawd posodoxd ey3 jo bug3ies
[uan3vy Byl wWoIJ 3IINIIIP JoU prnoys s{res syl ‘aiojsieyly
rpue asyou A3psusIUl MO Ka9a 3jume edund 91gERiLuqng ge3nm
y37s sdemd 3juys OSUFT Tenen oW 30 pesisuy PalTeIsuf aq 1A
sdund sTqjsIvmans ‘ojun pujdund oy3 woxj esjou ozjmyule ol

~atqyssod SU SATENIIEQOUT

gv BOF3ITIIOT) Ino oyem O3 fugkal uy 1euuosiad 8,324

anok yats Ayasold Suiylom eIn puw 3oefoxd ay3 jO s3ouda}
Uﬂuwﬂuuﬂﬂ ayly uo qu33DU0 anoX yita InaUod OM - GO%UIQMUG‘

«yaomn Buyyouedy 3o BoURADRE

uy w3isyboroaeydav 8javd 93wls Ayl K3t3ou os{w TUIAR OH
«panyuay o174 oox oy3l GINIBTP TIIA on Y3 AoUD suerd N0
3% 7 11eM X003 DTS DITUIDITV IYI IV aznzuwoj of1d %203 B3I
3o X3TupoTa Byl Uy YIOA Buypeab pue ‘buyyouazy +fugaun]o 1{*
z03TUOW 03 3sjboloBEydIV UY 217U T1TA OM ~ 59178 Te0TI03NTH

tFUTADITOF BU3 3930 BA ‘SUOENIOD anok o3 Isuodsex ul
+quDmNOOp TEIUMUOIFAUB PABTADI AU 03 popuadde ed TIIA

193391 ancx "3°0leoad juawdo1oAdp I3IWA posodoad ano 103 juoTmaop
UjUoUOITALS D3 UO fuyjuewmod pue fuTARTACT IO0F nok yteylL

Tug  worneooX
sgpioM TRUTATY JO0F uU0WAINIL qovdur TeluamuoyAUd

azuiq oy3 uo ‘¥E6T ‘T UIITH 3O 103391 Inox 1300fqns

j0uQ *aNH aveg

60896 TTUAWH fnn{oucH
129 xcd "0 *&
yyenvy] 3o ®avlg
£322aNn063Y
{eanjeN pur puwl jo pavod
voszedatey) ‘oup nwneng *IH

oHIDYd NIA
po6 6 L EVH

Quarzoat

PO6T ‘LY YOIWH

AADD ~

NINIONOH 40 ALNNOD QNY AL1D
AddNB WaLYM 0 adgvosa

3131994 HIA
K1ddng 4210H 30 v.aﬂ,. 239

-

1933J30 UOJI0AI952Ad DJIOISIH WS
pue
vossadajey)

RO NENSNS

*£{18400U Te}

L 1S =it

‘M| TEAYS

Bujyaog)e Sojemole 2}60,036 a15)0eds @34s 40} oI 0 {ou Azojeiotdxe @43 JO A
fujdund 3533 J33je pue sbujanp *220)3q pasojjuon 29 #O| Weadls U} q5966ns aM
{yempypu) pscursB TUI}AEN DJERPUR J0) IWIGRY sapjAOdd meaIs jnuen|ey LS

eg|qed PRLINS JO MOLS WRIIS 333140 03 po32adxa J0U S} JIIRA
pURCJG PSR JO LUARIPUTIR *340J31NL *ADJTM PUNOJE |RSEG URYY JOUJES JOIEM
paujjuod-axjp L9AG] UBIY pue Jjount S) 324N0S WYOAIS BYJ VYR puv SBYIFA JsMOL
puR GLPPIW $33 Ul AU} S} WIS pruRniEd aeuqy 3no sjujed 13 Ayl

$95an0s9y JO3CH puv ILIRNby

+g3enbapeuy 9q 03 §13 9Y} ERIP BA

sqou s} 31 1 AN PpasseIppR 8 PLNOYS 3oudu) *sueyd Juasoud Japun Iqe
-pjoARUN puv 9349AP¥ 4109 39 LLIM 1oudm) SIYL A4 ap(qnd § jo Buj3yes Leamed
ayy Gajm A3p11q)3wdmoday pue wa[goad (¥O}IsnoIe J0 9sned3q ose Ing f5uoSedd
sajjeisae o) AQuo I *gaeg SELRd pAudeS OV} uojsniug} ue s} wnshs (1en ol

o1
omp abed

S13 SL1oN jnuenLed
2030 “edeyasn 913397 *SH



—d

Liddog Jnaey 3o premg 22

sy i ey

tgannd Afnay A1ay
JEMNN0P S1H1 KOTADT 01 Lpentekin MmO 203 ok eyl

spnie M JO 5:._&.

U1 111 PATLIIINCIN 10 DSHEDAY PARIR PUPIaN a3 up spagqIaren Jo sayoads
paieSuEns $ny ss0] 1Mmigey 10 ungv?1ane pa1inhat S| A3TALIS SIVIDTIM
PR ST CGeY ML TPUPTIEN £ SR meRDg urngery 01 Jmaefpe AoTTrA &) JO

sappes! gowp] £ FAIRETISDR A7IUA00D sromirtiry 1o sdan) Aexy st Al

Y

ey pepon Fogsnting o DA pim Q13 1mlqns ayl pamatAal QATY IM

g frofarony *STIAY IoUrRiEY 2N dog 819 1nalane
tearyakpy "SH IP]

1896 tiRamy ‘nInimng
(05 rooy f102318 rLIARATAL 055

\J
gﬁ z; To31ny La11enD) [RIUNCHOITMEY 30 231110
v 1030z W]
i ﬂ F g ereyain “N BRITIDT *FH

TS VIRV CL
NG SLrenm aavre)
CXCLAL .

120 Pl Tk

10 .
(ralle)

ERT A

RN W e L T (R ORT TG

ot DONINNY1d 40 INFWRIVAIA . ...

%
v ao

) yaat G nDIT

MY PV TTTICHOH 3T 10 O ST Oy
Pl ITTICHOM IS ONEY HLNGS G5 "DHITWN VPR

»,

T en T W W M|

."1
LN
oy
*4
5)

*auy ‘otitoed ka W
~1ea3u0d L311end [UIUSXUOITAUI JO BDT1I0 120 &
1

Ieouybug JOTyd puw ebuuvH (]
YAIHSYAYH OIVd

‘ganoh Anay Aaep

"BET9-LTS
3o Buwyq ®oueIART 30wjuod ssweyd ‘suojisonb Kue apey nolk 31

*uofsyara Ka3sozoz xnok yigs Surzojjuom
AOYJ WREIIE OIVUTPIOND TTTA 0N — BI2INONEY INIVM PUV DFIPNDV

2 obug
PO6T ‘€Y YoIWH oup nEmsng °*IH

@ @ @ ) NINTONCH 40 ALNNOD ONY ALID
. Addna HIALYA 0 OHw0a




*oux ‘o13%o%d Jﬁﬂ
10x3u0) A3PIwnd [wIusauolfaud jJo @10y7JJO 300

asougbuz Jeyyd puv Ishuuvy
SVYAYH

s 1

o13tavd MMW\ *feanok Atnay Axoa

(wAy) azg

Yd-iMH 2D SBET9-LTS

39 SuRyM eOURIAW] 30E3ucO osestd ‘suorisenb Kuw eavy nok 3II

fyeswtray o:hu oOXIVAM *BaTAIAg
S3TIPTTM DUV 491d °S °n ey3 pus sisaufbug jo sdio) Amy °§ °n h

oyl Y3ITA PBIVUTPIOOD OQ TITA DuwyiIea STyl j0uday Ava 33
y21om Auw puw puwiioa v sw pajwubysep ueaq sey AnTTeA IaMOT

-UoXTALS 8Y3 UO JUDEWOD 03 sn GuUAO|IwW uow=“MMamw"nM-u=dl ay3 Jo uor3iaod w VY3 BIF POSTAGY @U3 UY JUIFPUT TITA OH

*g1Z pestaed oYy o3 pepusdde eq TITA 293307 anox *3vefoad
juaudogeacp 2e3wa pesodoad ano 07 JULTNOCP TEIUGTUOITAUS
3FwIp oy3 uo Bujjucemuod puv BUTASTASX 107 nok yusyl

*cw3sds Awaybii ®3®3g oy} to jow uwaygyudye
¥ SATY JOu TITA SIIPM FRUTNIVY Y3 JO ucaa:uuMMMuuo oMMq '

D-27

INZHALVLS JOVIHI TVLHIHHOUIANT Tqv0 TEO[NV{00N JHTT9H ynudnien

NHYO ‘NUIONYTO0N 30, exg o uo . o3v 0 3933971 INo, 1309
STTAN TORY . s 3 813 II¢Iq M3 ¥8ET ‘6 YOIUH JO I903 X fqng

ST “aH aeeq

ToyITITedsunIy JO I0IDeITQ tROUZ
]
1033U0) A3fTend (wjuemmoITAUZ JO 09T330 Y0896 uaMme nuwsmM:mu
30308xfa Wiasux ‘wawyekn N WFITIFT WH 10L : FIvAUH jJo ©3838
Juandoyeaeg SIWOUCDT
. HOQHYOHIH : puw Bujuueld jo M:mauunmmn
OHIIVE NIA 30309114 'YITON °H JuaN *IH
o8 ¥2 034 . SHIAVE NIA

(zmiz0l -

351 ‘12 Kienaqng

0TL6°3 4t @H>=MQ ug 861 *91 uoIWH
<O

NWIONOH 40 AINODD ONY ALY

' ANlddng ¢33 J0 lalty =]

L T S I S G Snis T AR R SN S U SR et T SR S (R R S B A O




aaaugbug Fatyd pue Jabruey

YOIHSVAVH nzvy
YU 5O
‘sanok Arn1y Kaep

*pajosdxe
91V TUNR] WRDIYS O3 Sjowvduy oslaape Ou ‘MOT] weDils
30933% 03 pajedyotaue jou saw s{{om pasodoad oyy aouls

‘UCaIIS Byl I0J PIYsTIqeIsd oq Aewr jeyl spavpuels
weai3s-uy Auv yjym A1duoo [T§M paivog ay3 ‘IaAcmoy

‘mEa13s nueniey 1oy Splepuels wWRaIIB-ul POYRTIQRISO

J0u §RY SSDINOSIH [RINFIPN puvr pue] jo juosunyavdag

ay3 ajep oL “Lariea ayy o uollzrod damoy oByy UIYITA

PolTe axe sy1em posodoxd ayr (st ‘11 ‘y *6d) Koyrea

ay3 jo suofljrod xamo1 pur STPPIW PYY uj JuajxJIpuaauy

. 97 3Inq ‘suoyieania YByy 3w ejuuaied ST weailzs ynuenfey
"HOTJ WRdXIB IDDIJe o3 pajevdiorjur JoU BIw STTOM

pascdoad ayy (gz ‘7 "6d) S13 IFvap ay3y uy pouoyausu sy

JT3ToRd zap\\vuu

‘2

1

tHUTMOTT03 343 193730 DA ‘TUNEF WeDSIIB 03 a3oeday
Pu® M0z mweaals wnuwyuiw BUyuIoouod Jusuwod anoA o3 osucdssx ur

*SIH pastTAax ayy o3

papundde ag 11Im 393191 anox

*300{0xd juawdoreasdp aajwm poscdoxd

Ano 103 813 3IFvap 9Y3 uvo Aurjusuwod puw FUTMRTADI I0F noK uwyr

nye) ‘wornw|00y TST194 Fnuvniey
103 (S1d) uaaajels Ioedul TejuswUOaTAUZ
I3eIa oyl up ‘#361 ‘91 Lieniqag Jo xaz3aT anox

1303(qng

teawyaln *sH avaq

€18956 TTemeH ‘nintoucH
302135 PITANUYRIRH 0SS

WOV NIA

TIUARH 3O B3eag

tox3juod L3TTend

bee 2 WVN

UETYEEEL:

Y861 ‘gz Aawniqeg

NG OS) I

TejuBwUOIYALT JO GITIJ0
10399170 WEILIUT
vaeyalin *N v33IFIOT "SH

ATNIONDOH 0 AINMOD ONY ALED
Add N8 H3ALYM S0 Quvoa

<,

ol

n\.Nw
b Y 2 e

"OM INCHITTIL
1039217Q wiiajuy

ieyadn *N

A4 RS T

JTITORd NIA  :22

103231TQ wWyIajuy
exeyain *N BTITIST

o

tA19z3outs

TAOT) WEaIY§ Paseardap uITA 1xajucd
UT 3Jou ING BUNB) WEAAIS SASSNISTP ST3 IJeap oyl ‘AT3ussaly
“SI3  TBUTJ aya uT PpapnIoul aq  AOT) @ealIls  wnufutw
uo uoyssnasIp e Jeyy 3Isalibns an  *pajdayye ATuedy JTubys
9 J0u TTYA BUNB) ®WE3IIIS 3JBY] YIRS WEIIIS TNUBATEY JO
ROTJ JO soueuajutew ayjl sY 323foxd syy3 Buiprebar uragsuos
Azemgad ang *ROTJ Ul aSEIIDAp ® SdUITIadxa Arrexauad
Swealys Agiesu ‘abesn i1ajea 10y PITTITIP I8 STI3M JaA3UIYN

nyeg ‘eornetooy 'sTTaM nuUERTEN IO ST 3JeIq :393lqng

ieprysedey *IN aeag

£Y696 TTeaEy ‘nintouoy
SUBYY NIA 189135 BJUBR}AISG YInos gy
¥88 2 uVN nInToucy jo Ajunog pue X373

&1ddng 93BN jJo paeog
Iaaurbuz jatys pue 1abeuey
BpIYSRARH NZey *Ip

(anizazl

2,
7 ¥06T '91 Aaenigay

CLFM HymTH AIVII0NOW
LL
LIRS YRITITN

TTOHLNGD ALTYND “TYANSNNOHIANG 40 3440
HYMYH d0 3ALvYLS

eY317381

D-28

MIOLWY ¥ FOWOTD

et Pt £ e e s ¢



uasuyug plaweg
+ eAnoul YIvpy
U ujlenbosp
ysjivg sswep
331205 MIPWH
VNI NILA
£|6dng IajwM jo pimeg 99
Joyq
. x0D D Ywod
~53.777))
1f1nay sIno X

“JuIWNIOP PIsSARH Y Jo uojjeawdazd ayy U] (AJeST SUIWWCI
Jno pu1g 1M nok adoy pus SiA SIKL UD JUIWWOD 0 £yunysoddo ayy aujaaidde oy

*51a 9} U} pOSSNOSIP 2Q PINOYS STIPM jnuen{ey 3y wod) Juap gy £q

paonpuj aw3a1 wealis uy aSusyd Aug Jo uop)RiB|W Jjay) U0 S L swsjuelio JpWIpUR

25911 Y10q Jo 9[Ad 311 oY1 U} Al jueyiodw) uv man_n wead)s ay) on uonwadpy +39qey

juasaad 1} 03 wWEIAS Iy} dn samadiw osw ‘duays © 'wIRINSIG TRy a1y ‘wsjuedac ajwapud

Jaiouy CWELS ) U] IBMYRY S 0 puv UEI20 Y} UIIMIDQ AJeaBjw s I ‘220)31)

“yaazc ayy U] 9[0A3 a1 511 Jo Hwd spuads xsnjjow Sl “punoj £} *XSnTiow djWapus uv
Tesouwid GUIIIITN YIIYM U} YU U0 SWHANE oM} 40 2u0 OS]8 §] WEIS [RUINIEY

re61 ‘T UDION -3 maGyIAN "N 9RNAT SH

HIACTINT ALINMLLUOIAO 1VADI NV

*aaua)spra Jjay) aEplodeaf Jayyan) Lot sypaMm (NUENIEY A} wod) 19D woJj

Supmsas sojj 51j Ul uojanpad Aue ‘wedd)s ey U] ujeWaI op sadpuaT Auw J1 “nyuQ UO JAUNXD

Kgin} patepisuod 194 Jou 511 6261 Y punoj s9m UIwjaads due Fuo y3noyiyy -punoj Ua3q

ey ‘Agad ojwapua 3ava 0 I0100U0D SHAPUI) 210YM TIYEQ UD duD AUO A 5} WEIANEB UL

*gume;) unbe ojWapU? [813A0S 10] 191qey ¥ 52p3a0sd 3] 1UY) U} weaNE juspiodwy A19a @ 39 03
s1maddue *suojiod Jamo] puw PP 53} UL Juajjwdau] yBnoyye Hweaayg Inuen{sy

Funwg wWeens

“Ino poind A|1B10] 29 YoUusED 1} 10q f[{8ws 29
Aiqegoad (M smnade 3 Ji 1193))3 ue Yang +MD]JUWIB21E 3INPAI PINOD LINY U} YoIyM PAIIMD]
3Q [11M SI13)UM PIULJBOD DAHIP JO PEIY ay) suoddey sy J1 *selpod J9)9Mpunoad (esEq pUe
pauljuce axip Ay} UsIMIG aBuyea) esualou] ABul U U] YAIUM {yonty moy £q (12} youusd
2M 0F UIA) 10U 212M FNSIT IR duwnd) uoydal sy} U (949 Jayem [USEq Y} JIMO] [IIM
S{@M tnueniey 3y wod} piw g 19 Buidung apew aq 10UUED JUIWDIYIE IR0 UB YING
“s][¥d p2IOUg J0 MO}] WEINE BY) 10339 10U 1114 S][3AL INUBRTEY SME Y} Wod) J3}8M [USEQ
jo Bujdwind ‘1a)em paupuUeD anIp (2A2] YBiy puv ||F)u1Rd Wody ) JOUNa 2DTJINS 249 WHINEG
{AUETRY U} MOY) JO SADINOS A} asnwaaq eyl (g ‘vied ‘62 *g) opEW 5§ WIWRIHE aylL

550G 959} YPJA0LD pinoys
sTd 19vEg AL -uaajd JoU 2V SIBWIISS AY) 03 saseq aY) ‘JoAamMOY *suoldaiqns S1) pue
32 |nbe paswq vOMUI00H Y1 305 (L «#1j g7 "d) pa18]1 210 SINTEA pR1k ajqeUlEISNg

KFo0pAH

+g| (WU AU U] PASTNPE 2Q 1S
UED S)UTWII0D PUT RUIIDUOD N0 18YY adoy am ‘sse@YIPUeN “VE61 UPIOH § Jo aujpuap
asucdsad 3Y) passjw AJUaLI0ApEU] JAUAT) U1 shjajounydoqun “3NUA) [iuRE0jAUg “aknou]
XIWp PUB AN UENbIRL Hjun YRI9ssy A1ousid 9ANWI2000] YEMBH “ysiaavd sawep

14 3ojodonuy 5831205 MatIvi Jo SOUNISIFEY DY) LM JUIUMDTP SI PamMalAZ] IARY BN

nyeQ ‘eomeooy
S[I9M INUTN[EH
Jawain)s 10edw] [BIUALUOIIALY 1J8I0

1gastak(y “siN 1520
£1896 NUMIH ‘nnfouoy

193218 BIMnNEREH 055
joauog KyEnd (EjusILciAug JO 3210

. Yd KA 20)9241(1 W] fIBYRAN "N BN SN
86c0:3Y YRR 6T YN
s LETVED) Eg
196L-9v8 {909) PuoqdsaL
Tzegs 1eMIH ‘MiAeeoH
proy sndwmv]) 0SST = L8 POJMRID
1) mssoIARg
vouey je Hemeyy jo Ajs1aaruf)
h | _ ! ST A

D-29



{ { _ { l _..em,.gwm,.m-uwwmuw-}v“;ﬂ e T "B

ITUI nOTJuUTEIIN UF uoyIonpex JURSTITUETE ou ajedyoryuw
am ‘IaAamol ‘wuney enbe 2TuWIPUD [UIINDE J0] FeITqey
@ S8pFACId TOURNIEN IPY] OIVAT Daw om ‘S13d oy3 uy pajou ay

tvuneg uraals

"O11am 8yl jo uoyjviado

a3 buyanp EAOTJUREII0 oy3 I03TuOm TIeUs om xaavmoy
TIUEDFITuUbYs wq j0u prnoye 8308339 ayz ng ‘moryuwazys -

2onpex pinod s11eA pasodoad ano wWoxy ebedund 3ey3 anouos oM

*epoyyauw Buyyabpn
) teotbotoapiy woaz P2ATIBD A3yTTqeasaonox :o«uumuaawcm
JO S33VMTIES uO poseq exoa wuoybaiqne 83} puw 393Inbe Tesey

voinetooN eyl 03 (L *617 ‘zz *d) sproyA arqeuyelsns oyg
’ 12B6010apAn
tbutmotIO} ayy 19330 oA ‘EjumoD anod o3 asuodsar uy
.uﬁuﬁﬂoov Aﬁu:mﬂdouﬂbsu

P28TARI DY) 03 papuadde 8q TTTA 303391 anox *30afoad jusudotoanp

*aur *ay3708a I83ea pesodoxd 1no 203 grza eyy Buymeasx 03 nok wueyy

D-30

20 22 - o9 TE115F

Jsauybuy jo nhe 8 3ovduy Tesaomon il

16Uz 3 &w:u__u»ﬂumnnmm nuentey oyl I03 {S13q) Jusmaze3g Joedur nuu:oﬂ:oﬂu:m
33010 BYI O ‘98T ‘7z yoauR jo 393307 Inox 13oafqng

\nq\“\i e%“ 1X0) *ag awsg
‘granok Atnay K1

™y A IZB%6 TTeARy ‘nintouoy

*BET9-LZS  "peod ndueo Sest

¢ Stwyy nouszme Idejuns oreard ’nuotysenb Lur aAawy nok 3y Iajue) ﬁw“m=“nmwﬁnmw

, “WEAIIC Y} JO suoTIdod Tviuuazad oyy uy A1yeyoadas . 039837a x0) *d ¥woq *aq

m:::m‘ssma AWIPUD 303 ARITQEY nyl Jovday Aiswmisape pinoa

OHIDYd NIA :
#8601 44y

z ofeg ﬁ H>= HE B g ¥36T ‘9 Trady

Y861 ’9 1yady X0D *D Ywoqg °aq

7N
& @ @ - MINIONDH 0 AINAOD ONY ALID
* KNG HALYAA J0 Quvna

NIVIONGH dO AINNOT DNY ALS
Alddne "HElvM 20 auvos




Byl Ul [OAST I91WM [wEVq BY3 IAAOT T1TA STTUA
jnuenyey oyl wox3 phbw ¢ 3@ Buydung ‘opem eq Jouuwd
A1quqoid jupmolvis 2INTOSQE UV Yong "EIIvg poIdes
X0 AOTJ wWeaxs oYy IOAJJT J0U T1IA ETTeM jnuvnleN
sna sy3 woxjy xojva teseq Jo Bupdund ‘iajua pougjuod
oXIP Teant ybyy puv TIvVujel woxj Fjounl OwiaIns
91v wealls jnueate) UT MOTJ JO S3DINOE 9Y) OsNEdYY
gry3 oprm 5§ JuowalTLiE 3IPTF oyl ¢ ‘waed ‘6T *d. T
pasn osTe sem Apnas #,.uTH uyor *IH =oIj wang
*g0I% nnjeund juadvipT oyl Uy STTom GulleTAe JO
aouatzodxe yruotiviado puw Suyloabpng Twayboyoapiy
Aq paurmininp Paem SenTeA PTeTL olquuTPISNE BUL

LPPUTWIALNP S30TCA OE3Y3 ©1em mof  "suoybox-qns
537 pum Jozynbu fencq vorneyocy 8yl JoF paIsyl
o1v sanyea prajk erqeuyeiens L *AT2 ‘ZZ *da 1

1e3uncmios anok o3 esuodsna uy SUTROTTOZ P43 I0FJO oM

“511 posyadd oYy o3 popusdde og TTTA IJ9330T INOXK *30efoxd
juouedotoaap aojem pasodoid Ino 103 JUCTNOOP TWIUGEIOITAUS
3jeap oyl uo Sujjusmmod pue SuTmoTAsx oy nok yuwyl

nyeQ ‘RoInuiooy '811oM Fnuenivi
By3y 307 (SIA) 3uswOIVIS JovdDl [VIUFEUOITAUR
33exg eyl uo ‘paET ‘1T AIvniqog jo 193397 anox  1joe(qng

$UomMeTIUID

TyveAequany L UTAPE "JH  IUOTIULIIV

rz896 TyuArH ‘nintoucH

388335 e[00 0¥SZ

€8z TIvH wew]oH

vouri] 3% TywARH jo A31eIcATUN
a03ued

YOIRINOY FODINOEOH J0IWM

JHIDYd NIA
o6 QYA
UPYSETEL:

A OS) R

*e6T ‘T uodawy

MMONOH 4D ALNNOD ONY ALID

AddNB H3LYM JO Oyvoa

IR §

D R T it

R Gl S T MR

RPPPIVALS

[

HAAUTING ALINILHOJMA0 IVND3 NV

JEITIVL HIA
SMg 92
103007p1000 S1T wufihud
yqBeiBqeing ‘Y uyapl

gty C T

tL131aruyg QY4 “uesInldg NUeIfy
*(euuosaad $IRTIEyye puw JHHN Aq
PINITASI S¥A [FYIIIUN SFYI “JuIemecd o3 L3pun3zoddo ayy Joy nok yuwgy
*In0 pPIINI AT1¥I03 Iq Jouuwd IF Inq ‘[rews ¥q
prnos L1gqwqoad TI® 3® PRIANII0 IF JF *I993)% o® YIng *AOTJWEIIIN
IINPIT PINOI WINY UF YIT4A pIasscT 9q [TIA $19iwa paufjuod NP
jJo pwag oy) suaddey myql 31 *sIjpoq IajespunolB Iwswq puw pIng}
~uoT eYIP P43 wAImyaq dlwywey azwaaony Lem uml of YRRy (R ey
£q mouy ot op T o9 UIATS Jou P1aa #3TnE: 3893 dand) uwoyBax a3
UF [9A] 3I¥A [38Eq 943 Ieac] TIFR STIaA Jueniey oyl woly pBw ¢
a9 Sordeng  -spem 9q jounwd A1qeqoxd JUMNRININ AINTON(E TUF NG
*STINd PIAIEE I0 AOTJ WRIIIE S 1D3]Jw Jou T[}A STIIA pnueniey
Sri W3 mo1Z 393%A TesEq Jo Suypdund ‘xvawn pangjuod INIP TRAR]
4¥pq puv TIRIUIEI LOIJ JIOUNI IINJINS 1T WRIIIY [RUWN]EY OF AOTJ 3O

#30IN08 IYI SINWIRG IVYI IPTE O JUGNIINIE IPLF Wyr -z *waed ‘gz 3 2z
LpauToII9p
seA ¥894] 2294 o] “suwojBaa-qne =37 puw a9)ynbe Ivsrq woynuy
-00q W43 107 PFISFT niw sanywA pragk srquupeasng *f *FpL *zZz ‘3 U
tys10mo2 BuTAOTTO] 943 19330 puv S1F I09(QNE IYI PRAITAIL IAey BN
yg5T Lxwnusp ‘yreswy ‘nysp ‘woinegooy
‘yIIen NUWNEEY 931 I0] JUMEIINIS Jdwdu] [EIveMEoaAUy  1D3CENS
texwypiny *sH 183
€1896 JFFen®y ‘ninyoucy
TOC Booy *3199218 BTTANEAIRH 056
1e13u0) KIFIenh [wIUaEUOITACT JO IITII0
2031093110 WFIIICY *wawyakny N WIITIFT "EH
DIV NIA
peRE2 834 E
Q g> Y61 Kwwnaqei 12
ITR9A fiemrg) ‘ninjouol
133115 3100 0452 « €22 |17} $W(OH
U YUTITIY SEUN0SIY INTM
BOUEA J& lleme} Jo Ajis1aaguf)
T R S T R P A R S IR

D-31



.

PPl RIA
Krddag~dajuy jo pavod 0D
of 11y

quopuajupaedng SUTPTING pue J03INITA
ICMNE_ 11 Z0"

%wad .umrme 4
. M 1y
spanok Ana3 Xxop
*g19 Oy} MOJADX 03 aumnsuuommo o3 307 NOX YUWUL

*m3uewnod on
AUy pUu STTPM TRUENMTEN Y3 103 SId 9Yy3} POADTABI SAWY OM

: nqep eone(oof
L) apies Faueney oyl lo03 Sxy 13oofqng

: teawyekn *SH aTeq
£16896 TYuAwH ‘nIngoucy
10¢ wooy 4390138 RITANUNOTIRH 055

102300 &ITVRD TPIUSWUOATAVA JO BOTFIO
20350aFq wyIesur ‘vavyekn °H WIITIOT *UH

¥86T ‘6 Axmaqez
SUT-¥8 84

SHIYd NIA
yea £183d

VETNEEELR

- s e

SHdvd NIA
98 B YN
CEYSETTY:

*ouI *oT3ford NINI
1o13u0s K3PTvnd IVIUGTUOITAUL FO ©2T3FI0 132

Iaouthuz FaTyo puw 2obeueH
YAINSYAVH navi

i&&ﬂ.ﬂwﬂ

‘ganok At

“gET9-LTS
3¢ GuvyM 9oUaIMRT JIRIUOD osgord ‘suofysenb fuv oavy nok 31 o~

*pejoejzieun Q_u

A1aAT39791 0 PINOYS $ITOAIIBOA BYFP auooulpe a
oy3 ‘uotbox oyj Joj SITUFT STqRUIVIINS AU ugyITA
s} afIon posodoad ayy jo plofd ayy souys ‘foaty
*a01juEaIle ID2JIV O} X{eyjTun 8§ BITGA prsodoad
9y3 woxj ebudumd eyl 93WOYPUT O3 ydeabeaud
e7U3 ploARI TIYA DUF JUBTWOD anof YjTa Inauod al

a®3N0 pornx ATIP303 9q Jouuwd

37 ang ‘y11rvus oq pinoa Kiqueqoxd fie aw PITINVIO

37 37 ‘309J30 UW 4ON§ AOTFUVAIIS 3Ianha pINeD

uIny U YOTUm PeIINOT 99 T1TA BICIVA PIUTIUCD SYIP

. jo puwoy oyy ‘susddey syy3 31 “IoypRCq Xa3umpunoib
19svq pUR PIUTIUOD SYTP 6y umanldq sheyeat

egueIouy Awm wani uy Yopym (yonm moy Kq moux 30U

op I o& uaayh 30U JATA SIINEST I3 dund} uoybox

Z obed

#861 11 uoaen 193ua) YoIvaEay EBDINOTOH I3IEM

ING OO

AINIONOH O ALNNDD ONY A11D
AlddNS HRLTM S0 Osvos



™5

“ot313vd NIN
SKG 399

LS iEMi

uoLIeZL L[] PUET JO J0IID44D
A0U7391 K 13VRSTH

Lovpg ot —
tganok Ainiy Ksap

"pEbLy-Lz% 1% J3uls Lno
g0 gy uesdoeg 312TIN0D aseapd *suciisanb Jaylany Aue aJde 2J4d4d 31

*peaad

asq wady juowabeueyf {cio0ds v J0} sopidde Ajddng 123wl jo pieog
Jy3 udlym pasn ag ued JUIWNIOp SHYI 1ey3 05 SI3 Iy} up papniau}

A PLNOLS UOLIRWIOFUL SINL cgyocduy pue 53503 U0LIINIISULD
10} 320435U0D J0) padinbaa oup3 tadoas ‘uogpiedc] 'racy ‘eddy

susuabeuey {eid9dg ay) up A{lenide S1 INYR 03 s¢ Jaegagoun St 3] "2

*33afoad [[os SP4l 3O uojjeusmaiduy ayy Gu

-punosJns SINSSY IYY SSIApPE Aiojenbape 03 sicadde juamniop siyl 1L

.squoumoa Gupuoyo) 2yl Ja3jo pue dA0QE 343 Pand| AN 3ARY AN

nyep ‘ro{nc|ouy ‘rady weali§ pnucniey 4addq
sy |op jnuenpey - SI3 3je4ad 03 s$juamuo0)

redvyadn "SH 49d

EL0SG  blunvy ‘ninjoudh

Suidvd NIA L0g wooy *399A§ el }ANe I TH 0SS
prEnQ] JO 331e1S

veR 91834 Lo23u0y A3piend [RIUIMUOALAUT 3O DIEII0
40339440 w2305 ‘ereyakn *N eh3pa7 °SH

UEYSELEY:

yg6T ST Azeniqag

{Hs)sz5-ve/en

»LIINME LRSS
SEINOF "W LWINOW

AQWIIIN

[T L]

‘M IITHIIN HOEMBANY ‘M NEDIVD

TASE-CFR (4R} & R1006 NVETH "ATIATIONDH
L1BEAMWLE OHIN HAROS 059

OTNIONOH H0 ALNNOD OGNV ALID
MOILVZITIILN ONYT 40 1NINLHVLID

[

[ S LT L

C

yourxg bBuruueTd juandotesed
OT3TORd NIAA
K1ddnug asjwm Jo pavod 109

HOHD "L QUVTIIM

Sz

1Q3A0dddV
avuueta
OLOHVAYY HaTVH
e} vrd
1 K{9100UTS
*ggaooxd
maTADX DYJ UT 8N Buppniouy I03 nok yueyl *s83UIMICD

ou oawy pue SI3 309fqns OUI PAADTASI anvy oM

BLIoM (nuRNTRN 103
auowo3wyg jowdar TejveaucITAUT

twaeyeXn *OH IW9Q

D-33

£€1896 TI®MEH ‘ninycudd

T0€ wooy ‘3591318 wiAnRYoTeH 055
1ox3uo)y K3prend ejusauoITAUd JO 931II0
103099X10 WFIFIUL tgawyakn *H ©TIFIPT “TH

JHDYE NIA
¥861 '1 HOI%H
A

¥-¥8/24 .
S (FTVEYEY P

ANONLWOd HETTE

NItaE ARIwwTie ATID HOLWIONY ‘% HIBND

mOHI "L OUVITE

RS NIVRYH 'NIATONOH
LWIWLT DHIR HANOE -1

NTNTONOH 40 ALNNOD AnNyY ALLD
ONINHYd TVHINID 40 LNINLYVLI0

(o S R

7




YL ‘24 pORETIEN
sMa 1

A3

40333440 ‘oonx 1 ONIWI {°S4M)

.
LR
e

‘sinok A|3J3U)8
*$13 Y1 AIgAI 0} Kyjunaoddo sy Joj nok Jumgl

*3318 193foad syy 03 Ayjupxoad U $1341)98) VOJIEAIOM pur synd
o 3oudm} ¥IUIWISp AUR IARY 30U |L}A 303foad SLIM jnuwnqEn pasodoad L

sl jnuenqey
JUAsAINS JovlE] (vIUsauOSjAU]  33dfqns

ndryeAn TSW JveQ -

£1696 H1uATy ‘nynjouocy
10€ wooy 393435 R{IANRNI|TH OS§
1043409 A3j|en) (IUAEUOJ}AUT JO 831D
T
SHIOYA NIA

vea ke o3l

UEYXEEEL

¥esl ‘12 Adwniqai

AWELRINEY BALLASDEY
YHIMTIY "H NYINQ

M A AN
RCIERLE ]
i weien
O rMPyveewenbibing
JONt 7 Oxay3

BINNE HRRYH "ATAIOMON
LEWNLE DRIN HANODS 019

OITNIONOH H0 ALNNOD GNV ALID
NOILY3YI3H ONY $3UYd 40 LNFNLHYJI0

SRR SRR S A R

HOSNEBOMY ‘¥ HIED

. ——— Jp—

*our ‘o33Towd HLA-
oDao 302

asougbug Feyyd puw avbvuwyH

™

“BET9-LTS
3w GusgM edueiaw] 30wjuco ssweld ‘suciisenb Aue savy no&k 3

*JUMENOOP TPIUCUUOITAUS DONTADI Ino uy 3I0sfead oyl

03 FATIN(SI EOTIBpuUNOq weay Juemebwuvy (ujdeds ey3 Jo uojaesol
o3 puw ‘e3E0D pUY oWyl UCTIONIFNUCD ‘xIom Fo edood syl tyoa8foad
o43 jo sjovduy eyl UO UOTEENOSYP TVUOTITRDR epniduf ITRHE oM

*g1q PesTASI 9y3 03 pepuesdde aq TIIA
Ie33e7 anop  *300foxd juscdoreacp 1ejva pesodozd Ino Joj Juetmdop
Tu3jUOWUOITAUS JFRID W13 uC fugjucerod puu Buymetaex 107 nof yueyl

VOINVIOON 'STidM INHVOIVM HOd
SIZ IJVdd HHIL HO *9861 ‘ST XYUVNUEEd JC HELLAT ¥NOX YIDACENS

A144nS ¥ZLVH A0 QUVOH
YIGHIONG JUIHD QHY HHOVNVH ‘VAIHSVAVH DIV THOYZ

HOILVRITIIA QNV1 J0 JHIHIUVAZd
HOLDAWIA *X0UTEOH “H TIVHIIN 0L

SUIDVA NIA
pe8 £2 834

Oxainosl

AOD 7

PE6T ‘LT Aawnaqed

D-34

AIMIONOH 40 ALNNOD ONY AJ3"
Aiddns "3l DO Queoa .



ey uo juerd u:aﬁaauuu uouu:ouuux v nu:uu-cou ‘03 suwid juasoId ou

xoeugbug Fejyo puw aebwuwH
4nunm¢¥¢= nINi

Iv Suwym SIUIIRRT uoau:ou ouuuAm -=0uw-u=u w:ﬁ.r:n“nhMMhmm

PR 3ame,

. . . .

.-nauuomoum ucou-ncn -

ey juowmiavdop Inok vyl Juewmoop eou«:ou ogu ca ounu«unu Tim oM .

. .“.. x> -.m... kbﬂ l '3, ‘...o*w.l\.u
..,.mua nucuu nsu oa cav:o&&u 2q unq: nﬂunuuoﬂna .w
anox *3oefoad juowdoressp .a03un posodoxd ano 107. Juexmaop |
ﬁuunuacouqbno a:u uo m:uucunaou u:n oaq:UAbuu uou finX ansp \
) . LR !-aﬂ
. , .;?.

. - x1dans Saive 3
. xuuznuzu 4318 QR uuusz: .EEBEB 0FVE -,
. LI ,.- R e \—
i+ gyon HyEnd 40, [RERAG L
umu_zuzm mmuzu n=< moao.&un ..Emu “r TIYRSX

et o ......~:..

) o13To%d zabm
SMd 30D

zeouybug FOTUD puv 10303ITA
NOHD P TAVHOIH

+pupyound eyole ax OH

*6L61

tgz 3snbny pajep Kyddng a93uM JO pIRCH a3 ©3

{€LT~6L ANA) pnpueIowaw ano uf pa3xodax sv BIIE

ausse(pe oyl uy Juerd juswieaiy IIIEMIIBEA ¥
3onIjsuod 03 AoU guryd ou @av 2394} tyop3fppe uxl T

+300fo1d pasodoad &u3 Aq pe3oazge aq TTYA IWNd
S9T3TITOR] BYIOA oyiqad Bup3syxe ou BIw exayl T
153UdLWOD
SugmoT10J OYy dAvy pue SI13d qoafqne 9yl PIMITARI IARY oM

yyemaed ‘nyeQ TeoTneoox
tgr{om yauentey 103 g1 Ao

seaeyefn °sH 1¥ed

£1896 TFYesER ‘nIn{oucH
1T0€ wood ‘398133 eTTAnYOTRH 065
yTemvl 30 93°1S

TOIJUOD
K3jiend TojuauuolfAul 3O 937330
30309170 WYL
waeyakn *H ©¥3ITIRT “SH

D-35

SHIIYd NIA
peab1833

OETYLEEL

Zy-¥8 AN3 .

ye61 '8 Kaenagag

SELIVHIE AiReDE
wawH ‘N RIIWHFH
wsen ¥l JNINE o BRIYIEE v

O'ag ‘WAKD T IRTYHIIN

1096 LIVAYH "NINTWONOH
A133IHLE OHIN HLNOS 019

NINTONOH H0 ALNNOD dNV ALID
SHHOM D178Nd {40 ANINLEYJIO

MOSHBONY ‘¥ HIZUD



VIR EC e
puw

ningoucy jo Lunod 9 £370
A1ddng 193w 3o preog Tl

g7T1an IMNVIYIVA ¥0d §13 - *3

MASH IV I
391900 2T
. *YAVNOH "H RIATEH
a“ \lr.-l - -t " = l.. .-.
>y PR G e
*1013U0)

Kyypend [vIusmuCATAUZ 3O WITIF0 2 03 pamniex Suyaq S¥ §13 L

«aafy ST I¥ I9J3J0 03 SIOFAD
PAJIUEISANE OU DAY puw qoafoad 12afqna SIT ¥43 PINIFARE SAWY I

e e ——

STOA INNVITIVA 904 s1d  *10danns
3TN0 TEIA “VAVHON "H RIATIH HOEd
10RIN00 ALTTVOD TVINSHHOHIANA J0 31410
¥0I03410 HIWAINL ‘VEVHERQ "N VII131 *SH 01
SHIDYd NIA
3 UV ¥B6T 'S UIITH

Qzarnoall

#1143 samarE JOH
LIPAL-RLRER AL

sharly
TurNOW T HIATIN

HOSNIONTY "W NEIFND

IRE [IymTe ‘PINIONOH
C0f MO0y “11Iv1s VinylIMI8 ‘S $5F]

NTNIONOH =0 ALNNOD ANY ALID

ANINIHVd3IO 3HIA

-

I I &%

TT e T W %k
oned NLA
KAiddng satep jo pieog 00
Jo12211d
JIANNOE ¥ WVITIIA g
-z \ o
K
’ *Aioa90uisg
*1afoad a1}
UO JUIWWOD PUR MITART G} Kypumyzoddo spp sn Bujpiaozd 10] nOX que} 9y
s gJUIWWOD OU BARY pUR 1aafoxd J0afqns oy 1oj SI1F 8yl PIMIIART BARY O
B13 S(2m muen[e  oafans
ereyoin "8t 1020 %
|
£1896 Wemey "nupucy )
JHDVE NIA 10€ o0y *193.11G RIIANRXALEL 0S5
fenuoed Kifgend
voa 6 WA TeiEDWuoLfAUg JO SO
@ m 2012911 WAL
M>= M @ M eaeyakn *N eNNAT "8
21s-ye/zal #4861 ‘T Yoaeil

[TYSITC NTL ) L
BIMN YO

[1IR2L L)
AINHON ¥ RYIIVIS

sRivH

SRS HYRYH "AINTONOH
133y1% OKIN HLAGS 059
DHIOTND VDD ERNM NINTOHOH

AINITONOY A0 ALNMAOCD ANV ALID
SIDIAMTS HOLTY LHOJSHYH L 40 LHINLHYAI0

pel11014 ABTTIYH
SMYHD “1°) MANONT

HOTWIOHY "M NI D



£ 2131374 HiA
Kyddng J3jen jo pavog 139

ganso|2v3
LEd:"A{t dRT

jJuawjdedag |RIUIWUOILAU] *sabeury
L13uuo],0 1 pLENIMY

+£13400U}S

*qusmalei§ 3oeda]
{ejuauuoa jall SHYI uo juzmwod 03 A3junjacddo Y3 4o} nok yueyl

“3509

323f04d ¢ se pazyubodad 3q pLNONS pue 19m0315nY Yl Aq auaoq .

aqg jsnu 3Py} 1502 B 5} 3IPJALSS 1®2}432312 10 suoljelleisuy
punCAG13puUN pu¥ PEAYIIA0 UIBKIAG a0u343334p 3502 ayL - § Ibed  °E

*sjuawasinbas vade juawabeuna Leioads Ajunod al
yjims A1dwod sE []3M 5P JLeyaq s,0J3H4 vo s,¥nad ajviadoddde
3iuqns 03 ueld 0S{@ PLNOYS £1ddng J330R JO pavog s 4

swopgedodao) $334Andag SUOLZ £q pauno 13dJded Jo uojydod ®
ug pue s|adaed paumo 3jels uD $3jbawWased Mau Iyl Guguielqo
uy 0J3IH 15sSe 03 ueyd pinoys £|ddng 4930p JO pivoOl al 1

:sjuanmod Gupmo||03 U 43130
pue juswalels joedu] (PIUSNLOLLANT FACQR YT pamajAal ey IR

STISA TAUEn{ex 943 Joj juaudini§ 3dedu] [FiuspuoajAul  :393fqns
:eavyakn “SH 4%30
£1896 }LeARH *NLNLOUOY

LoE wooy ‘393415 v }aneYa|PH 0S54
foa3uo) A341end Lejudmuoa AUl jo 334430

JHIOYE NIA ;0453210 wpadjuy ‘vdeydkn K €HIFIIT SH
80 CUWN
(] g
R UETSEEE -
poruarig IINSRNORAND TENNYH
d TRNNOOD "1 QUVHE
yasl ‘62 A4eniqag

0¥896 / lieme ‘MMOUSH [ 0S(T *°8
*ONt "ANYAWODD 1910373 NYIHIYMNMYH

L4304 NI
Kiddng aajep jo pavog 322

233104 40 J2LWD
gajd "9 SV1In0d

K

o TLNERNTLS

Avl-wll

a0}y SIY I® yesodosd ayy 03 suojyafqo Aue dARYy J0u Op SR *3403
-aaayy *juamJedag 294104 NINLOUCH a3 Aq papraoad sadgadas Jo SaLILLide)
ajqnd a3 vo Joedm) quedjjjubys Aue aawmi 03 Jeadde j0u 0p SLL9H thuen|¥l

£1ddng Jejep jo pieod A *7315 Vo Juamdnba VO|IIMIISUOD upRyuoD
03 uayey stuojnedasd pue q33fold pasodosd sy Jo uni3edao] pare|os] Layed
ayy 0} @ng *nyep ‘rO|nRLO0Y IV S{L3N pruRn| e Poswuusd 343 J0) Juam] vs
joudm] (RUABIOLIALY Y} M3jAIL O3 KypumJoddo a3 sn GujAab Joj nok yueyl

seaRyafn *sH Jed)

£1896 iwmed “ninioucH

Loe wooy ‘392415 elimnwiRLeH 055

{os3ua) £34|enh LeusmUOdlALl JO 2835330
JA0392a}Q WU Seanyafn ‘N ®131391 *SH

DHDYA NIA
¥o8 ZUN

(EYSEREY:

yas1 ‘62 Aenigad

431HD ALN4TO
P LI PR LR L

MOAYN

D-37

SP-10 sowrvadzvuno

HOTMBOHY "N NIZTE

BLEESETH [#0T 200D Y IWY ° FI084 NEEYE TIATOMON
LAINAN FIMVAINDS wifoe "e

NAINTONOH 20 ALNNOD anNVv ALID
1N3N1YYdIn 32110d




A { | AR SR SRR SO S
JHIOVd NIA
;vﬁﬂﬁzg
’ 931379%d N
1oxauc) A371end [LIULIOITAUT JO 933730 12D
asourhbua FOjud pue IebruvH
<onww<r¢= NIl
\ltv.ﬁr&.‘x\b\\a:.&\d‘
sganoX Anay L1ep
“HE19-LLS

3w HuwyM souBIAER] 3IDUIUCD osvold sguogyssnb Auw eawy nok 3I

*gMg oyl
&q ouzog @q TTTA 9TITIFOU IN0 03 wDTAISES (wdlIJ0lR
HUTTTRISUT 203 BOUGISJJTP IS0O OYF IFYI INJUOD OH

=*3500 300{01d © ®W pezyubondx

oq pInoys pue xowolsnd ay3 Aq euloq aq IenE Il 380D

T BY SOTAIPN TUDTAIDO[e JOJ SUOFILTIRISUY punoabaepun
pU® DROLIDAD UGIAIDG QDUIIAFITP 380D AL - § obeg, ‘E

z obwa

¥86T ‘8 Yoavy 1rouuo),0 *7 PIVYITH *IH

NARIONDH 40 ALNNOD GNY ALID
AiddnNB HILvM =0 OQuvos

INdO3)

*3oofoad syy3

203 peaynboa =y IyWIEd VAGD OH ruoy3uoy1dde jymied
we1y Juswabvuei Teyoeds ano uj S9TITTIOVY pesodoaxd
A0 SAIOE O} POpPEPU XIom ODEH 11T SPNTOUY TTTA .94

«*93uswaInbex weiw jJusmobvurm 1eyoeds
Xaunod ey3 yata A1duod £v T1OA ¥ JIBYIq 5,003H U0
#,¥ng> vyviadoidde jjuqny 03 ueld os{w PINOYE SME OUlL. -2

*3o9foxd

pescdoad oy3 vAzes o3 Spuvy uoyvzodiop €3}IFINISS
SUDTE UO pU® DOUMO 03WlE UO BITITTTORF OUTT xom0d
107 sjucmeswo GUTUTYIQO U ODAll IFYEEW TTTA SHME BUL

»"UoTIvIOdI0D SRTITINDAS

suoyx Aq pouso Tooaed jo uoy3acd ® uo puw efedaed

POURC 03U3S UO SjuUCKeses sy oY) Bupuywiqo uy OdAN
asyesw 03 uerd pinoys (SME} Arddng Iejes jo pieod sul. °I

16bugAoT1oF 9yl X0FJO SR fRJUSTWOD anol o3 asuodeox ul
*3UUMOOD PINTADI TUUTZ ayjy 03

popusdde aq (TTA I9330] anox *3oefoad juoudoleAe) Io3uA pesodoad
ano 103 g1 3jeag oyl uo Buyjusemod puw BupaRfARa 307 WOk Nuvyl

{613} Juewp3uig Josdul [wauowuoayaud 3zvag

sTieM Fnusnyen ey3 uo ‘9861 sgz Axuniqeg Jo X339 ANOX 1302fqny

ITTOuN0D,0 *IH avag

09896 TFTVARH ‘nInyoucH

05LT %09 *0 "4

*guy *Auvduo) SFAIDVTI URTIVARH
ausuiavdeq

Te3juemuoI AUl 2 306vUvH

TISUU0D 0 *T PAVYDITH °3IH

unvé WA
yoa v LUvH
@Eﬁ_gg

05T ‘8 yoawy

(-

D-38

AINIONDM 40 ALNNOD ONY ALID
Addns WALV H0 OWvoa’



*our ‘oy3yond
T0I13u0D A3Trend (wiuomuoajaugz 3o ooy3fo 0o

2eautbuy Jajyd puvw xabuvuny
YAIMSYAYH 0

Va b ancd
‘sanok Kinay Kiaep

“9ETI~L2TS
3+ buvyy ooudrme 3oe3ucd esvard ‘euorisenb Auw eawy nok II

*sI1TOM BUTIBIX® 3Y] WOIJ SYVARIPYITA 3ID0JIFF

308 pInoyr s302f{cad 11oA INO ‘oloj@aoyl “sTToA LUINIXE

Y1 WOTJ STCARIPYITA Juaserd oyl Jo SJURUIIUEVE BY3 UO
paseq 219 gueld jusndoyaasdp aaj3um INQ - Tilom Jo3vM DUy

*jred ay3y aoy ueld Je3sen Byl YA orqiivdwod SOTIFTITOvVE
INO ajwnl 03 s [10AM A9 J0edwl TVNSTA oITUTUTWE ©3 UOTSTATA
EXI8d a3wls eyl uYTA pajvulpiood Eujeq elv s2y3 ag]
ano jo buydeospusy puv HUTIFE IYL - wjowddr Tens§A

tburMoltoy oyl 1e3Fo oM ‘sjusmsos anok o3 esuodsex uf

*513 portAeH ey3 03
papuadde aq T{yM 193391 2nox +*3oefo1d Juowdoreacp 193um pasodord
Ano 0] SI3 IFUIA 943 uo Bujjudumoo puw Bursetaezr 0y nok ueyl

nyeo ‘voinetooy 'SIIOM
ynusnyey x03 {S13) Juewalwls Iowdwl JejUeWUOTIFAUZ
3Fead syl uo ‘pEET ‘6 YOIVH JO 103337 Inox 13oefqng

TUCOIIUH *IH Iveq '

LIL96 TYivmeH ‘ernneR
Peod wunyny 010-¥S
T1eH X370 937119395 winney o/o
B8Z ‘ON pawvog
pooyroqybion wolnetooy
SHDYd NIA uvmIyeyd 'ucolavl uojybyead *an

¥R zz

UEYTEESY

¥E6T ‘07 yoawy

INd O

AMNIDONDH 40 ALNNOD ONY ALID
AddnNB "HALYM S0 Quvoa

- 2 0 0w

RUTWY PIAPD Joq@oo|Taunen
uotHeTEmo) pooyioqubyay
906 e3Ins doysya Tt
OFFFaRd NLA
Arddng 1e3em Jo pavog
I3aulbug Jeyyy puw JabeurH ‘vpryseAvy nzex "Iy 190

uRaI D
HOOLLYH ROIHOIZND

..Fﬁ.ﬁsé%é

fAyeaeouls

“jusmmos 303 Ayywmiazoddo puw uoyyviepisucs Inck 03 nok Auwyy

“s{r9A pasodoad pue Buyisyxe

Sud o3 onp Arddns paoanpar jo avaxyp

INCUYITA SAUTIUCO TTTA (NITd @INITOOTaby

nnyey ‘3vafoxy €,370H ‘vpoyes

=saomIed Jnuentl} syres pdsodosd

% 119A ST (JuUeTIONY pue wywding

‘ouetoury) eanjinowvnby/ornynoyaby o3

pasn Arjuezexd spiem oy3 Jey; exnsse
TiTA A1ddng ze3wyM o pivog wy3 Ivyr °z

I3aeg v3wlg wesnyiey
Y} JO 9anjwu SEAUINPITA a3 oazesaad
03 S¥ o3 pazjmiulw 9q s3ovduy (VNSIA T

ISTIaM INUENTYY 303 JuPwRINIS Jovdel TRjuCTUOITAUT
oy buypavbex wjusamos 837 pudd o3 ‘Buyieca pggl ‘g Yoy
511 I¥ ‘U0FIa0 %003 §Z *OH pIvOg pooyloqubTeN rOTNRTOON YL

texeyadn "W aesq

£1896 TTeARH ‘nintoucy

TOC WO "398I35 RTTANRAITVH 0SS
JIRATH jJO 93

T033u0) A3F19nd TvauomoITAUz 3O 901330
20309370 WYIBJUT

JHRYd NIA wavpdn vEITIel CoH

V88 2 1 YV
Qar1293Y

+861 ‘6 yaaey

L3198 LIYMYH 'VINAYH
AVOM YHNNNA D109
TIVH ALED JLITIDLVE YINNYH o
[Rringl st S0y “AnpIuny Wnnel W nympey)

020N Q4V08 Q0DHHOTHDIIN YOTNYIOON

CTOCTE o1 oy o

b-39



	Scann005.PDF
	1984-07-OA-REIS-KALUANUI WELLS.pdf

