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I. SYNOPSIS

In 1963-1864 an Hawaiian Electric Company sponsored base-line
Oceanograpiic survey was made of the Kahe area to establish environmental
parameters relative to the operation of the Kahe Power Plant, Although
pericdic environmental observations were conducted over the next few years,
the next comprehensive oceanographic and biolegical study was undertaken
by the Hawaiien Electric Company in the Fall of 1971, This 1971 study was
almed alt upgrading the base-line measurements of the 1963-1964 study and
analyzing the environmental impact of the Kahe Power Station from 1563
to 1971,

The bottom conditions observed in 1963-1964 had not appreciably
changed in the eight-vear interim. The general zonation of ancient (Pleisto-
cene), bare, reef rock and sand near shore {(Zone I}; poorly developed reef
consisting of up fo 90% dead, recent coral immediately offshore (Zone IT);
and, typical well developed leeward Oahy reef farther offshore {(Zone III),
was still observed, not only in the Kahe area, but south and north along the
coast from Barbers Point to Kaena Point. Seven biclogical transects were
made along leeward Osahu from Barbers Point to Kaena Point to confirm the
targe-scale occurrence of Zone II. Jn all locations along leeward Oahu,
extensive dead Pocillopora and to a lesser extent other reef-building corals
were cbserved in a depth zone of 8 to 20 ff. Several distinct ages of kill
could be discerned. The lack of coral growth near shore, and the zone of
mixed dead and live, recent coral immediéteiy offshore was thought in
1863-1864, and is still thought, to be a result of the natural cyeles of
normal biclogical growth during years of relative calm oceanographic and
sedimentological conditions followed by periods of strong Kona or other
storm conditiong resulting in intense wave forces and rates of sedimenta-
tion destructive to the coral,

The reef-building coral Pocillopora meandrina has been damaged

along a 500 1. axis from the discharge structure immediately within the



discharge plume. Slight damage can be observed for another 200 ft. along
the plume axis. The entire area involved covers approximately one-half
acre; several hundred of Pocillopora heads have been killed, Porites and
other reef-building corals in the same area are not appreciably affected,
The recent killing of Pocillopora can most probably be attributed to the in-
creased temperatures and turbidities associated with the introduction of
Kahe Unit #3 in October 1870,

Figh counts made in the Kahe area indicate that an abundant fauna is
found cfishore in Zone III, consisting of triggers, surgeons, wrasses,
squirrel, parrot, and other typical reef fish. Near the intake structure,
and in the intake basin in general, a large fish population was found includ-
ing large schools of the big-eyed scad. It appears that the intake basin
and structure provide & haven for various fish. Small numbers of fish were
found within 500 ft. of the discharge structure. Fish are virtually absent
from the axis of the discharge plume out to about 200 ft. offshore.

Flanktonic studies of the intake and discharge waters show that no
obvious mechanical damage occurs as organisms are passed through the
condensers. Delicate strings of diatoms, small jelly-fish, ete., pass com-
pletely through the Kahe Power Station without apparently being injured, No
evidence could be found in the plankion samples that an 11°F rige of temper-
ature above amblent within the condensers had an effect upon the biota,

Surface waters near the intake structure were found to be nearly
saturated with dissolved oxygen, while the heated effluent emerging from
the discharge structure was found o be highly supersaturated, aithough
the total amount of dissolved oxygen is slightly less. It is apparent that
the Kahe Power Station bas little effect upon the dissolved oxygen content
of the Kahe waters and that there is abundant dissclved oxygen, even in the
effluent, to meet the demands of all organigms.

Although the Kahe Station aliers the physical environment in several

ways, e.g.. lncreased horizontal mixing and altered velocity digtributions,

Joueis
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the primary physical effect on the adjacent ocean is a rise in water tempera -
ture., Under normal, Northezst Trade Wind conditions, the heated plume
i carried offshore with little recirculation and an outfall temperature of
about 10° above ambient. With severe Kona {scutherly to southwesterly
wind} conditions, the warm plume is swept northward, and into the intake
with congiderable recirculation. TUnder these conditions, the outfall tem-
perature is more than 2Z0°F in excess of ambient temperature. Further-
more, vertical mixing is extensive under these conditions, and consider-
able heat is transporied to the hottom. Northwesterly winds result in a
southerly driff of the plume. While such winds are rare at Kahe, the re-
sult is an unusual elevation in temperature aglong the shore southward of
the discharge. Under these conditions, also, there is much vertical mix-

ing near-shore with a conseguent increase in reef temperature,

The Kahe discharge transgresses 5 dynamical regions with distinct

mixing processes:

Region 1 —~  Within & few hundred ft. of the outfali, the
water column in the discharge jet is nearly
isothermal; diffugive mixing of heat is hori-
zontally directed,

Region 2 — Beyond Region 1, the outfall turbulence ia
not sulficient to obliterate the vertical tem-
perature stryciure; a thermocline ocours
al a depth of several mixing is dominantly
in the vertical direction,

Region 3 —  Turbulent and advection energies are reduced
to a low enough level for buovant forces to
sharply stratify the water column with a shal-
low thermocline; vertical diffusivity decreases
by a facter of 102; mixing is primarily hori-
zontal; atmospheric locsses and horizontal dif-
fusion markedly reduce the warm-water plume
temperature. Heat dissipation and diffusion in
fegion 3 reduce the vertical density gradient
to the point that vertical instabilities again re-
sulf,
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Region 4 —  Ambient turbulence is sufficient to induce
vertical mixing which diffuses the remain-
ing heat downward., This region of re-
newed vertical mixing encompasses the rest
of the dissipation area except for the near-
shore region.

Region 5 ~ Bathymetric relief near shore induces mix-
ing associated with wave orbital motions,
The veriical mixing resulls in a nearly isc-
thermal water column. Region 5 extends
several hundred ft. offshore, depending on
local bathymetry and surface wave charac-
teristics. 'The plant discharge is directed

Fad

at Region 5 near Kahe Point, The mixing

process in this region surrounding Kahe

FPoint is responsible for the transport of

much of the effluent heat to the reef below.

Oceanographic and ecological surveys of the Kahe area are continu-

ing under the support of the Hawailan Electric Company. Not only are
routine temperature, oxygen, and salinity analysesg being performed peri-
odically in the nearshore waters, but, specific biclogical experiments are
being conducted in the discharge plume of the Kahe Power Plant, These
biological experiments inciude the transposition of selected species of
coral colonies to various areas in the effluent field in order to evaluate
temperature and turbidity effects, and the study of ecological succession
upon cleared areas in the effluent fleld. Continuing studies are also under
way in analyzing the interaction between the plankfonic biota and the con-
denser circulating system. Special engineering studies are also being
made in regard to the effect upon the environment of various alternate in-

take and discharge configurations, including unconventional arrangements.



i, INTRODUCTION

A, Work Statement

In August 1871, the Hawalian Electric Company engsged the En-
vironmental Serviceg Divigion of B-K Dvnamics, Inc,, directed by Dr,
Theodore Chamberiain, to undertake a comprehensive study of the hydro-
dynamics and thermal fields, marine ecology, geology and related aspects
of the nearshore waters adjacent {o the Kahe Power Station, The investiga-
tion was to be a coniinoation of the original base-line oceanographic and
geclogical surveys of the same area made by Dr. Chamberlain in 18963~
1964 and periodically continded until 1867, and was to relate to the en-
vironmental impact that the Kahe Power Station had had upon the near-
shore waters over the intervening eight years., Field work commenced in
mid-September 1871 and continued through November 1871, Field party
crews were directed by Dr. Chamberlain; Mr. Norman Buske was re-
spensible for the hydrodynamical, thermal and related physical oceano-
graphical studies; Drs. John McCain and Bsrry Wulff were responsible for
the benthic ecological and the plankicnic investigations respectively, as
well as general chemical oceancgraphy. Appreciation is expressed to
the Hawallan Electric Company for the use of its boats, equipment and fa-~
cilitieg, and to many of its personnel, especially Messre. John Daamen,
Fdwin Baughman, and Jack Rolfing, who were responsible for assistance
in the field and engineering and other liaison, and Mr., Robert Ikuri for the

reparation of the araft of this report,
X

¥, Kszhe Location and Setiing
&

The Kahe generating station is located on the southwest side of the
island of Oahu at approximately 21°22" North Latitude, 1582087 West Longi-
tude. The station is located midway betwesn Barbers Point and Maili Peint
{¥igure !, Map), From Barbers Point o Kahe Point, the coastline is of

low reliefl. Beyond Kshe Point fowards the northwest, although there is a

el
¢
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low coastal zone, the hinterland rises up into a series of rugged mountaing,
the Waisnae Range (Figure 2). Campbell Industrial Park lies 4 miles to the
coutheast., Barbers Point Naval Alr Station is 5 miles southeast, with a

rather compleie meteorological station at 21°18' N, 158° 04" W.

., Arez Use

From Barbers Point to Kahe Point, there are no significant heaches,
Four good beaches are locafed between Kahe Point and Ma ilt Point: (1) a
very small pocket beach immediately south of the plant discharge, (2} Kahe
Beach, {3) a small pocket beach about one mile northwest of Kahe, and {4)
an exiensive beach fronting Nanakuli,

The area is used extensively by fishermen, swimmers, surfers,
gcuba divers, coral coliectors, campers and others, generally for recrea-

tiow.

3., Climate

Kahe enjoys a mild, sunny climate with seasonal temperature rang-
ing from about 72°F {February) to 789 F (September}. Diurnal variations
are roughly 12°¥. About one-third of the time, winds are from the north-
eaat {the Northeast Trades), Relative humidifies are typically about 72%.
Rainfall is about 20 inches annually with most falling in the winter {Appen-

dixz A},

. Qceanography

1. Wind-generated waves

Wind-waves reachihg the Kahe Beach area sre generally of four

claszes which are related to predominant metecorological conditions within

the Pacific Basin, These wave conditions are {ypically as follows {Chamber-~







a, Kona Wind Waves — Generated by local west-
eriy-moving storms; period 7 seconds, breaker
direction 235°, breaker height 2.0 ft,, fre-
quency of occurrence 9. 5%, generally during
the winter months,

b. North Pacific Swell — Generatied by the pass-
age of low pressure areas across the Northern
Pacific Basin; period 13 seconds, breaker di-
rection 265°, breaker height 1.7 ft., frequency
of ocecurrence 39%, prevalent during the winter
months,

¢c. Southern Hemisphere Swell — Generated by low
pressgure areas in the Southern Hemisphere;
period 15 geconds, bresker direction 2509,
breaker height 1.8 ft., frequency of occurrence
53%, all of which is during the summer months,

d. Trade Winds Waves — Generated by the easterly
trade winds; period 8 seconds, direction of ap-
proach in deep water 020° but due to the shelter-
ing effect of the island, of minor importance at
Kahe Beach,

Z. Tides and Currents

Astronomical tides are of the mixed class with two high waters
and two low walers daily. Datum level is Mean Lower Low Water {MLLW]),
and the mean tidal range is slightly legs than two feet (see Appendix B for
details).

Offshore of Kahe the currents are weak with speeds generally
less than 0.5 knot {Chamberlain, 1964}, The measured currenis result
from the general circulation in the Oshu avea, seasonal effects, tidal cur-
rents, wind drift, wave-induced flows, and effects due to previous en-

vironmental conditions,

3. Sea Temperature

Ses surface temperatures at Kahe vary from about 76°F in March

to 8297 in September with diurnal variations of about 29F {Figure 21};



The general thermocline is below 200 ft., which depth does not occur in the
immediate survey area {Bechtel, Data Book, Kahe Plant Unit No. i),

The ambient sea surface temperatures vary by as much ag 1°F
within distances of a few hundreds of feet, These variations are primarily
due to local differences in mixing. Only with many synoptic temperature

measurements can a meaningful "ambient” temperature be estimated.
4. Rathymetry

The bathymetry between Barbers Point and Maili Point ig char~
acterized by a narrow, seaward-sloping shelf, The depth contours are
nearly parailel with the shoreline but curve in slightly toward the coast
between Kahe Point and Nanakuli. Predominately covered by an ancient
reef, probably of late Pleistocene Age, intermixed with extensive areas of
recent coral growth, dead coral, and sand pockets, the shelf is transected
by five major channels which run from the beach out into deep water, These
shelf breaks are now filled with sand but sare most probably related to an
ancient Pleistocene drainage system. Three of thege sand channels are
northwest of Kahe Beach, one is directly off the digcharge structure of the
Kahe Power Station, and one ig south of Kahe Point {Figure 1}, The detailed

bathymetry at Kahe is shown in Pigure 3.

3, Littoral Conditions

The littoral conditions af Kahe, including the behavior of littoral
sand, are directly dependent upon the types of waves reaching the western
coast of Gahu. As seasonal variation occurs in these waves, a proncunced
seasonal cycle of beach erosion and acerstion nccurs. Sand is moved fo-
ward the northwest during summer and toward the southesst during winter.
The sand particles once brought into the Kahe system move through the lit-
toral zone, residing now upon the beach and now on the reef fiat until they

eventually are carried into deep water and permanently lost from the

Z-8
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littoral system. Irrespective of these seasonal fluctuations, a net yearly
transportation of littoral sand to the southeast occurs, with the sand eventu-
ally being permanently lost from the Kahe area by transport seawsrd down
the sand channel just north of Kahe Point. Although the exact magnitude of
this volume loss is not known, Z, 000 o 3, 000 cubic yards per year is prob-
able. A more complete discussion of the dynamics of the littoral sand
transport, including detailed measuring of sand volume by beach range, can
be found in the 1864 Chamberlain report,

sSubseguent to the construction of the Kahe Power Plant the
natural sand transport was modified by entrapment of sand in the intake
basin. The volume of entrapment ranges from 20, 000 to 100, 000 cubic vards
per year; this sand has been consistently, vear after year, transferred to
Kahe Beach north of the intake basin, There is no evidence that the intake
basin or the method of disposing of the sand to the beach to the north has
had any effect upon the gross littoral sand patfern, beaches, or reefs of
the area over the last eight years.

The gand in the Kahe area that makes up the beach and near-
shore reservoirs is composed of approximately 95% organic fragments.
These fragments are calcareous, relatively soft, light in color, and give
the characteristic texture to the beaches and nearshore sand bodies, The
approximate composition of the organic fraction of the Kahe sand is as
follows: Foraminefera tests, 50%:@ mollusk fragments, 20%; red algae,

18%; echinoid fragments, 10%: and coral fragments, 5%. About five per-
cent of the total sand deposit is composed of detrital mineral and rock
fragments derived from the hinterland and carried to the coast oy the in-
termittent streams draining the Walsnae Rangse. This detrital fraction of
the gsand ig composed of the following constituents: Fresh lithic fragments,
usually basalt, 60%; Weathered rock fragments and olivine crystals, 5%;
Plagioclase feldspar crystals, 35%, The median of the grain size distribu-

tion of the Kahe sand generally was found to range from ©,3 mm o 0,5 mir,

28
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although great varviation was found between sand samples, especially on the
reef flat. Beach samples were well sorted: reef samples, becausge of the

influx of coarse shell material, were poorly zorted.

6. Marine Biclogy

A8 sea level dropped during the late Pleistocene, the various
Pleistocene reefs were truncated, eroded and in places became the base
structures for present reef-building corals and algae, The present living
reef off the Kahe Power Plant covers an average of less than 20% of the
ancient reef upon which it is builf. A description of this area's bottom con-
ditions is found in Section 111, In general, the nearshore (Zone I} bottom
consists of sand channels and flats with patches of ancient low-lying, flat
reef. Little biota is associated with this area other then such cbvicus
forms as algae and a gpecies of short spined sea urchin. Only those or-
ganisms which are firmly aftached or can tightly grasp the reef are found
in this zone since a large amount of surf action and sand scouring presents
an environment suited only for the most tenacious,

A little further offshore {Zone II) small coral heads and en-
crusting coral appear on the upper portions of the ancient reef. The dom-

inant corals found here are the head forming coral Pocillopora meandrina

variety nobilis and Porites lobata which encrusts the ancient reef op may

form a castle-shaped head.

In Zone 1], offshore from Zone II, the recent corals form not
only on the upper portions but also on the sand channel sides of the ancient
reef. The reef of this zone is rather typical of the leeward Oahu regfs,

Assoclated with the recent corals of Zones Il and I are numer-
ous species of fish, including butterfly fishes (Chaetodontidae), sguirrel
fishes {Holocentridae), surgeon fishes or tangs {Acanthuridae}, hawkfishes
{Cirrhitidae}, damsel fighes {Pomacentridas), wrasses {Labridae), Parrot

fishes {Scaridae), and trigger fishes {Ralistidase}, Although the diversity of

]
§
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fish is low in Zone I, large schools of fish such as scads {(Carangidaej are
occagionally found in these shallow waters. As the percentage of living reef
increases, the diversity of the fish fauna generally increases. Thus, a more
diverse fish fauna is obvious in Zone III than in Zones I or 1L

Many invertebraies are found assoclated with the larger living reefs
of Zone [{I, These include the ses star Acanthaster, along with other sea
stars, several species of long and short-spined sea urchins, sea cucumbers,
various crabs, fan worms, and an almost innumerable list of small crusta-

ceans and polychaets.

F., Station Operations

Three units {Kahe-1, -2, -3} are presently operating {(although Kahe-3
was off-line during most of the present study pericd}, A fourth unit (Kahe-4)
ig under construction. The boilers are oil fired (asphalt residual fuel),

Sea water is used for condenser cooling,

Approximate residence times have been estimated from the flow rates

and reservoir volumes as follows:

Intake struciure 2 minutes
Intake bagin 4 minuvtes
Connector pipes Z minutes
Condensers 0. 08 minutes
Discharge Duct _2 minutes

10 minutes

Fouling presents no gerious problem at Kahe, apparently because of
the abrasive action of the sand which passes through the system. However,
the units sre pccasionally cleaned mechanically., The flow through single
unite is also reversed for cleaning. {(This reversal is internal to the plant.)

The general station layout is shown in Figure 4. The circulating
water passes over a 4'-67 gill between the intake jetties (U-shaped structure
above survey boatl in pleture}. The basin formed by this sill acts as a re-

serve cooling-water source in the event of tsunami. The massive intake

s
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S,

structure appears at the head of this holding basin., The sea water passes
from the intake siruciure, underground, to the diamond-shaped intake basin
(which iz seen on the near gide of the plant), From the intake basin water
is drawn 1o the individual condensers. It ig then tumbled down a discharge
duct to the discharge structure (right-hand side of picture}.

Pertinent, technical information about plant operation appears in
Table 1 and in Appendix H,

Several tens of thousands of cubic vards of sand are removed from
the intake basin annually. This sand is used to replenish the Kahe Beach

toward Wainae, *

* J. Rolfing, personal communication, Septernber 20, 1871,
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TABLE 1

KAHE GENERATING UNITS

Unit Number

Commercial Operating Date

Nameplate Rating (Megawatts)

Cooling Waier Flow

{thousands gal/min}

Heat to Cooling Water

{millions RTU/hr)

1,2

Cooling Water Temperature

Rise (0 )2, 3

i

4-20~63
78.7
72.0

366

10.2

11-1-64
78.7
72.0

366

16.2

10-1-70

81.6
74.0

370

10.0

1972

81.6
74.0

370

16,0

1

2

apparently, as much as 11% more.

3 Calculated from the relation:

femperature rise = 5 Hesat to cooling water

where

This flow is divided between two pumps for each unit.
is turned off during the period of minimum load — midnight to 4 A. M.

Cooling water flow

At rated load. The output is often less than this value and occasionally,

y = 2.02 x107% gal-oF-HR (BTU-MIN)"}

Normally one pump




I, BOTTOM CONDITIONS

A, Introduction

In 1963-1864 the bottom conditions found off Kahe were studied in de-
tail by means of aerial photographs, glass viewing boxes, underwater diving
traverses, and water jettings., The descriptions of these observations are
included verbatim in Appendix I. Figure 5 is included from Chamberlain's
1964 report as a summary of these 1963-1964 bottom conditions.

As can be seen from Figure 5, the general hottom conditions off
Kahe congist of a mixture of sand flats and channels and reef areas. The
reef areas in turn consist of an ancient, probably Pleistocene in age, reef
upon which recent organisms have built additional reef structures. There
exist seasonal, yearly, and multi-yearly changes in the amounts of sand
on the reel base off Kahe, and these changes in sand cover have a pro-

nounced effect upon the living reef,

B. 1863-1884 Bottom Conditiong

The general bottom conditions at Kahe are shown in Figure 5, and
algo can be seen in Figure 6, an aerial photograph taken in 1963, Under-
water observations revealed that several geomorphological zones could be
cbserved. These zones can be classified not only by their geomorphology

but also by their general ecology,
i. Zonel

1963-1964 investigations revealed that near to the beach and ex-
tending out to about -5 ft. mean water, the bottom consisted primarily of
sand and ancient reef, This zove was a zone of intense wave action and a
zone that was continually subjected to major shifting of sand bodies, The
only organisms that were present were those with low profile and those that
could tolerate sand burial for certain seasons of the vear. Iigure 7 consists

of photographs taken in 1964 showing the nature of Zone L
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2. Zone i

Seaward of Zone I the topographical relief of the reef increased
due to recent coral growths. In this zone the living corals were found only
on the highest elevations. On the lower elevations and along the sides of
gand channels extend ing offshore, numerous colonies of dead corals and
other organisms were found., These dead organisms represented an initial
growth period when the area was devoid of sand, followed by a pericd of
sand inundation and exireme wave turbulence during which the organisms
were killed. Although no exact age could be attached to any of these dead
organisms, several death groups could be discerned based upon stages in
decomposition of the colony., The frequency of these kills could not be es-
tablished, but the kills probably correspond to multi-year cycles of intense
Kona conditions or other periods of extreme turbidity and sedimentation off

leeward Oahu (Banner, 1968},
3, Zone III

Seaward from Zone I off Kahe could be delineated a zone of
normal reef development, typical of a leeward Hawaiian coast. In this
zone very few dead ceral colonies could he found, and the reef was a flour-
ishing normal reef. Zone [II was restricted to offshore areas or areas
raised six to eight ft, above the general sand level. Figure 8 consists of
two photographs taken in this zone in 1084, The upper photograph shows a
flourishing reef structure in about 40 ff. of water. The lower is a photo-

graph taken in the sand channel just north of Kahe point at the same depth,

C., 1988 Bottom Conditions

Although no underwater observations were made in 1988, underwater
observations made from 1984 through 1887 by Chamberlain, coupled with
1968 aerial photography, show that the distribution of sand flats and chap-

nels, and reef areas had not changed since 1983 (Figure 93,
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D. 1871 Bottom Conditions

In 1871 the present investigation was conducted involving extensive
underwater reconnaisances. Figure 10 is a photograph taken in September
1871, When Figure 10 is compared with Figure ¢ taken in 1968, and Fig-
ure 6 taken in 1963, no significant changes in the sedimentary pattern can
be discerned. Specific reefs can he continually identified over the entire
eight-year period since the construction of the Kahe Power Station. There
is no reason to suppose, based upon these eight years of study, that the
construction of the intake and discharge structures or the practices of re-
moving sand from the intake basin and depositing it to the north on Kahe
beach has had an appreciable effect upon either the Kahe beach or the off-
shore sedimentation pattern,

Underwater surveys made of the Kahe area during September and
October 1971 showed that the general geomorphological units observed in
1963-1864 were still present. No changes could be observed in the general
boundaries of Zone I at Kahe. Evidence of very recent coral mortality
over about one-half acre and involving several hundred coral heads was
recorded {see Section V, Biclegical Impact). This mortality should not be
confused with the widespread natural mortality ohserved over the last eight
vears in Zone 1,

in Getober 1871, in an attempt to document the extent and per-
severance of Zone II along leeward Oahu, biclogical and geological traverses
were made from Barbers Point as far naféh as Kaena Point, these ex-
tremes being well beyond the mosgt remarkable extrapolations of the influ-
ence of the Kahe Power Station. Seven complete biological traverses were
made: (1} Barbers Point, (2) Refinery, (3} Kokic Park, (4) Maili Park,

(5} Mauna-Lahilshi, {6} Keaan Park, (7) Kaena Point. Underwater vigusal
species kill counts were made from the coastline out to a maximum of about
1560 £, offshore (Figure 11). Zone IT with its high percentage of dead, re-

cent coral could be easily identified all along this leeward coast.
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In gorme areas of Zone II there was a higher percentage of dead coral. Fre-

quently in these areas of higher Pocillopora all other corals, such as
m&:@, showed tremendous growih forms, in many cases growing into
massive mushroom-shaped heads sometimes fifteen feet in height,

No major differentiation could be found between Kahe and other
areas [rom Barbers Point to Kaena Point in regard to the amount of dead
coral found in Zone II, with the exception of an area of about a half acre of
recently killed coral immediately in the digscharge plume of the Kahe Power

Station,




IV, PHYSICAL IMPACT

A, Introduction

The Kahe Generating Station produces several phvsical oceanographic
effects which are measurable in the vicinity of the discharge. These ef-
fects include;

Temperature rise
Thermocline development
Circulation changes
Diffusion changes

Salinity rise

In regard to the estimation of the biological impact of the discharge
o the ocean environment at Kahe, the introduced thermal effects are far
(an crder of magnitude above ambient temporal fluctuations) more severe
than the other physical effects, For example, the outfall speeds are al or
below wave orbital speeds by the end of the outfall jeity. Beyond this point,
the effects of velocity are more subtle and, probably, largely indirect, The
axial velocity field is estimated in Appendix F,

According fo ocuyr messurements which are described in Appendix G,
the increase in horizontsl diffusion in the main jet is roughly equal to the
ambient, horizoptal diffusion. And this increased diffusivity apparently
dies out within a few hundred i, of the discharge, These diffusion studies
also showed that the vertical component of diffusivily is damped about two

rders of magnitude over an area corresponding o a radius of about 1000 ft,
of the discharge. However, the ambient and induced motions are largaly

norizontal, and no direct effects of this introduced stability have been sug-

A salinity profile {Sta. 38, 14 Ocisber 1871) near the outfall showed

[

vertical variations in salinity of about 0, 1%, which variations are near

the ambient level of fluctuations, and near instrument — Beckman REI -5 —
sensitivity. While such variations in salinity, probably due to increased

evaporation of the heated effiuent, are probably important for the far field




mixing process, ecological consequences of such small changes in salinity
are nol apparent. The reduction in galinity which naturally cccurs directly
from rain and with runoff must be much more important at Kahe,

The major part of the physical studies concerns the temperature
region of the digcharge, Either the direct temperature rise and the intro-
duction of a2 thermocline may be expected to affect certain benthic or plank-
tonic species. Since the organisms may be as sensitive to extremes of
temperature as well as typical tempevatures, the thermal field has been

predicted for severe {(Kona) conditions,

B, Summary of the Thermal Regime

Immediately after passing through the condensgers, the cooling water

enters a discharge duct and flows down this duct fo the discharge area,

‘the drop in elevation in this duct ig approximately 2 ft, {see Figure 12},

At the end of this duct is a sharp corner and following this corner is the
discharge structure. The structure is of complicated geometry with both

a toe projecting from underneath and an upper lip that goes beneath the
water surface in addition to an outward tapering orifice., To the north of
the discharge structure ig a jetty formed of large rocks below with concrete
on the surface,

Water leaves the condensers at about 8 ft. /gec. , and by the time it
has reached the discharge structure, this speed has increased to ap-
proximately 10 ff. /sec. The corner at the end of the duct deflects the
water to the northward and, on the north side of the chservation deck the
flow is approximstely 10 i, /sec. while on the south side of the discharge
structure the speed is 4 ft. /sec. or lesg. These speedas were estimated by
noting the time of passage of foam marks through the grating at the top of
the discharge structure.

The jet formed by the digscharge structure is a poorly defined two-
dimensional flow field which initially follows the ietty seaward. On the

south side of the discharge structure an oddy is formed,

4-2
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Observations on the 15th and 16th of september 1971, with K-1 and
¥-2 on-line as compared with observations on the 14th with K-1, K-2
and K-3 on-line, indicated that an increased flow rate resulis in decreased
deflection so that larger dischavges produce a jet generally flowing fur-
ther southward.

Alfter the jet passes the end of the digcharge jetty, it begins to
turn southward, and it becomes associated with the Kahe Point area im -~
mediately offshore. At this time, the jet becomes even legs well defined
and large meanders and eddies appear,

The path of the discharge waters may generally be observed by
noting the increased steepness of the approaching waves as they meet
this jet. A skeifch of aress of steepened waves appears as ¥igure 13,
The location of the warm water cutflow beyond about 300 ft. from the
digcharge structure is highly variable in time and probably depends on
the local current field as well as non-linear effects associated with the
initial discharge structure itself. The association of this jet with both
the jetty and with Kahe Point suggests that Bernoulli effects as well as
perhaps the bathymetric effects are important in the early stages of the
routing of the jef, Several drogue paths appear in Figure 14,

By the time the jet has reached the Kahe Point area from 200 to
800 ft. from the discharge structure, the jet speed has slowed down
appreciably to some 50 ft, per minute. This speed appears to be suf-
ficiently low 80 that the plume does not completely disengage itself
from Kahe Point, and warm water tends fo follow the point arcund to
the scuthward. Thig effect is apparent in the thermal fields which
were measured.

As portions of the plume meander away from Kahe Point, they
begin to recurve to the northward, The reason for this northward mo-

tion is not apparvent from our studies. This drift may pe due to a2 mean

44



Beach Outline and
Station Locations from Yo%y
HLOE.C. DWGE. No.o448 )

Hevan, 22128001,
a0 Kahe, Oazhu'

7-20-71
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3007,

LU= 1007 Grid.

OUTFALL BREGION

Figure 13, Warm Water Jet Path

As viewed from outfall structure at 0800 on 14 September 1871,
The path was identified by steepening incident waves,
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BEACH OUTLINE AND
STETION LOCATIONS

FROM HE.C, DWE. NO. 448¢
REVEN, 22126001, 7207
AHD "BaAHE, sanu” 1":400

"5i00° grin.

QUTFALL REGION

FIGURE 14, DROGUE PATHS

Cne minute {ix positions are circled,

Une minute non-fix positions are barred, _

Unidentified direction changes are at 20 second {ix positions.

Times of terminal fix and drogue number are indicated,

Fixes are by theodolite at points "A" and "G".

Drogue is one gallon can at 5 ft. supported by 4 in. plastic float,
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current or geasonal effec:t or soms kind of relaxation motion from a pre-
vious condition which was not measured, Algo, bathvmetric effects in
combipation with characteristics of Kahe Point may be responsible for
this motion of the iet. In general, the hot water plume, particulariy at

lower temperatures, appears to be bifurcated,

C. Dynamics

The results of the present study suggest that the thermal field is
geparated into five regions which may he characterized by different dy=
namical halances. Thesge balances are conveniently expressed by the
Richardscon Number which is a ratio of buoyancy forces to inertial forces.
A large Richardson Number then is indicative of a stably stratified field,
while = low Richardson Number would indicate a field which ig disrupted
by instabilities. These disruptions are agsociated with vertical mixing
which reduces stratification and increases the Richardson Number further,

h

e

Conseguently, the changes in regime may be marked and abrupt.

In the present case, the general areas of the five different thermal
dynamical regimes are indicated in Figure 15, Region 1 is characterized
by intense horizontal mixing. The motions are so viclent that the temp-
erature field is essentially isothermal top to bottom. Ag the jet pasges
into Region 2, which is generally in deeper waler and has less intense
motions, the mixing is primarily in the vertical direction. Ag the plume
continues outward, the turbulent motions are continually damped by the
effects of viscosity, and the motion becomes gufficienily gentle so that
the warm water begins to rise due to the effects of buovancy and a siably
stratified regime results, Since the plume at this stage ig initially stable
and the motions are still dying, Region 3 forms a rather extensive area.
Considerable cooling of the water in the plume occurs n this region be-
cause of the congequent amount of time that the waler resides in this

e

general ares. This cooling eventually results in sufficiently lowered
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Figure 15 15-16 September 1971
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surface water temperatures such that the density gradients are small
encugh once again to initiate a Richardson Number class of instability
where vertical mixing becomes important. The mixing velocities here
are ambient, wind-, wave- and current-induced,

The region of renewed vertical mixing is Region 4. Region 4 ex-
tends outward from the site until virtually all of the excess heat has been
dissipated into the atmosphere in space. While the ternperatures in
Region 4 are v low, the area is sufficiently large such that most of the
heat introduced %35 the Kzhe Generating Station is dissipated in Region 4,

It is noteworthy that the rate of heat dissipation depends on the
temperature and the surface area but does not depend on the depth of the

eated field,

The last thermal region which was obgerved, Hegion 5, occurs in
the nearshore area and is a region where the local turbulence introduced
by the breaking of the waves near shore is suificiently great to reduce the
fiichardson Number to a level where mixing results, Very near shore,
this mixing is so intense as to produce a nearly isothermal water column,

The different regions are indicated by the depths of thermocline
which are plotted for 14 September and 16 September in Figures 18 and 17,
As noted before, Region ! is isothermal., In these figures, however, the
bottom depths were used as thermocline depth for this case, In Region 2,
the vertical mixing is intense, and the thermocline is quite deep but exisis,
Region 3 is stable in the vertical direction, and a shallow thermoeciine is
observed, In this region, mixing is primarily herizontal., Region 4 has
an increasing thermocline depth, and eventually this depth will reach
the ambient thermocline depth of 200 or more feet, Hegion 5 joins Re-
gions 1, 2, and 4 and is, again, a region of very deep thermocline or

perhaps isothermal profile,
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The exact size snd configuration of these regions which occur at
any given time is determined by several factors which interact. Incresased
energy levels agsociated with intense winds or increased wave activity will
reduce Reglon 3 and at the same time extend Hegions 4 and 5. A more
detailed analysis of the dynamics of the thermocline regime appears in

Appendix O,

D. DMeasurement Technigues

since the important scales of the thermal field at Kahe vary greatly
with the distance from the discharge, different approaches are required fo
meagure the thermal structure of the different areas. The large-scale
thermal field was deduced from stationmeassurements which were conducted
from a small boat., Temperafure measurements were taken at various
depths for each of several stations., A Yellow Springs Instrument, Model
54, Oxygen Temperaiure Probe with & 50 ft. lead was used for these tempera-
fture measurements. The probe was lowered to a desired depth, and after
sufficient time had elapsed, for eguilibration, a measurement was read
and recorded. The Y51 meter was zeroed and scale checked at frequent

£

intervals. It was siso calibraled against the 0.5 degree F graduated mer-
cury thermometer. The large-gcale thermal field was measured af two
different tidal stages; on the l4th, messurements were tsken in the after-
noon near high tide, and on the 15th and 16th, measurements were taken
in the morning, near low tide. Since measurements were required at one
tidal stoge and at a given ambient temperature, it was necessary (o per-
form a8 many stations as possible within & very limited amount of time,
preierably less than two hours. This condition limited the numbers of |
stations which could be run during one measurement period, The maxi-

mum number of stations that was allowable wasg determined to be about 50.

accurately from the boat, Consequently, a different technigue was adoptad,

P
B
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In this case, a Lagrangian approach seemed to be preferable. A buocy with
g drogue at 3 ft. depth was released into the discharge and tracked at 20-
second intervals with two theodolites at stations A and O, Two divers
entered the water with this buoy, and vertical and horizontal lemperature
profiles from the position of the buoy were made at one-minute intervals,
The divers used mercury thermometers, The horizontal and vertical
temperature measurements were sufficiently closely spaced to provide
calculations of the near-shore temperature field as well as diffugivity co-

eificients for the discharge,

E. Mezsured and Predicted Flelds

Both intake and discharge temperalures have been recorded for

each unit at Kahe since commercial operations began, While these re-

o3

cords are nominally on an hourly basis rany activities have interferead

with the recording so that gaps of four or more hours are not urusual in
thege records. In addition, the records coniain disagreements in th
simultanecus intake temperatures of the different units. These differences
between K-1, K-2 and K-3 intake temperatures are up to 39F, The gsource

of these discrepancies appears to be the air contact which connects the

pencil thermometers to the condenser thermometer-tuhe. Heading errors

The station records are generally not retained ionger than a period

between minimum daily intake temperature and maximum v daily intake

1 =

temperature, Thege plots are available

J¥es
§
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and 1965, and for each day in 1971 {through August). From these figures,
the minimum daily intake temperature and maximum dally intake tempera-
ture have been plotted in F igire 18. In addition, the average minimum
daily infake temperature curve is drawn. From this figure, it ig seen
that the minimum average yearly intake temperature occurs in the early

- ¥ .

part of March and, typically, is ahout 7505, The maximum yearly intake
temperature generally occurs in the first part of September and is about
819F. The diurnal variations are on the arder of 2°F,

Minimum intake temperatures normally occur about 0400, and the
daily maxima ocecur about 1600, Diurnal variations in excess of about 20F
in intake femperature are indicative of s wri~term recivculation,

Mr. Atnip algo recorded the general wind conditiong which were
prevalent al the various times of the 1571 yesr, and these are clearly

assoclated with certain of the shenomena on record. In particular, it is

1871, Hona winds were responsible for persistent
this period, the maximum recorded intake tempera-
ture, S0YF, was recorded. This core esponds lo about 129 of recireulation,
ual temperature st a given point is the ambient temperature

i34

plus "excess temperature”. Thus, “excess termperature’ is defined as

e

e temperature above ambient, Ambient temperature at a location and

time is the temperature which would sceur if the power plant were not

Trade Wind conditi
Relgtive to the typical year, it is seen that the fall and summer of

871 are cooler than usual by about 3°F,
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The present intensive field effort ccocurring in mid-September was
accomplished during rather unusual metecrological conditions, with near
calm conditions or a weak Kona. 7This was a fortunate occurrence since the
calm conditions are favorable for the scaling of other environmental condi-

ticns.

¥, large Scale Temperaturs Studies

The basic oceanographic studies for this period of investigation
were conducted in the morning of 15 September 1971, The duration of the
study was approximately two hours. The gtudy commenced at about 0830
and concluded at about 1030, At the beginning of the study, there were es-
sentially no locally generated waves, although a low twelve-second swell

from the west was cbserved, and this built to approximately four-foot

breakers. At 1035, a one-mile-per-hour wind was reported from the south,

At this time, the wel bulb temperature reading was 73. 3; the dry bulb read-
ing, 72,9, High tide at Honolulu was at 0142, the next low tide at 0648;
the next following high tide was at 1400, This set of measuremenis, then,
occurred following low waler, Forty-five stations are reported; however,
there were two additional stations cut of the survey area, and two stations
were repeated as 3 check. The 15th of September was approximately 3°
colder than on adjacent days, and no temperature correction was required.
The resulis of this siudy appear in Pigures 18 through 24.

At the time of this study, units K-1, and K-2 were on line; how-
ever, K-3 was shut down,

From the surface isctherms, Figure 20, it may be seen that the jet
and plume were intimately associated with the Kahe Point area and only
weakly separated from Kahe Point. The far field plume generally was
drifting to the north. From speed calculations which wiil be described in

Appendix F, it appears that the drift gpeed is approximately 0.3 fi. /sec,

4-14
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The penetration of the 84° isotherm is approximately 300 ft. off Kahe
Point or close to 500-600 ft. from the discharge. The 82° isotherm ex-
tends about 400 ft. further seaward on the surface. The 80° isotherms
extend another approximately 1000 ft. seaward. The ambient tempera-
ture appeared to be about 78°F, No recirculation is apparent,

The effect of Repgion 5 is apparent in the 29 contours in Figure 21,

By 7 ft. depth, the effect of the plume is restricted to an area ap-
proximately 700 ft, off Kahe Point.

By 12 ff,, the large scale effects of the thermal discharge have all
but digappeared,

Un 16 September, a more detailed large scale temperature study
was conducted. From 0740 to approximately 1030, 63 stations were run.
The 16th of September was slightly warmer than the 15th., The dry buib
temperature at 1108 being 80.8° {wet bulb 74, 1}, consequently, there was
svme additional heating of the sea surface. At 1105, station 3 was re-
vigsited: at this time the temperature to a depth of 4 ft, was 80, 40 F, a
rise of 1.2° F in three and one-half hours. Since this station was ap-
parently outside of the thermal field from Kahe Plant, it was sssumed
that the temperature rise was due fo natural heating, and a correction of
~0.4% F per hour wasa applied to all of the temperaiure readings. The
maximum correction then is about -1,2° ¥, this correction being applied to
the final station, number 61. (Figures 25 through 31 show the findings of
this study.}

To be certain that the increased temperatures on the northern part
of the survey were not due o an extension of the plume into this area, the
survey was continued out seaward from stations 53 through 57; the furthest
station was approximately at grid location D-17. At this point, the surface
temperature was 80, 4° ', Also, stations were run further to the north,
Station 83 was occupied very near Nanakuli Beach. The surface fempera-
ture there was 80, 6% F,

A southerly wind arpse at about 1005 during the study.

4-23
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Unita K-1 and K-2 were on line on the 16th of September.

ftigh tide at Honolulu occurred at 0218, low tide is 0742, and the
following high tide at 1430 on the 16th. Thus, the thermal study was con-
ducted following tow water.

Most of the general features which appear on these figures aro seen
to be very similar to the features of the day before, Two new features,
however, do appear, On the southern side of the field, s warm body of
water is seen. This body of water generally is of greater extent at greater
depths, indicating a slightly higher salinity for this body of water. The
higher salinity suggests that this is & warm body of water which may have
undergone evaporation at the surface of the ocean. Near the 8-ft. depth,
it is seen that this warm body of water nearly connects with the warm
water which is mixed downward in Hegion 5. Perhaps, there is a physical
connection which would indicate that Region 5 is the source of this apparently
off-shore body of warm water, At most depths @ body of cool water ap-
pears about 1, 000 ft. off the intake; the surface temperatures of this body
are about 3078, The source of this small pocket i3 not known; however,
it is suggested that this is 2 small eddy which has migrated into the other-
wise warm temperature field,

On the 14th of September, another study was conducted {Figures 32
to 35). Thirty-five stations were run between 1230 and 1430, The Drevious
tow tide at Honolulu occurred at 0548, high tide at 1318, and the next low
tide at 2136, Thus, this thermal field was measured at nearly high-tide
level, In the morning of the 14th, a U-second swell arrived from the west
with a l4-second ground gwell from the west-southwest., These swells com-
bined to form about 6-1t, surf. The wet bulb temperature at this time was
T0.2° I inland about 100 ft., with 79, 29F for the dry bulb regding., On the
jeity, immediately to the north of the outfall, the wet bulb reading was

10,89 17, while the dry bulb reading was 84, 67 F,
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Weather was fair as on the previous days, and the temperature correction

f-0.47F per hour was applied to these stations as with the stations on

et

September 16, 1o reduce the data to the start time,

Un the 14th, units K-1, K-2 and K-3 wereo on line, The offcet of
this increased discharge is apparent in the near field, und particularly the
80° contour is seen {0 oxtend somewhat farther secawa rd, approximately
600 ft. off Kahe PPoint, Other features are not dissimilar to those which
have already been described.

Sections across the temperature field of 16 Septembar appear in

Figures 37 through 42. The section locations are seen in Figure 36,

G. Small Scale Temperature Fields

Temperatures were measured at surface, 2-ft, and 6 -1, depths with
a mercury thermometer by a diver who followed a drogue float, Two runs
were made from 1200 to 1216 and from 1250 to 1317 on 18 Septomber,
These drogue-tracks appear with other drogue tracks in Figure 14. Sur-
face, 2-ft., and bottom temperature contours appear in Figures 45 throuph
43, The sharp interface between the heated plume and surrounding water
was particularly evident on the northern side of the plume.

In the area covered by this study, the very striking temperature dif-
ferences within small areas were particularly noticeable., Temperature
variations of as much a8 5°F within horizontal distances of perhaps 10-f1,
were chserved cccasionally., Small scale mixing was obviously vielent as
the drogue would appear to shimmer as with a mirage from within a few

feet away.

In general, this procedure provides good resclution of very large
fernpersture veriations within small distances. More extensive Lagrangian
drogue studies are planned in the future. 14 is anticipated fhat these studies
will provide sufficient information for an adequate evaluation of the near
thermal field under several environmental condifions.
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H. Time Ser:es Analysis

On the 17th of September, Station #51 was occuplied at the Iocation
shown in Figure 46. At this station, temperature readings were made
every 30 seconds. The first set of measurements was taken at 1-ft, denth
and ran from 1148 to 1222, The second set of measurements was taken at
a depth of sbout 9-1/2 ft. in 10 ft. of water, and this set ran from 1224 to
1230, The final set of measurements wag made 2i a depth of 5 ., and
this set ran from 1232 through 1300, The horizonial scale of these fluc-
tuations may be estimated from the estimated drift of a weighted float which
drifted southwest about 50 ft. in three minutes and about 300 ft. in 15 min-
utes, I¥rom these estimates, it appears that the thermal field fluctustions
have lateral scales of from 10 to perhaps 50 ft, On this basis, a horizontal
scale of 10 ft, was selected for the diffugivity measurements which are

described below. The temperature fluctuations are plotted in Figure 47.

Lo Diffusivity

The effective or eddy diffusivity coefficients may be calculated from
the relation:

dT/dt = D AR T,

provided the other heat loss ferms are negligible, where T is temperature,

0 is the diffusivity coelficient, and » v and z arc the axial, transversze and
veritical axes. The axnisl temperatures were faken from the time record
assuming a steady sfate {ield., Transverse measurements were obtained
from a diver resding surface temperatures in a direction perpendicular to

the jet motion at two 10-ft, intervals. Temperatures were recorded at the

ice float, at 2-ft. depth, and at 6-ft, depth., Details of the computaiions

of the x, y and z diffusivity coefficients appear in Appendix G, The necps-

st

sity of using the axial-elapsed-time, temperature record for the estimate o
axial field curvature introduces a random error, the mean of which s prob-~

ably zero,
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J. Predicted Fields

Predictions for thermal field under various conditions were made
for three combinations of loads. These combinations are K-1 and -2,
K-1, -2, and -3, and K~1, -2, -3, and ~4. The discharge rates for these
units and the femperatures shove the intake temperature are indicated in
Table 1. The discharge rates and excess femperatures of the varicus
combinations are shown below, in Table 2, The K-1, -2, ~3 combination

ig developed from interpolations between the other two conditions.

TABLE 2

UNIT COMBINATION DISCHARGES

Cutfall Excess

K-Units Diascharge Rate (gpm) Temperature (°F)
g

1, 2 1,48 v 14 10,5
5

1, 02, 32, 4 Z2.98 ¢ 10 0.3

In the following analyses, it is asgsumed that all of the ocutfall tem-
peratures are 10.0° above the intake temperature, It is further assumed
that the discharge speed at the ouifsll is constant for the three loading con-
ditions and that the depth of the discharge ig the same. This implies that
the width of the discharge is proportional to the discharge rate,

Clearly, there are many possible configurations of outfall that
might be considered, although st present assumptions describe an outfall
which might be considered as intermediate between a case corresponding
to simply increased flow through the present discharge to an outfall arrange-
ment providing well-defined two-dimengional jet discharges directed well

away from Kahe Point,



Temperature contours for the 14th, 15th, and 16th of September
were smoothed and combined o form a general prediction of the thermal
field for unitg 1 and 2 at the depths of 1 f1., 2 ff., and 4 £, The data were
combined as indicated in Figures 48 through 50 to form bottom tempera-
ture predictions for the obgerved condifion; that iz, the weak Kona or calm
condition {(Figure 50}, Preliminary predictions of thermal fields for two
other conditions were also prepared,

The first prediction represents a typical Northeast Tradewind con-
dition. About 26% of all recorded winds at Barbers Point, nearby, occur
from north-northeast, northeast, or east-northeagt and lie in the 7-10 mile
per hour bracket. Over half of the winds come from the northeast quadrant,
The typical tradewind condition, then, is taken to be northeast at 8 knots.
According to the calculations of Appendix D, this wind results in a current
of about 0. 37 ft. per second, setting fo the direction of 255%. With this
current, some upwelling near shore would be expected, and s bottom cur-
rent directed toward the shore might alsc be anticipated.

Since it is apparent {Figure 18} that Kona conditiong resulf in severe
recirculation, a strong Kona wind was alsc selected for study. According
to Reference 1, a Z4-knot wind at gbout 1809 ig typical of the worst hour or
two condition that might be expected in a given year (see Appendix A)., This
wind ig expected to produce breaking waves of a height of 8.4 ft, which
break at about 11 fi. of depth. The Kona winds, then, are expected to
produce surface drift on the order of 1.1 ft. per second setliing to about
709, This current will introduce an alongshore current flowing to the norih
and at the same time will infroduce some downwelling in the vicinity of the
shore, The alongshore current ig agsumed to have a speed of about 2 ft,
per second.

From the drogue studies, the mean particle speed in the plume was
derived for the K-1 and 2 unit discharge. According to the speed eguation,
the discharge speeds for the other two ratesg of discharge were then cal-

culated, Appendix ¥,
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The K-1 through 3 snd K-1 through 4 digcharges were scaled against
the K-1, -Z unit discharges for the weak Kona condition, The exirapoclations
were based on equal area per unif heat discharge per fempersture difference
scaling, Additionally, the effects of dynamical scaling of the five regions
were included gualitatively.

For the weak Kona condition, 1 i, depth (Figures 51 and 73}, a2 plume
axis was skeiched for two of the three discharge conditions. On this axis,
the times of arrival {in seconds} from discharge to a given point are indicated.
The trangverse distance-time relationship is indicated in Appendix ¥, With
the greatly simplified current regime shown in Figure 98, the thermal field
at 1 ft. depth for the Northeast Trade Condition was estimated from a linear
combination of the velocity field of the jet indicated by Figures 51 and 75 in
combination with this velocity field, Similarly, the jet velocities of Figures
51 and 75 at 1 ft. were combined with again oversimplified velocity picture
of Figure 8¢ for the severe Kons condition. The igotherms are assumed
to be isopleths of time in this analysis. The smoothed contours for the
various discharges for both the Kona and tradewind conditions were pre-
pared in this manner. The temperature fields at greaier depths were
extrapolated from the relation between the temperature fields at these
depths under the weak Kona condition io the surface flelds at the wealk Kons
condition. In thig extrapolation, the dynamical effects of the five different
regions were considered qualitatively., However, the results cannot be
congidered to be particularly accurate, and much more information is neces-
sary for a truly realistic scaling, The resultant predictions are intended
for preliminary use only, and these predictions should be used only until
the actual measurements are made under the tradewind and severs Kona
conditions,

One other condition is of inferest, This condition occurs with
westerly to northwesterly, that is, onshore, winds, Such winds drive the

thermal field fo the south and will tend to eliminate or at least reduce the
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separation of this plume irom the shoreline. Such a shore-hugging tempera-
ture pattern combined with fairly infense nearshore mixing might have de-
trimentsl effects upon near-shore ecology, Unfortunately, the evaluation of
this field depends critically upon an accurate estimate of the near-shore
mixing which is induced by breaking of waves. This mixing will be particu-
larly difficult to estimate under these conditions. Therefore, it ig believed
that a reasonable prediction of the thermal field under northwesterly wind
conditions can be made only after a fairly detailed study under such actual
conditions. Unfortunately (or fortunately} such conditions are very rare,

and the study cannot be undertaken until such conditions exist,

The results of these analyses appear in Figures 51 through 80. The
tradewind and weak Kona conditions apparently produce similar thermal
fields. In both cases, the thermal fields appear to be those that would he
expected from avery weak jet. The Kona conditions, however, are guite
different. 1i is seen Figures 59, 69, and 79 that intense recirculstion
cccurs under the Kona conditions., This, of course, was apparent from
Figure 18. The intake and outfall temperatures are indicated for this Kena
condition, The infake temperature for units K-1 and K-2 is estimated to
be elevated 129 above ambient. The intake temperaturs for the combination
of units 1 through 4 is estimated to be 14° above ambient. It ig interesting
that in the 1871 record the maximum elevation of intake temperature which
cceurs in mid-January is about 13°; this is with units K-1 through ¥-3 on

line,
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V. BIOLOGICAL IMPACT

The relationship between the Kshe Power Plant and the marine
biota was studied from the following aspects: (a} the effect upon the
biota of passing through the condensers of the power plant; (b} the
effect of the discharged waters upon the adjacent coral reefs: and
{c} the effect on the fish fauna of the adjacent area. The nearshore
waters around Kahe Point and to the north have been in the past, and
are today, a major recreational ares for the Hawaiian people. Not
only are these waters used for surfing and swimming, but the fauna
they contain is heavily fished, and shells and other reef organisms are
collected. No changes in the fauna and flora have been obvious during
the last seven or eight years. Except for immediately within the dis-

charge plume, no appreciable change has taken place in the reef,

A, Plankton Investigation

A cursory gtudy of the plankton was made by sampling the intake
and discharge waters using a plankton nef with mesh size of about ¢, 076
millimeters. Such 2 net will collect the majority of the microplankion:
however, the nanoplankion (5 to 80 microng}, which includes many
gmall diatoms, dinoflagellates, coceolithophores, and pretozoans, will
not be refained,

The plankton samples collected at the intake and outfall aresas
were analyzed to determine what organisms were present in order to
get a relative estimate of their abundance and to compare the intake and
discharge populations to see if there is any damage mechanically as the
animals and planis are passed through the condensers. The following

species were identified at the intake:

G-



ANIMALS PLANTS

Copepods Blue green algse
Ir ture gastropods , .
mature ‘gés rop 5 Calothrix
Immature bivalve moeliusks e e
Green aigas

Chiorslls

Diatoms
Navicula
Nitzschia

Pleurosigma

Copepods made up the majority of the biomassg. No coral planulae larvae
were found., Some of the diatoms lacked pigments and were, therefore,
congidered dead,

The outfall sample wag difficult to analyze because of the very large
amount of sand collected in the samples. This sand apparently passes
through the cooling system much of the fime, This sand acts ag an ahrasive
and reduces the amount of fouling withia the cooling system so that large-
scale reversing of the flow or other chemical methods of controlling fouling
are not used in the Kahe Plant,

The following species identified af the outfall:

ANIMALS PLANTS
Copepods Diatom
Immature gastropods Biddalphia
Dinoflagellate
Ceratium

Hed Algae

Palveiphonia

(33
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Observations of the plankton samples mmediately after removal
from the effluent water showed many planktonic crugtaceans, in this case
copepods, actively swimming, After fixing the organisms in formalin,
they were examined under a compound microscope, Copepods formed the
bulk of the biocmass. No damage to the copepods was evident, Biddulphia,
Ceratium and some unidentified centric diatoms were the only phytoplankton

observed; Polysiphonia is a filamentous benthic algae. Normal chains of

Biddulphia were present, indicating that this species was not physically
damaged. There were individual cells of all three phytoplankton species
with and without intact chloroplasts,

It may be concluded from these observaticns at the Kahe Plant that

copepods, filamentous diatoms (Biddulphia} and the dinoflagellate Ceratium

are able to pass through the cooling system without any apparent physical
damage.

In conjunction with the plankion investigations, oxygen determina-
tions were made. A YSI Model 52 oxygen meter with an in situ probe was
uged to obtain this measurement. Continuous readings were made across
the front of the intake to a depth of about 1 m. Afternoon messurements
during the high tide gave oxygen readings of 6. 2-6. 4 mg/y with sea tem-
peratures about Z7C (80, 6F}. These values were slightly below saturation
for that temperature (6.5 mg/g). Early morning measurements the follow-
ing day at low tide gave readings of 6.1 to 6.2 mg/y at 26C (78. 8F), How-
ever, along the sides of the intake area the digsolved ORYgen was measured
at 8,6 mg/g at 26C.

The slightly higher dissolved oxygen values in the afternoon were
most likely due to photosynthetic activity of the phytoplankton during the
day. There is no apparent explanation for the relatively high oxygen values

along the sides of the inteke. Oxygen saturation at 26C is 6,6 mg/2.



Oxzygen measurements were made at both high and low tide levels
in the {ollowing areas around the outfall: {1} at the surface above the
cutfall pipe, {2} in the effluent pipe proper, and {3} 25 ft. off the end
of the outfall,

The dissolved oxygen content at the surface of the outfall at high
tide ranged from 6.0 to 6.2 mg/s with an average of slightly more than
6.1 mg/s. Water temperatures in this area ranged 31 to 32.5C (87.8 -
20,5 F). Although the total amount of dissolved oxygen is slightly less
than at the intake, the water is supersaturated with oxygen at these higher
temperatures.

In summary, surface water near the intake was found to be nearly
saturated, while water at the outfall and in the immediate area was Super-
saturated. It is apparent from this dafa that organisms near the Kahe

Plant are not affected by the lack of dissclved oxygen.

B. Corsl Reel Investigation

A diving survey of the region near the Kahe Plant was undertaken
to determine any possible damage to adjacent coral reefs which might be
attributable to that plant. Over a three-day period (Qctoher 13-15, 1671}
64 staticns were occupied, and visual observations made on the percent-
age of living coral reef present on the ancient reef, the percentages of

the dominant coral species Pocillopora meandrina var. nobilis and Porites

lobata, and the percentage of living recent Pocillopora, The fish of the
area were algo observed and temperatures recorded.

Figure 81 shows the location of these stations. The biclogical
observations made at these stations are summarized in Table 3. The
blank spaces in thigs Table represent stations for which only temperature
observations were collected, Thus, blological data were generated for

only 41 of the stations occupied,
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TABLE 3

Percentages of Recent Coral Coverage of the Ancient Reef and

of the Living Coral Pocillopora Observed During Diving Survey*

Station Depth/ft. % Recent Reef 7 Living Pocillopora
1 & 50 5
2z & B0 30
3 i1 30 I
4 14 75
4] 20 50 80
g 20 40
7 25 75 294
8 Z5 80 L1t
g 25 i5

10 15 30
11 g 85
iz 6 0
13 i7 coral on intake struciure
14 5 no coral
15 7 ne coral
18 g 60 30
17 12
i8 25 44 G5+
18 20 no coral
20 ig8 30
21 15 20 40
22 1z 50 50
23 & 50 30
24 & Z5
25 G 8
256 5 O
27 5 &
28 on rock jeity

2 0
2g on rock jelty

3 4
30 en discharge structure 0
31 5 85 5
32 5
33 7 ag 20
34 12 80 Ht

#* Percentage data were not collected at each station since some siations re-
present biotomes or a station where only temperature data were collected,
These stations ave represented by blank spaces,
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TABLE 3 {Continued}

Station Depth/ft, % Recent Reef % Living Pocillopora
35 - 20 50 85
36 g 3
3% 8 75 {
38 g 14 50
39 5 g6 40
40 8 no coral none pregent
41 10 80 ol
42 12 80 Gh
43 12
44 & 80 T
45 iz 75 85
46 5 75 0
47 6 g0 g
48 1% 80 894
48 7 a0 50
50 5 85 51
51 8 50 10
52 5 54 30
53 & 70 56
HES ig g0 B4
55 i7 560 84
56 i7 50 95
57 ig 840 g5
58 ] 50 3
39 i¢ s 50
&80 15 20 75
61 is 80 20
82 & 75 50
683
64

[t
§
ol



Figure 82 presents a plot of the line nearshore of which more than
50% of the head-forming coral Focillopora has died, 'This area is repre-
sented by stippling. The ares delineated by diagonal lines represents that
area to which recent coral deaths can be directly attributed to the Kahe
FPlant. This area extends out approximately 500 ft. from the discharge
structure and roughly represents Regions 2 and 5 discussed in Section 4C
of this report.

It s quite evident when swimming in temperature Regions 2 and 5
that Pocillopora is adversely affected by the increased heat and/or turbid ity.
In this area the heads are mostly dead and tend to take on a whitish or
bluish color instead of the more normal brownish color {Figure 83, photo-
graphs 1 and 2). These coral heads apparently have died very recently
since no erosion or loss of structure has occurred and there was little
algae cover,

In contrast to thoge corals which have died as an apparent resulf of
the Kahe Plant's discharge plume, cther dead FPocillopera occur in this area
(Figure 84, photographs 3 and 4}. These heads are rounded and covered
with algae, apparently having died several years 2go as a single kill, or

more probably several kills, The older dead Pocillepora is not at 2ll limited

to the immediate region of the discharge plume. It extends well south of the
Kahe Plant to off Barbers Point and north of the plant o Keena Point. It

is highly unlikely that this coral could have died due to the Kahe Plant's
discharge since (1) the area that is dead extends north for such a iong dis-
tance, and it is improbable that Kona conditions with intense mixing could
drive warm water that far north; (2} the area of dead coral is primarily
limited to Zone II and does not widen as one would expect when warm water
moves away from a digcharge point; and (3) the Zone 1T reefs adjacent to

the Kahe Plant, which is out of the direct influence of the discharge plume
{i.e., not in Regions 1, 2, and 5}, has more living heads of Pocillopora

than many areas north and south of the plant,

o
)
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Figure 82, Percentages of dead Pocillopora. Stippled area represents area containin
oider dead heads of Pocillopora, the diagonal lined area that of recent damage.
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Figure 85 is an aerial view of the Kahe Plant’s outfall and adiacent
coral reefg. The location éf uﬁéerwater photographs which follow ag Fig-
ures 83 through 88 are also indicated in this Figure. Photographs 5 and &
{Figure 88) are of particular interest in that they show some of the Pocil-
lopora heads with dead tips. Many of the heads located on the discharge
side of reefs under the direct thermal influence of the plume had dead tips,
while lower in the heads the polyps were alive. The area where this oc-
curred was primarily limited to the northern edge of the sand channel ex-
tending out from the discharge plume and also that area immediately sea-
ward (200 ft.) of the area of heavy Pocillopora kill,

Photograph 8 (Figure 87) shows a large head of Porites with num-
erous heads of Pocillopora in the background, Porites showéd little effect
from the Kahe Plant discharge. [t appeared affected only in those areas
direcﬂy washed with discharge water, and even then kills were of low per-
centage. Porites, therefore, seems to be a more temperature tolerant

coral than Pocillopora. Porites was also found to make up more than 90%

of the living corzal on many of the reefs to the far north and south of the
Kahe Plant.

Photograph 8 (Figure 87) and Photograph 9 (Figure 88) show a
typically heslthy reef with abundant live coreal covér and numerous reef
fish. {(Photograph 7 {Figure 87) shows a healthy reef of Zone II intermingled
with old dead Pocillopora heads.
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C. Fish Investigations

The digcharge plume near the outfall is extremely turbuleni, and
no fish are found in this main axis of plume; however, immediately sd-
jacent to this plume several species of figh can be found, Several specieg
of butterfly fishes, Moorish idols, angel fish, tangs and damsel fish can
be found in moderate numbers in crevices between the rocks on the out-
fall jetty. At the seaward end of the outfall jetly, fish are more numer-
ous than along the discharge side of the jetty.

In the area of Pocillopora kill directly atiributable to the discharge
the fish fauna was impoverished. Tangs, parrot fishes, and angels were
observed at several stations within this area; however, the number of
fish in this area was noticeably less than on adjacent healthy reefs.

The intake basin and structure presented an almost entirely dif-
ferent picture with regard to the fish than that of the discharge. Fish
were plentiful, and the diversity was high. Large schools of the bigeve

scad (Trachurops crumenophthalmus) were present in the sand ares

shoreward of the gill in the intake basin., Also goatfigh {Mulloidichthys

gamoensis) were sbundant in this region ag well as around the rocks of
the jetty and the intake structure. The intake structure provided refuge
for numerous species of fishes, including angel fish, tangs, Moorish
idols, squirrel fish, and trumpet fish,

Zone I was almost devold of fishes since this sand srea is par-
ticularly turbulent and inhospitable. Schools of fishes such as bigeve
gcads and other surf fish were oceasionaily ohserved., Typical Zone I

fishes were not observed within the discharge bagin,



VI, CONCLUSIONS

1. Comparison of oceanographic surveys made in 1963-1064 and
again in 1971 show that no appreciable changes have taken place in the
bottom conditions off Kahe during the eight-year interval. Not only at
Kahe but south to Barbers Point and north to Kaena Point, three geomor-

phological zones can be discriminated,

Zone It Nearshove and to about 5 ft. water depth, the
ancient {Pleistocene) reef is exposed as 2
truncated surface devoid of most corals and
other obvicus life juxtapositioned with sand
channels and sand flate, The characteris-
tics of this zone are dependent upon the in-
tense surf action and sedimentological scour-
ing that occur annually; few biotic forms can
endure this severe environment. In some
areas io the north, this ancient reef is e
placed by a lava substratum,

Zone II: From approximately 5 ft. water depth to a
variable depth of 10 to 20 ft., varicus corals
and associated reef fauna and flora are able
to exist., Geomorphologically this zone con-
sists of incised sand channels separated by
elevated coral ridges, The reef on the sides
of the channelg and on the lower elevations
contain up to 90% dead recent coral, mainly
Pocillopora. Nowhere on leeward Oahu is
this zone stable, but rather, it represents g
balance between periods of normal growth
equated to less catastrophic DCeanographic
conditions, and death of the major organisms
during the periods of intense Kona and other
metecrological conditions responsible for in-
tenge wave forces, turbidity, and subsequent
sedimentations,

At a variabie depth in the range of 12 to 20 ft,,
and restricted in many cases to coral head
protuberances above the bottom of 10 to 15

ft.. & zone of actively growing reef can be
found off Kahe and other aress areas on lee-
ward Oahu, This zone containg reef growing
above or beyond the major sed imentological
influences.
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2. To confirm the universal occurrence along leeward Gahu of an
extensive zone of coral kill (Zone 11}, seven biclogical transects were run:
{1} Barbers Point, {2} Refinery, (3) Kokio Park, (4) Maili Park, {5) Mauna-
Lahilahi, (B} Keaau Park, and (7) Kaena Point, Along each transect, divers
made visual counts of guantifative species kills from the ghoreline ocut to
about 1500 ft. offshore. At all transscts in depths between 8 and 20 £, 2
massive kill of Pocillopora was recorded. The dens ity of coral heads
killed was approximately the same from Barbers Point to Kaena Point, but

north of Makaha Valley live Pocillopora was more abundant,

3. Extending along the discharge plume axis in an area of approxim -
ately one-half acre at distances between 100 and 500 ft. from the discharge

structure, the reef-building coral Pocillepora mesandring has been damaged,

The damage has been recent and most probably is associated with the in-
creased temperatures and turbidities resuliing from the addition of Kahe

Unit #3 in Qctober 1970, In the same area, colonies of Porites Iohata and

other corals have not been affected appreciably., For approximately 200 fi,
beyond the area of pronocunced Pocillopora damage, slight damage to the
tips of the Pocillopora colonies can be chserved,

it is obvious that the effect of the Kahe Generating Plant on the
adjacent benthic reef fauna has not resulied in an ecological shift of the
magnitude of that produced in Kaneche Bay as a result of urbanization

{Banner 1970},

4. Plankton hauls were made in the intake and discharge waters,
Copepods, immature gastropods, immature bivalve mollusks, green and
blue-green algae and diatoms were the dominant organisms,

Comparison of the intake and discharge hauls showed that fila-
mentous algae, small jelly-fish and other delicate organisms pass through
the condensers of the Kahe Power Station without observable mechanical

injury. No evidence could be found thal the raiging of the water temperature



across the condensers to 117 F above ambient temperature had an adverse

effect upon the biota passing through those condensers.

5. Surface waters near the intake structures were found to be nearly

saturated with dissolved oxygen (6.2-6.4 mg/g at 80.6° F), which is the
normal cceanic condition for the Hawalian area, As the intake walers are
heated within the condensers, the solubility of dissclved oxygen decreases.
Measgurements taken imamediately at the discharge structure show that the
discharge waters emerging from the Kahe Power Station are highly super-
saturated with dissclved oxygen (6.1 mg/y at 87.8° - 90, 50 F) although the
total amount of dissolved oxygen is slightly less than at the intake. Fur-
ther aeration of the discharge waters takes place as the water proceeds
away from the discharge structure due to surface turbulence. It is ap-
parent that the normal distribution of dissolved oxygen at Kahe is not ap-
preciably affected by the Kahe Power Station and that the organisms at

Kahe are not deprived of oxygen due to the discharge of the heated effiuent,

6. The discharge water from the Kahe Power Station has an effect
upon the fish fauna. in the immediate area of the discharge structure, and
for several hundred feet along the plume axis, only a few fish were ob-
served. Fish are abundant within the intake basin and around the intske
structure. Large schools of big-eyed scad, butterfly fish and others use
the intake grill as a haven.

Except for the area within approximately 500 ff. of the dis-
charge structure, as described sbove, the fishes of Kahe are diverse and
the populations large. The largest fish populations are found in Zone I71.
The fishes found here are: wrasses, triggerfish, parrot figh, surgeon
fish or tangs, squirrel fish, hawk figh, goaifish, etc. Several kinds of

scads and jacks are also present,



7. Under zevere Kona conditions, the plant experiences congider-
able recirculation, and the cutfall is expected to rise as much ag 2397
above ambient, Under thege conditions, vertical mixing and botiom tem-
peratures are increaged. This severe Kona condition corresponds, ap-

proximately, to the highest yvearly, hourly femperatures.

8. Northwesterly winds will drive the warm plume scuthward and
along shore, An estimation of the temperature field under these conditions
requires additional field study. No appreciable recirculation will cccur,
Wave-induced mixing (in Region 5) will generally produce the highest near-
shore bottom temperatures south of Kahe Point under these conditions.

Northwesterly winds are very rare at Kahe.

9. The sill between the inlet jetties induces vertical mixing under
breaking wave conditions. 7This mixing near the intake provides a neces-
sary condition for the rather intense recireulation which occurs under Kona

conditions,

10. The warm water plume at Kahe i8 composed of five dynamical
regions of mixing, The waler passes from a vertically homogeneous region
{1}, to a reglon (2) of rapid vertical diffusion of heat, ic a region {3} of
stable vertical stratification and "unmixing”, to an ultimate digsipation
region {4) where vertical mixing again occurs, The last region (5) is
characterized by near-shere, wave-driven, vertical diffusion. Ocean bot-
tom femperatures may be reduced by limiting the extent of Regions 1 and 2
and by maintaining the discharge clear of Region 5. The ares encompassed
by the live regions is variable and depends on discharge temperature,
velocity and volume, on wind and wave induced turbulence, and on the
general circulation pattern. At present, the discharge jet is not designed
50 as to limit the areal extent of regions 1 and 2. The jet also impinges

on Region 5 at Kahe Point,



11. Conclusions related to a Zone of Mixing:

8.

The surface temperature rise i8 not sxpecied to
be greater than 1, 5°F beyond a radius of 3500 ft.
from the discharge structure when ¥-1, K-Z, an
¥-3 are in operation.

The surface temperature rise is not expected to
be greater than 1. 5% beyond a radius of 4000 ft.
from the discharge sfructure when K-1, K-2,
K~3, and K-4 are in operation.

The botiom temperature rise ig normally not ex-
pecied to be greater than 1. 3% beyond a radius of
1300 ft, from the discharge structure when K-1,
K-2 and K-3 are in operation.

The bottom temperature rise is normally not ex-
pected to be greater than 1. 5°F beyond & radius
of 1800 ft. from the discharge structure when
K-1, K-2, K~3 and K~-4 are in operation.



VII, RECOMMENDATIONS

It is recommended that the Hawaiian Flectric Company continue
with its environmental impact investigations commenced in 1582-64 and
continued in 1871, Additional and more detailed measurements of the
thermal fields under more varied oceancgraphic conditions should be
made., On site experiments of the effects of these effluent flelds upon
corals and other organisms should be commenced.

The environmental impact of the Kahe Power Plant is very mod-
erate al the present time. While ocean discharge at Kahe appears to be
a preferable method for the elimination of waste heat, alternate config-
urations of both intake and digcharge siructures should be considered.
In particular the formation of a well defined iet at the ocutflow, direcied
more to the north and away from Kahe Point, will possibly remove most
of the heated water from contact with the reef areas. The technical
feasibility of construction of such a digscharge jet should be evaluaied,

It is also recommended that various methods of reducing recir-

culation, which occcurs under Kona conditions, should be investigated,



VIII. STUDY FRAMEWORK

The present study represents a continuing stage in the program of
envirenmental evaluation at Kahe, Oahu. This series of studies was begun
in 19683-1864 with the base-~line study of the general environmental condi-
tiong at Kahe. The present study emphasizes biological and physical as-
pects of the impact of the Kahe Generating Station on the immediate en-
vircnment. These environmental studies will continue for the next several
years, In this mammer, it i8 hoped that the long-term ag well as short-term
environmental impact of the Kahe Generating Station may be fully appraised.
Continuing studies or studies which are anticipated in the near future are

described below.

A. Biological Studies

1. The species composition of corals and other important members
of the local ecolegical comrmuniiy are being estimated and compared with

similar leeward reef areas on Oszhu.

2. Quantitative seasonal sampling and identification of plankton in
the Kahe area are being carried out. At the times of study, the cutfall of
the power station is sampled, and the samples viewed under compound

microscope to egtimate the immediate physical damage, if any.

3. Temperature-turbidity folerance curves for the local coral are
being determined. By the controlled movement of individual coral heads
to different temperature turbidity regimes, the morbidity and mortality
of the moved coral heads can be determined as & function of temperaturs
and the turbidity of the ambient water. In connection with these experi-
ments, it ig anticipated that in the near future settling and ecological suc-
cession experiments will be commenced on cleared areas in various parts

of the discharge plume.



4. Continuing studies are being made of the extent, cause and true

history of the kill of Pocillopora colenies in Zone II along leeward Gahu.

5. A creel census is anticipated to estimate the amount and types
of figzh caught in the Kahe ares and to compare these catches with similar

fishing areas along leeward Oahu.

B. Oceanographic Studies

i. The congtruction of a small meteorological station at Kahe is
anticipated. At this station, wet and dry bulb temperatures will be mea-

sured and recorded, and an automatic anemometer will be operated.

2. Detailed temperature surveys are being conducted under other
environmental conditions. In particular, the three-dimensional tempera-
ture field will be estimated during northeast trade conditions, severe Kona
wind conditions, and westerly and northwesterly wind conditions, Brief

salinity surveys under these conditions will also be made.

3. A program for the continuing analysis of the Kahe area for heavy

metallic lons, especially copper, has been planned.

4. A coordinated system for the collection, evaluation, and storage
of the environmental data collected at Kahe, Waiau and other Hawsaiian

Electric Company sites or proposed gites is being established.

B-2



IX, REFERENCES

123

Banner, A, H, 1968, A Freshwater "kill"” on the coral reefg of
Hawall., Hawall Institute of Marine Bi ology, Technical Re-
port Neo. 15, 29 pp.

Baunner, A, ., ard J. H. Bailey. 1570. The effects of urban
poliution upon a coral reef system, a prelimninary report,
Hawszii Institute of Marine Biology, Technical Report No,
25, 66 pp,

Bechtel Corporation, Data Book, Kahe Plant Unit No. i For
Hawalian Electric Company.

Brock, V. E., and T, K, Chamberlain, 1586, The ralagtion be -
tween sea floor topography and fish communities off Western
Oahu, Hawail., 11th Pacific Science Congress, Tokyo.

Brock, V. E., and T, K, Chamheﬁaiz}, 1968, A geclogical and
ecological reconnaissance off Western Gahu, Hawail,
prinmpaiév by means of the Research Submarine "Asherah'’,
FPacific Bci., Vol. 22, No. %, pp. 373-304.

Chamberiain, T, K. 1064, Analysis of littoral processes, Kahe,
Uahu, Report to Hawaiian Flectric Company by Marine
Advisers,

Chamberlain, T. ¥, 1%88, The oral sand budpget, Hawsziisn
¥
Islands. Pacific Sci., Vol. 22, No. 2, pp. 181-183,

Moberly, R., and 7. K, Chamberiain. 196%. Coa stal Geology of
Hawaii, Hawali Institute of Geophysics, 218 pp.

Moberly, R., and T, K, Chamberlain. 1964, Hawalian beach

7 7

tems, Hawali Institute of Ceonh sics, 177 op, with
Py H

Phillips, O, M. 18966, The dynamics of the upper ocean. Cam-
bridge,



#hoy

L&
o

{05 4007 veg-p *

B ouve

Hao 4 ww&« ﬁummmm

s,

Figure RO
A

1
b

a8uo oyl ofvems oy s oK wftmne o oBuwEmy of Lot/
SAATLT IO WOTINVSIOAUT SUL JBoy
2% 27 *Fueygn on sfuene o Burpring suorinasdo o TS 33 00%T pIYecoT sFTwyn on mmx@mxﬁ
°fun off  C-bun/ny G/ v sPuRn o efueny O | A4/T/T
QELT vag
o,
0 auoN wiETog Taeon suoranseds U0 paRLOT WOTAWAY ATV CTRABN | 66T 200
ONOOBS | waguonsy | s3sitwenw, ; HONYHD
Ip05Y ROLLYIOT LN3N4INGT O FONTYHD NOLIVIS 20 3dAd b
Tioran 40 BdAl A0 3dAl A0 2iva
NOLLYWHOANT LNFWJINDZ OGN ONV AHOLSIH NOLIYIS
it L6 Wk Tt O g%t M YA VAN SYN JIVAVH INIOS Suddivd Thede
“, % TOH O “i. YIS YIeD E] ﬁmsmwunw@.m.... ‘ IRONLIONOY ; ,,,.‘“,;e_,a, P3vive HO1IVLE PRt E]

[P



FLEOTED S WUGL SIHL SO SNOUIGT SNOINH (1um0] 57010 | rrre) SM O1EL

SNOILIONOD d3HIVIM

[ T
9TLTSYT (1® 1® o 1°¢ | 1°e 1- S1v Lo
S6EHZT  p® e 6y 6% (T* 390
L¥ZT  |ne o Zee Z ¢ 1 AN
06821 |pe o o* ge2 ge¢ o L ia0
BeHZT loe o® 71 zey m 23%
osgzr (o o= Lot A3 S v
1961 o g° g*1 g*1  lp= e
£1L2T g ge 1*% 11 |o- NI
QESZT loe o= 61 51 |o° AV e
; ! 4
91471 yog weg  iye Hdy w
Z06TT  |T1° 1 6%% B Y lpe W e
ORLYT L L gy g=h iz EEE
YHRZE e by R v g €= TIV | ONYP
80, [Noisia O anvs AONS wW%x EREIWERE 138 | 312280 | 3zg owsous | e
mﬂ_wwww wwmvamwxmm mmmmmé LMD 18 x%ﬁahw 2 xm% nw,@o v mmw&ﬁ% w%hmwmmf« mﬁ”wwz m,,ﬁazﬁEW SHMCH w NG
, i | _
SNOTAIVANISED ATNNDH W0oYd
SNOTLIGNOD ¥IHIVAM 40 30N3¥8N090 40 AJNIN03d4 397iNITuId
HimDw LUWIA AW MOIIYIY MO VLY
Y » L9-5Y SYN LIVMVY INIO4 Suduuva Giees

10832 *3 N *3TITAIHSY
AFSN oyl
MOISTAIQ 9NISS3ID0uL AVE



A o iy migianin, | Bons arantn, it st it oo

P

' BPICFLG SV WAGS FL S0 ENOILISE BRUIATEE (00 Ll oo tEen ﬁg%« B L1
EHEY Beh Obg 355 HEG BEY g9g A hEq Dy &8s FEY HEG SO WL
SL0TE S£1%2 6681 I619°T SGE"T P2 1 (WRE"L LAF°T DRI 5%T TiAC] [GLE 7 2L25F LEESE oy
LAY PREE L LTGL ¢ Gti2 | orad | TSR | (R | 7rE | €eni ) arcp | Cery | neap EE2E YW
. -
! b
i F
| ! b
=
%
| b
b
F
- w M
! S
m z
m T P
} &
! £
| e
. ] %
] -
’ | :
| £
w m %
z
2
©
b's
@
&
&
i . Y
8001 [Eagell peout 02 =
E°6& D331 07901 GO0 B¥AL L O*O0Y LU6n 59 k3
Co9h S 9t | BYES | BEODT Uo0BT 0C000 500 0°0DY 2URS | 0F8B. »°6R | Lo al m
" EG PUHC | EORL L ETED I DODOY B6S | L70b [ 6%08 L DEL | WvRE | D LT G°T1E £*61 & b
LY 5 2= 7 b s 5°98 | 9°22 16751 [ £°¢ e g ) - =
1Y ANNY perle AOM 1130 438 DV L L S #dv www GEL: MYy el dwil
[SMOILYARIS SO AHY T WOEd)
l.nﬂmmmﬂmggf FOMNIFENIOO0 40 ADNINTIES IDYINIDEIL TAILLY ITWAD
Suvis ) IWYN MOILYLE ; HOYLE
w L9614 SYN IIVAVH INIOd S¥3duye #IGEE
SIANLYYIIWAEL ATIVT TOORZ *3 °N SITTIAIHSY
C ,mﬁma vz
MOIISTAIG SNISSIINNS Yive
e e v s o s s T S st AT e o it e ot e i Sihets) b, o i it i s o oeees e oo S P

e



i AR, R Sl e, S

oA T RO o A B L YR 453 B il e s S S LA e s 45

- wree e Mol assd i, emane o vvmmne s

-y

BLIVOUVG FUV VRO B A0 SN SRSIATEE  lp sea) 5e12en ﬂw%q S Q128
THLG gug ah g Bat  ned IBRY 149G 845 GRS T0re  BELTEEE g D 1WiD;
tii ¢ €9%°E ®ET*Z REATT OUE"T 88%°1 (620°71 CJeviEEns 1L LEGF (07 aygey e
1°18 GIBL L ECIB | ECEH | RTUB | TTRE | 9FCR | prrg | 101a | GYVEL SR 0 BTEL U ERRL Y
M | w
] ] . B
u , %
! n b
o
m
: z
; m
w %
] i W
! “ u Y
i 1 Il T
-
! ; %
. u W @
¢ i W W
| z
: %
H H uN..wI
mw.m»
=
k] M
3
! 2
| 4
genai BUONE °B0T Z°020 g9 onY 59 E
E°68 B0 | Y50 SPOO0Y OO0 RS | BUE5 | BY66 A S
LA L7686 L €£°Ab | 0°O0T BCO0T] 0730 G°00T GPRDT BY6% ) BUEs L Pets |l aran | prea 5 E 1
el A PUEY L RTOU I 996 | 966 | £°h6 | GORE | LYER PETDE CITEG L I°By L 9o0g | icve ] &
A | & Rt R T EY | erYR T 9VES 121 8% L® ey ; 58 £
ik i & Q5 %
T AN 330 | AQH pinled 435 1 ony | Wy MAT AW Hay W 234 Hye [EERTTETY
SOy ASISEO ATIYG WO
TANWIXYR IDNIBINODC 40 ADNINDINS IDVINIDERL JAILYINWAD
5534 Fus HOwig FCILY LS
L5y S¥N TIVAYH INID4 SHE3duvy HIGEE
SFIANIYEIAWIL ANV TE8HZ "D ON fITTIATASY
495N fovis

HOESIAYG JNISSID08d Viva

TP N f—

[aN]
@ et
¢
5w
Bg
”.wi
oy



O

. A
el
s

AT

& et o e e

1St i, oty A Bk Faeal o gy e b Ao

", ‘o >, B
i T U S O

WAYGTEO 1Y UGS L 40 SNOIIE FAARN 05 40016 1800 T I e eqpt

WH
] BGY DY 844 GES  lmge  Tgeg e Epy Di%  BEG 9EG  lgay $EC TrALL
BHWCL DIO¥Z FELO2 WLTTZ uuRcT dguvi WETRT L2N%2 7L F £92%2 WGR"F picp ag
gr59 LG L BEG L Feyy [ gRgi U ge ey PriL L ETBY L wrin o Trgg | wegg  geon HY3W
i ; ; =
! : F
; %
| i i %
i W : Mm
: ) ; %
H w w =
| ] Z
: S
| m .
B
! =
=
: “ 2
! %
i =
; =
3 m =
H .W ]
| S
2
T
! E
| i
| E
i ; *
GEont ! B=a03 0 Ot 25 m
BYh5 HASTI R SYOUT 8766 | 070D EULG b4 s
LT L7886 1 O0°0oh po0ot BEO0T #7668 | B85 | g g5 | 95 [ 3
5506 FRLE P LTLG 1 ETSE L OV0OY OF03Y OFQO0Y 0001 BUeE | DYUA | 26E L5809 | 4569 o9 %
B*1% £REE 1 1%9% 1 0"1g ENAEENTRE N PETER L Lne et 2 h 1%E BTy 2 E
Y [ YL P Ut w 26 LFRL | 8°h w BT m i ETA =
TV NNY 330 AQM | E3G | aug Oy W MAT LYW Y B¥W L ey THYE liat "dwiag
: EMOIYALSEED ATV WO
TRANInTE - BONIEYNODO 40 ADNINDIEY 3OVINIDUES TALYIOWAD
2BV A AW N MOV MWOEYLE
L9=Giy SYN TivMyH INIOd sSu3auvy #IEER
SIANLVEIAWIL ATV TOREZ "3 *N SITVIAIASY
750 v
NTISTAIO DNISSIAIONd viva

oy

o

igure

il
i



HLRIOUES BV WSS B 40 SHOLLGR BROIATES [T §9¢1) £-0 @%@Wﬁﬁ SAL OLEL
f297ct SHOUWARISEO 40 UOWAN Tviol
g3 SR A A i 6" L% L*Ud ) €798 67%T 1 9%y
LR P B B Pl e e e D] B
TAYA
fo gy g e w e " T* 7 i AN
123 g g {r i 2 1* AN
mém %9 w.ﬂ .”Wa- M@ m.ﬂ ,N9 cm@ }}.Z%ﬂwlsi
F ¥oX 0® [ o® E” 5° ' te M
ﬂwehw nw&qw ) Mwe “WS MQ Ne W‘s N% Ué FALA
108 873 a° ar g i L £ ¥ i A4S
Qo el th G2 2 g L ¥ £ i MSS
G e N&N Qﬁ Qe Gﬁ cmt wﬂé @.m. g Mt i
Ers ir3 G g g7 | S g B i E -
B 1% g2 ar a2° 1’ 371 £01 6" e e
R Al 527 0r o e a° 3 b @ Te 53 @
E5R [ g g iz B erx 871 2% 5% 3 g,
G926 Rl T4 g B2 £ % 8% 55 LAl L Ei i
. B7H f28e 0 B 5% & LA gl B8 F L an
, Pl G293 ar it £” £ g i*9 £y g 3NN
£E*L L o 9 L w1 £ry g* M
3348 g
CIMIAR % PEE §% ~ 8y £F ¥ oy - ¥e CE - 8T [ 1N 44 SR 31 gL it O~ £ g ¥ £ {SAN]
‘ Nvaw 33945
WO LITNGY
PRI I s N $EYE3 )
Y YAHLYIM Y
HiNGn gHYRE FHYE HOLLVAS ) worLvAd
1Y ) L9~6Y SUN TIVMVM INIDd SHIZHVH Bisid

{SNOILYAYISEO ATNOH WO

Q3345 ONV NOLOINIC

GNIM 40 ADNINDIEE FOVINIDYEI

Tosae

NITSIARD

“3

TMORIATIIAIUHSY

SAvsh
FUESSAONSd Viv3

*awid



A iy

AR

BN A

Wi

SY9TETR T L 27 Loz ZBG 1°28 €86 0*00T D00t PrasT pront $WIOL
EHRZT By A W@mm Le99  li*lg B*8S&  pe00T OTL0YT DUI0T peont pElc
6LWZY DLl s R £ 19 1*58  6*gs 2U0QT BT00T PTOoT wgmum ! AUN
8BEZT L £°2 ¢*ZZ  LTo% gres ite v*mow B*05T D301 Beonl 100
£6%2Y B°H9 pe gz B ES segr Beue ngow 00T oT00T Lot 435
DBEZT B a9 e 6P przs 1*8L Zr96 sheIen 00T pT00T proot a0y
8I9EL B B A S wgwm Zegl o285 QU001 000t Dot bUooy e
CTLEY He9 Te i°%1 Wawm AR L Eh DToRT 0TGoT DUOot ngwﬁ MO
gEgal peii Weﬁ BYEY L7096 zr0e RPras D00 DCL0Y O30T Deoot AYH
PILEY BT L SR g Ed i R# v*ig Ws%@ DRG0 0TO0T 0001 LrOot Hd¥
BBRZY K L e Tl ¥4 PURG R 506 ﬁQQQM GO0t 0001 De0oT HY
O%L%1 A°€e i ® & 2*0E i B*yg LA T;m@ w@mmm oot 0 001 g3
BSBZT EUw%i 3oy E°GE 799 B9g 186 Wﬁmwﬂ 001 be0a1  peodI 1Y Ny P

ww@mz wmmmﬂwm %06 "0% AV %BOF %HO§ w %0V %0¢ %02 %A1 Mwmww Mo

IWLGE MYIW MYHL $RAVIED ALCIANH JALYIIE 40 ADMIOADTEE 3OWINITNI

[ENOILYAISEO ATHNON WOUI
AINFYENDDO 40 ADNINDIUY IOVINIDEID IALVINWAD
MING 201934 TR NOILYLS NOISYLS
1Y L9-bY SWN I1VMVI INIOd SuIHuYe Y1522
TEEE *O°N SITTIAIHSY

ALIQIWNH JALLY I3 VS0 f3¥i3

MIISTATG ONISSADOYE WIVD

Fa

s
ﬁF._



T Nt et Smon s Yo s i i

¢
T

BIETOEERG SR WROd ) 40 FNOIOE INOIATYE

Lopagep PO
oF 20l g0 RN T 1 4

H

ENOIYANISEO ANYE WORL)
NOTLVAId4ED94d
A0 ADNINDIYS 3OYINIDNIJ

SINNOWY AUYQ

108ge

AN o -
< Vﬁw 9L 0ZGTLY  [676Y G° 0T T 2Pt ST ptt 92 502 [6°% lzre lpver [Tems [waw
LT T9TG D82 BLG L 4 &7 %L 82 0TC E°% [BCE €08 E°F LEZ wcig | daw
T0% HL=TRe9 ¢ lowg Z°0z | iz i e XL ¢ O%E LTE LTE 07 j10%E Leag | aow
wuﬁmﬁuﬂgmmMMQﬁ a45% 8T i =t st @~ L%8 &€ LTg (BT¢ %°FF BT DO
zoe 5901 fzoe 1R 87 2711 e 2" g~ ET 8T e €€ (162 [Tegw | s
G3VMLS0°T LEC B85S DewT | ge e Ze [TU1 |£°Z (€% 8°f  9egz |zvzo | onv
il
(St z°1 9€° 85y 1°61 &® 5T B*T &*% €°L L [2°9Z @S B
AIVHICTCY 2 [GiLg g8 A e £® LA M@em 12 ws@mwm&m& M
A3TELIYY TL BES AR mm$ 4" 1 BT [F*1 m*y  1c¢ ﬁemmwhsm& Avw
£0° EOCRIPETY 008 9061 Skt et PtroEtE 18tz et ptw  pewz 0°gg | sy
L3T REPLIZI*E BERs " 07 & til L7 @78 WL LT ZRE 9% LT (6761 Teae | wvw
IIVHIBETS 09T 9ES @ °6Z BT 8°2 LTT ST SE [¥°v |0°8  °f |gczy gtrg | e
LT BOTHIBZTY b3S be6Z € WL B2 BT 9°E 9°€ 6°% v wow  SeBT 1°zg | ww
ciwy |G BAS ] amre | ober | e | oot vE8 t wr ¢ £ ; v | oawon | A
ASwEY BRI ) i Iy o) Sy .
MQ ROV W POE HRADY FORERE JrRLos g | pEem v a8 28 4 FEg oL L 4 FEES f R ) g FIVHL FMOM T AL
iSHONG R m&NWwﬂﬁwWﬂv COOE RAACIDO DI SO0 | DGR BEL LR ok 4 ¥iu P96 JAERE A1) ] WAwRL i) g
SINBOWY ATHINOW O e [SIHIND SINAOWY |
FRYIL Fwed widiwiy MUYLE
£9-56% S¥N LIVAYH INIJd SdIduvd L2 ST A4

3N SATUIAIMSY

4¥Sn

R

NAISIALO ONISS3IDIdg v 3

o0

7y



APPENDIX B
ASTRONOMICAL TIDES

The astronomical tides at Kahe are of the mixed kind where the
gravitational attractions of both sun and moon are important. There are
generally two times of high water (HW) and two times of low water (L W)
each day. Datumn level is based on the mean elevation of the lower of the
two low water elevations {ML.ILW). The following reference levels are
taken from Drawing No. 84234 ("Circulating Water system General Ar-

rangement’, dated 5-25-61, Job 3520 Bechtel Corporation, San Francisco):

Extreme HW {1920} + 3,05 ft,
MHHW +1.80
MLLW {datum) 0.09

Extreme LW (1811} - 1,15



APPENDIX C
REGION IDENTIFICATION

The Richardson Number J is a measure of shear stability. It is

a ratio of buoyancy forces to inertial forces:

£ 2 G
with

g = gravity

ol = density

Z = vertical direction

uy = speed

For the case of a thermal density difference in gseawater near

80°F, this equation may be approximated by

ft ) AT_L

~ X, -3

with

it

vertical temperature difference between layers

AT
L

depth of thermocline,

According to Phillips, 1966, page 179, J >—i— is a sufficient con-
dition for stability (Region #3). Thus,

X
U>0.15 (ATL)®

is the theoretical condition for Region 3. Calculations for several locations
appear in Table 4. Note that the trangition is abrupt and is accompanied
by a sudden drop gpeed. This last is apparently due to the drogne pass-

ing into the deeper layer, formed by the transition region.



TABLE 4
REGION IDENTIFICATION CALCULATIONS

{f1) (Cr (ft/min)
FTIME L T U Measured (ft/min) for region 3 Begion No.
' 1202 6 ~4,1 75 None 1
1203 i 2.3 48 13 2
1204 4 5.5 35 § 41 3
1205 2 3.5 16 93 3
1210 4 3.3 16 i 32 3
1218 4 1 g f 18 3
1252 4 8 80 44 .
1257 2 1.7 38 16 2
1258 4 3 25 30 3
1258 4 3 29 ? 30 3
1312 2 2 14 18 3
1317 2 1 13 13 3
STAY : (U extrapolated)
27 1 .0 : a0 29 3
28 3 4.0 g 20-40 : 30 2 or 3
29 3 0.5 | 40 11 2 or 5
|

16 September 1871, Locations appear in Figures 14 and 25,



APPENDIX D
CONDITION EXTRAPOLATIONS

Wave conditions at site were evaluated in Chamberlain's 1964 re-
port, The results {(p. 24 and 25} are reproduced as Figure 97,

The Northesst Trade condition is very common. According to Ap-
pendix A {1849-1967 data), ahout 26% of all recorded winds at Rarbers
Point, nearby, occur from NNE, NE, or ENE and lie in the 7-10 mpht
bracket. Over half of the winds come from the NE quadrant, The typical
trade wind condition is taken to he NE & kt,

Figure 12 of Chamberlain's 1964 report shows Kr for typical trade

winds to be about 0,01, for 10 second pericds, These waves generally
break in less than 3 ft. of water,

Concurrently, southern hemisphere (Antarctic) swell may be ex-
pected. From the Table, 1t0 1.9 ft., 235% - 245°, 11-13 second waves
are typical at site, From Figure 7 of Chamberlain's 1964 report it may
be deduced that these waves result from deep-water waves with the fol-

lowing characteristics {Kr = 0, 4}

wavelength 740 ft,
direction 1309 - 1gg¢°
height 2.5 - 5 h.
ceriod 11 - 13 gec,

Figure 1-84 of Beach Evosion Board, Technical Report No, 4, shows that
5 o o e . i i =
these waves also break in about 3 i, of water (¥ HS = }{q - 1, 5%

L /L = 2.03,1073
i8] i

S’
w

From Table 13,5 of Wiegel (Gcean Engineering) the surface drift

BS 18 interpolated 1o he

U

8

g.0272 U,

i

o-1
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where U iz the wind speed, for 21.5% N at a wind speed of 10 meters/
second, For this latitude, Table 13,2 indicates a deflection of the sur-

face drift of 40° to the right of the wind., For the NE Trade condition,

then
U= 0,37 fi/sec
5
bearing = 255 ° |

This condition is similar to, but less severe than the condition de-
scribed in Figure 13¢ of Chamberlainis 1964 report, No wave-induced
current field is included in the analysis, and Region 5 mixing is reduced to
the rocky area indicated in Figure 99 . This Figure zlso shows the as-
sumed current field,

From Figure 97 the worst, yearly Kona-condition wave is taken to

be H; = 7 ft., from 2409, with & 10 gec. period, at site. As above, the
L4
deep water wave condition {Kr = {,60} ig HS = 11.8'. The reference

used a 300 NM fetch which corresponds to a 24 knot wind at 190° {sce
Figure 100.

According to BEB TR-4 {(p. 102) Figure 1-83, the breaking depth =
1.8 H; . from which

db = 11.2 ft,

e

i

From Kinsman {(Wind Waves, 1985, p, 159}, K = 1,20, so thatt
breaking wave height is 8,4 ¥, As shove, the offshore current is caleoy-
lated to be 1,1 fi/sec. from 2300,

This intense Kona condition will produce an alongshore current,
From general considerations, this current is estimated to be 2 ft/sec. and
ig assumed fo have a width of about 200 £,

The current regime and the breaking depth {seaward iimif of intense

Region 5 influence) are sketched in Figure 101,
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BEACH OUTLINE FROM

"£AHE POWER BLANT &

VISIRITY PHOTO: B=~1-70.
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APFENDIX E
RECIRCULATION

The outfall temperature TQ is equszl to

T o= T FPl+dx+x8 4+, , ., 7
I} i !
i T
= T T Xg}“: S
B £, JE"X
i=n

where T, is the intake to discharge temperature rise and x is the tempera-~
ture recirculation factor, Values of x are given on the Severe Kona Con-

dition prediction sheets,

t
-



APPENDIX F
OUTFALL DISPLACEMENT

The general form of the axial speed of the discharge jet is taken

to be:
_ B
1) VA = ST
, o]
with
B a scaling constant,
r, the virtual origin of the jet,
S the displacement from the outfall.
The lateral speed is approximately
py
= v
2) v, @g)
with

o the effective eddy diffusivity

t the elapsed time from the outfall.

Equation 1) is integrated and solved for §:

H

3) S (% + 2807 - 1

o] o
The two constants are evaluated from mean axial drogue speed measure-
ments and mean displacements S, see Figure 14, Drogue No. 2 was selec~

ted for axial near field calculations. The following equations result:

Time Equation
4) 1250:20-1251 2,34 x 10° + 2. 47 r =8 (ft°/ sec)
5) 1251-1252 3.16 x 10% + 1. 67 : (ft*/ sec)
6) 1252-1253 1.282 (280 + ro) = A (ft?/sec)

Equations 4} and 5) give

3
i

102 ft;
488 ft?/sec

H



T
* K3

This agrees well with {6}, The accepted values are then

480 ft® /sec

f

3

5
L

O

i

102 £t

for the K-1, -2 condition.
The consiant gwas estimated from the 1300-1318 record of this
drogue, with 2), The displacement of 260 . in 18 minutes gives

ft? /sec, which estimate is herewith accepted.

W

o T 52,
The 17 isotherm of excess temperature corresponds to about 3
hours from the outfall, according to these calculations.

scaling for the various outfall combinations ig as follows:

Units Combination  {{1?/sec) B{ft? [zed) r (ft)
K-1, -2 1 52.5 490 102
K-1i, -2, -3, -4 2 2.5 o980 200

Distance-fime relations are then calculated for combinations:

Combination 1

t{sec) 100 200 300 400 600 1000 2000 3000 4000 8000 8000 10, 080

s {(ft} 308 460 590

o7
]
o

Combination 2
200 300 400 860 1000 1500 2000 3000 4000
180 580 730 870 1100 1470 1840 2180 2880 3100

et
e
[

t{sec} 50 100

s (£t} 2306 38706

ol
[

it

860 1140 1650 2060 2380 2930 32430 3,820

These times are indicated on the smoothed, 1 . weak Kona Conditions of

the text, Other times on other figures are extrapoliated,

F-2



APPENDIX G
DIFFUSIVITY

An estimate of the effective diffusivity is necessary for many
dynamical field predictions. Therefore, an experiment was conducted
at Kahe on 16 September to estimate values for the three axial components

of this second rank tensor.

The relation

if

4 /de DHEp (1)

relates the Lagrangian (total) temperature derivative to the Laplacian
(div, grad.) of the temperature field for a slowly varying D field. A set
of three temperature measurements is required for each direction for a
single esiimate of Di’ and three sets of measurements are required for
an estimate of Dy, D, and Ds, the axial, transverse and vertical compo-

nents of diffusivity.

The station coordinates ("O" on sta. "B", clockwise and "A" on

sta. "B" clockwise) and terms of (1) appear in Table 5 for the raw scales.

K e 23 & A CRLOA
§ e G £E,

# 2. 75 ft.

These scales were selected from the depth scale {z), from the natural
length scale (y) indicated by the time servies measurements of Figure 14

and from the interval times drift speed between stations (x).

The x-scale was inconsistent with the y-scale gsince D, = D .
Therefore, the %ﬁi term was reduced in scale by a factor of {raw scale/
10 ft.}? due to the (L°/T) dimensions of diffusivity, The results appear
in Table 6, With (1), diffusivity components may now be calculated, The

equations appear in Table 7.



TABLE &
BAW SCALE
DIFPFUSIVITY TERMS

Olsec) )| ©fey [ay] O

Time Az Sta "A'l Az Sta 'O -dT/dt Ax | -FT/laxr x| 38T/ 9®
1250:20  101-21-25 1 185-47-00 140
1251 84-17-20 1 178-13-2061 0.00 x 1077] 1001 7.2 « 167% |120] 0.00
1252 74-42-40 | 167-37-40 | 1,25 x 1072} 7818 8% 107% 1 89 0.00
1253 §7-00-45 | 159-32-40 ] 2,00 x 107%] 6011.52 ¢« 107% 88! 0.00
51254 65-15-20 | 147-41-10 | 1.67 x 107%] 49-2.02 x 167%| 55! 1.6 x 1077 45 « 1077
11255 | 64-40-00| 135-24-101| 1.33 % 10°%| 47)1.73 x 107% 48] 0.5 x 15°¢
§1256 | 65-50-40 | 123-45-20 | 0.58 x 107%F 4018, 87 % 107%] 43} 0.8 ¢ 1077
1257 g 66-38-50 1 115-14-10 1 0,83 x 1072%] 3411.24 % 107% 371-0. 2 x 1072
1258 ' §7-48-20 | 109-44-00 | 1,08 x 1077 1THL5 x 107% 28] 0.9 % 1077
1259 68-16-20 | 107-30-001 0. 67 x 10771 2711,35x 107%1 9221 0.1« 1072

L300 6G-20-00 | 104-34-40 | 1.25 % 1079} 202,12 x 1073 221-5. 0 x 107% | 1.2 x 10-7

1301 70-01-20 ] 102-16-50 117
1302 70-55-451 100-52-15 117
1303 71-50-50 1 B9-50-20 117
1304 73-15-20 1 08-49-50 117
1305 74-19-40 | 100-16-25 117
1308 75-31-35 | 100-42-20 117
1307 77-18-251 101-28-40 | 0.38 x 107% | 8016.38 % 107% 99/-0.0 x 10°® 33
1308 78-36-20 1 102-22-10 8%
1309 79-54-40 | 103-37-30 80
1310 81-08-00] 105-06-20 80
1311 S— 105-37-15 80
1312 S 106-39-20 { 06.30 x 10°® | 65}1.90x 107%{ 72 0.4 x 1077
1313 84-53-30 1 108-00-00 85
1314 85-52-20 1 108-40-55 65
1315 86-57-20 | 109-38-55 65
318 87-39-25 1 109-54-35 65
1317 88-46-201 110-28-35
1318 89-39-55] 111-16-40




TABLE €6
REDUCED SCALE DIFFUSIVITY TERMS

(OF /%) (OF/£t°) {(OF /1)
(°F/sec) {10 scale) {167 geale) {2.75" scale}

. , e 3T -2 35T . T :
Time -d47T/dt (x 107%; - e {32 1677} - (v 107%) - = {w 1077

Bx® 3y 5z
12512 §.04 1,04 .00 1,36
1252 1,25 G. 70 .00 2,81
1253 2. 00 .70 4,00 3,64
1254 i.87 -~ 61 i.60 -0, b4
1255 1,33 +Hi, 40 4.5 -1.88
1258 .58 -1, 23 8.8 1,81
1257 .83 1,70 02 -0, 03
1258 i.08 -1, 01 0.9 5,1
1259 8. 87 0.85 0,1 1.52
1300 1,25 1,12 -3, 48 0,12
1307 .38 .83 -9 3,38
i312 0,30 0,58 G, 4 1.7
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1251
1252
1253
1254
1255
1256
1257
1258
1259
1300
1307
1312

[
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3
b

O4x -

i3

. T0%
L TO0x +
.Blx
40x 4
. 23x%
L TOx
-3, 01x H
. B3x

. 12x%

63x

L8 8Bx A

TABLE 7

DIFFUSIVITY EQUATIONS

Note: x =Dy, v = Dy, 2

a,
0.
0.

)

33

e I e

[ N s T v B o

00y
00y

o,

00y +

]
g
-

]
e

[} [ [w:]
L

+ 13, 6z

+

—

28,
38.

-

3.

4
£

18.
G.

61

15,
1.
33.

17

iz
4z
dr

G4

= i}g



Linearly independent combinations of these eguations {as indicated)
are solved for the components. The results appear in Table &, The neg-
ative values probably result from the scaling in the x-direction. However,
the means are probably reagonable. Within the jet 1 and D, {on 10 It
scale) are roughly 1.0; D, is about 0.8 . Out of the jet D and D, appear
to drop to about 0, § while D, aspparently decreases 10 roughly 1 ¥ 1$"3{3.11
in fi# {sec).

With this small diffusivity in the vertical, sample calculations show
that almost all thermal mixing is horizontal. This, of course, is ex-

pected in region 3.

0
&



TABLE §
DIFFUSIVITY VALUES

In Jet

Out of Jet

(fi2 [ sec)
Eqn Dy Ds D
1, 2 -0.85 e 6.6 x 1077
2, 3, 4 ~1.83 0. 66 a 0% 1077
3,4, 5 1.71 1.76 2.2 x 1077
4, 5, 6 3,55 2.89 14.5 % 1077
5, 6, 7 0.72 1.96 -0, 59 x 1077
6, 7, 8 6.73 1,71 0.37 x 1077
7, 8, 9 0.73 2.00 0.00 x 10°F
8, 9, 10 -0. 94 -0.387 0.77 x 10 72
9, 10, 07 0, 40 -0, 135 0.00 x 1072
10, 07, 12 0. 54 0,09 ~-1.51 % 10-°
%
Mean 0.476 ngizﬁ 1,17 3,14 x 1072
Above Line Mean 0,65 a1 Q71 77 8. 1x 1077
Below Line Mean 0. 364 e 5F 80 87 -0.16 x 1077



APPENDIX H
KAHE GENERATING STATION OPERATION

As the circulating (sea water) passes through the Kahe Generating
Station, it contacts variocus structures and different materials. The ducts
are generally concrete with iron fittings, screens, etc. The condensers
provide a large area of contact and deserve special consideration. Cer-
tain features of the condensers are listed in Table 9. Perhaps the large
exposed surface area of copper alloy tubes is of prime impoertance in this
regard. Chemical analysis results appear in Tables 10 through 15,

It is noted that there is some potential for accidental spills and
leakage into the circulating water flow, Unfortunately, the nature and
degree of such losses probably cannct be deduced.

The procedure uged in condenser backwashing and heat treatment
is included below as Figure 1092.

It is also noteworthy that plant load is generally decreased during
the night {0000 to 0600) so that one (of two) pump is usually shut off on
each unit during this time. Thus, the temperature rise and discharge
flow are not constant with time. The sampling of the thermal field during
the day {ag was the case in thig series of studies) tends to over-estimate
the impact of the plant because of the increased divrnal heat output. On
the other hand, peak temperatures are probably more important for most
benthic organisms than mean temnperatures. Diurnal fluctuations in the

thermal fields will be investigated in future studies of this series.



TABLE ©

CONDENSER DATA (VARIOUS SOURCES)

Kahe 1 Condensger by Westinghouse
Inlet & outlet H28 hoxes:
inlet & ouilet E—iz{; box covers:
Tube sheeat:

Tubes, condenser:
Inlet & overbosrd lines:

Water velocity:

Condenser Tube Data {for K-1 & K-2)

Kahe 2 Condenser by Westinghouse
Water box (one piece}:
Tube sheet:

inlet & overboard lines:

Kahe 3 Condenser by Worthington
Water hox {one piece}:
Tube sheetl:

Condenser tube data:

Cast iron

Mild steel

Muntz meial

Aluminum brass (ASTM-BI111)
Poured-~in-place or precast concrete

B'OY ft/sec.

8004 tubes 7/8" O,D, #18 BWG

301-2-1/8" long carrying 72, 0600
gpm of seawater {(max. flow)
36, 000 gpm minimum flow,

90-10 copper-nickel
Munitz metal (ASTM-R-171)

Same as Kahe 1

890-10 copper-nickel
Muntz metal

8, 300 tubes 7/8" O.D, #18 BWG 30

active length, carrying 37, 600 gpm
per pump {74, 000 gpm max. flow
for 2 pump operation)
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PHELFS Dopse COPPER PRODUCTS CorearaTION
LOS ANGELES TUBE DIVISION
LOE ANGELES, CALIFORNIA
TESTING LABORATORY

SHIPPING DATE

e Spidlink
CUSTOMER'S ORDER R0, o e MILL ORDEF MO,
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CONDENSER TURES
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TULBINE

OPGIATING INSTRUCTIONS K 10«9
Condenser Backwasn and Heat-
Treating

Higure 102,

CONDENSER Ba ASHING ARD HEAT

Thisa 1 LHG

-

This instruction supercedes and cancels Uperating Instruction
No. 5, dated May B,1967.

The circulating water(sea water) side
by design, and valved to W@f??t variable op
pump operation; Glbaﬁl%b of 3 condenser; ba
and heat treating condenser, clrcu¢¢31&® wa

of our units are divided,
%Fd%l@ﬁ83 }agj one or two
ck Kwashing i condenser;
ter piping and pump wells.

Since heat treating and backwashing are two separate coandenser
cperations, th@y will be treated separately, even though the equipment
ligoment 1s almost identical.

Qs

BACKWASHTNG

Backwashing is a method of cleaning & condenser by reversing the
flow of water in that half to dislodze any debris {(shells, scaweed,
sticks, ete,) that may collect on the inlet waterbox %u%amQWCOu and
cause pluggage. This is particularly prevalent during Kon {“ uth wind)
weather and &Q?Q“lﬂlly after a hman run~-oii of rains which dumps
excessive amounts of grasses and twigs into the ocean near our inlet
bazin, The first indication of this condition manifests itsell i
increasingly higher motor Amps. This is followed ciosely by a reduction
of turbine vacuum and an increase in exhsust trunk ts mperature. Higher

han normal inlet to outlet differential pressures will confirm the
abQVﬂ condition,

Yyhenever the Qeﬁe331ﬁ" Ffor backwashing dflﬁvg, wheth
to reduced circulating waler flow, as would be the case w
conditions, or as a mormil routine operation, the step-by-
as QQ*}“ﬁ@& below shall be followed:

-

be due
o

3
ethod

s
€t
ot
\i) L

I. OPERATION SIoE TO BE BACKJASHED

- NORTH SQUTH

b

Lel Prepare unit for > Heguast permmmazan and take unit OFF 4.0.8 !

backwashing P U i T T
- Arrange slulce zabtes from circulator pump !
well so that supply for Service Water Pumno
will be from unit NOT being backwashed. l
L - : —
m%%i@’er load to 35-50007, LU 40T ot
[ —
p2 ) _ B~ .
oust “Ys both traveiiin PEEE

3

Lin
be“ng backwashed,
i

~e3

i
P?
it

Run, ¢
orn uni

G
i

|
;s
H -4 T e 2R ! 5 ! i ;4
2°§theﬁ load iz at o STUF Circulator #1 | [
| 50:5 or lower, {HORTH) on unis Pl
— i being backwashed, | ?

i

J
-0

S




(TURBINZ
(}i—'a.aia:;s iil(} ZTISTI %EC“IQ;‘V

Figure 102, {Continued)

33§Isalate both halves
§0f Condenser,

Bwl~Q

€0 ﬁ”&ﬁsef Bd@nvasn and
Heat Treatine,

5ULT

Check to see that MO Valve §§ is 4in clos
I position. This is the Outlet waterbox ﬁ@t@rw

| Uperated Cross- over valve,

CLOSE MO-Valve lo,2

Clrcuiat or ﬁzucbarge

Header Crosse—over

W
Le|Prepare To Reverse
Flow of Water on

Side to be Backwash

ad E

V- |

o

et

R U

CLOSE 0. E
THoTER) % i
ulator ?U?m must
Eé LE‘;JE bf} wt’lz‘t‘:éd

vhile thisg valve is
clossd

GLUSE 1i0-Valve aaarg
Qlfsuiabox Dischar e
Header Crosseover

S |

[0-Velve I o, @_“7
gosu€5§ The #27€
ulator pump rust
”’{,% be started
ile this valve is
Closed

d.«.,

U §

OPEN JMO-Valve [o. &

e et

¥

seb Mirrow-Ilarl"

switech on Tlanual®

then: (QFEN 71 Ciro-
ulator pump discharge

Valve wide {(100%),

Jet Jgrrowmuurt”
switech on "Manual®
then: OFLN /2 Ciree
nlator pump dis scharze
Valve w¢do (?QON}

SeiDirect Flow of Circa
ulating Vater through réﬁ
side being ba cxm&shed

|

g . a periocd of 5210
f Minutes.Mainbain
i an alert watch on
Exhaust T%aq? Tenmp.,
%; DO HOT BxC D 125%
2 _— —
éagfrep re Condenser OPEN MO-Valve No.j
[For Normal Operation [Tlwide (100%)
: | e et i i - ok
PSR BT Ty
{§QLGDE Fl-Valve Ho.l
Set "ArroweHaroh
; switch on Yaubo®
. ?-w R i - - - -
7o Direct Full Flow of  L3/CLOSE MO_vaive No m?
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g Figure 162 (Continued)
OPELTING INSTRUCTIONS &

L K=10-9
Condenser Backwash and
Heat Treating

I,

$ NORTH

SOUTH

10, Normal Operation with F™ ( "EN MOwValve No.3 ] fOPE% MO-Valve Ho.3 |

3 . L
L or 2 Circulators — ~ _ ~
festore Sluice Cales for Service hater Pumps
to their normul operating positions. )

NN & A

~

Stop Travelling Screcns and place controls
Lin "TAUTUY position.

S T

égétop #2 Circulator, if one pulp operation
Lis desired. _. o
SR ) _. R

o

Eeport unit ready for normal ¢perations-
increase load as required and switch to
ADS control,if requested,

HEAT TREATING CORDLHSER, CIRCULATOR WATER PIFING AND PUBP WELLS

Heat treating is a method used to recirculate the water within
the circulating water system to heat bhe circulating water piping,
pump well areas, and water boxes te a controlled level of temperature
for the purpose of killing barnacles, molliusks, algae, or any other
creature or bacteria that would adhere to or grov on the surfaces of
the pusp well structure, water piping, etc., and as & result restrict
the flow of circulating water.

A sustained temperature of 100F temperature for a period of one {1}
hour is sufficient to accomplish this purposc.

The only difference betwesn heat treating and backweshing is in
the closing of the Stop-log upstrean of the idle pump {side being backuash.
ed} and in the control of the water o the tunnel on the "IY SERVIUET side
of the condenser. Load nay have to be raised to about 5000 to provide
enough heat to the recirculated waber for raising the temperature to the
desired level,
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TURBING Figure 102 (Continued)

OF N TING INSTRUCTIONS KeelOwG o
LOﬂaenuer Backwash ana
Heat Treuating

? NORTH f SOUTH
; DO HOT EXCEED 125F DG NOT EACEE? 1257
i on Exhaust trunk, on EZxhaust Trunk.
A Haintein Vacuum at Maintain Vacuum at
or ABOVE 26.5% Hg. or ABOVE 26, 5” o
{ Open Valve No.l i | { Open Valve lo, 5 g
_if necessary) if necessary) |
3. Réstor? Condenser to OPEN STOFLOG No,l TBFEN STOPLGG Kol.2 g

Normal Ogarqt ion

=T

Follow Steps 6,7, iFOl}GW otepu 6, 7, |
8, 9, and 10 for g, 9, and 10 for = |

Back wash | [Back'wash, |

%
Lﬂ 1 CK nLd3 Sr,

Station Crief

8-27.68.
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(d4ase7s
PRV L 2l
YOG KOE FALE oy
LB b1y Hdh oty

1
@ =

e

VHL Ly g

TROY woso

ST e

[

-

= e Y
7 L E ) T T T .
i i | |
A i
SHFRag 1P Trg aven. {
s
| ! w
; \\.r/, } ,._‘\.:..a., ,
ool
AN i T M
]
i

Ml / TRy

Mm W\OLQJJU&U D\_?{x\

1 @ oms

g P
ONrG o Ay x%w

T (easerny T

wwﬁﬂﬁq SoXp I
o D577 lx\&n\

|

|

{

-
y

_M
P YD DYy g musﬂﬂwﬁ M
FIREE HL o |
M ] w m w | M w 795, )
1A <y Hosia e e

‘ H Thog kkkﬁh\

T N LnnoT

RLY T AYDLr NOSIN G SV NSO Sy

L

E%.

BN FSeY G
WOHFI LM dFrino

G s LT s,

LS

Yo T
P e 4

R

A v

SO @y o g
- P AT L AT g,

L L

- el i

g meiwwﬁ&ismnw\n\.\ﬁm&ﬁ\\uﬁmé;;! HOL T 50y
# ! i
B i i ol
: T |
m M w?%%ﬂgwh By W>§¥mw
: ﬁ M =
m ; \x,.,._/ : L _

— i , i L
; A P . \ﬁﬂf_w Ryt
i e A
: T " Lo _ | _ T
_,m o e R ey e

FOAWI DML AW

% @ (Waet<r)

Mﬁkﬁdamaﬁm IR v

RS A T R e
e
H

>

: (o @) - " N
S Tua Hosig AWy g (easopn ~ WOSIG dvay y
e "
} R L EALER TN N h
: ML iw%xam}iﬁ%}i!;z
! ]
v b
P el
: §
| | |
m _ m W.
B |
e
FGey [ P OME A N Dy gy
LAty RT py
Mol Tio g

W % E&WE
« - M
e sl
{ce giﬂw .

dgno 159870
MR HELYAY (E o

(935575)
gyl Q4
MRS RYE H AWM
sza HLN QA

~©

s

(274 XML )
IFHNIL Gs

RS NRE ¥R rwit
AFTANC Winao m

PR S ST R e

f e

®
’)0’

ﬂ

AR T e

- - O . -



e

APPENDIX
1983-19684 BOTTOM CONDITIONS

The following ahe was

jog:
=

description of the bottom condit ions off |
made in 1963-1964: The offshore ares was studied in detail by observing
the bottom through a glass 8 viewing-box and by making underwater diving
traverses along the bottom fo ohserve and rec ord the location and condi-
tion of veef and sand areas. With the dats from these chservations plusg
inspection of aerial photographs, Figure 4 was drawn off the offshore

area at Kahe to outline the types of bottom material and to show conditions
on the reef, In order to evaluate the extent and thickness of sand, SCURA
divers worked several days with probing and jetting equipment, During
the underwater probing studies, representative sand samples were col-
lected for laboratory analysis. Below is reproduced verbatim the 1963~

1964 descriptions by range lineg,

L. Offshore at Point C (see Figure 1},

The ocean bottom is covered with a dense alga-coral reef
which is covered only in & few places by thin sand pockets. The two
major pockets in close to shore £ill depressions in the reef., Farther
offshore, in water depths of 15 to 35 #t, » there are a few scattered sand
pockets, small in areal extent, which have sand thicknesses up to 1-2 fi.
in general, offshore of Point O the bottom is predominately reef with
about z 40 percent coverage of active living organisms. In deeper water,
to depths of 52 ft., the reef iz nrec iominately dead, and only 2 few coral
heads were found, In theae 8pots there is almost no sand, but in seversl
places, at the seaward edge of the reef, there are small channels up to
20 ft. wide which contain small amounts of sand. These and other feos-

wures suggest that sand cover probably exists in deeper water.
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2. Point C to Range 10

Aerial photographs indicated a small sand channel running
seaward from a land drainage system, but divers found the sand very
thin and no channel could be located, Seaward, in deeper water, condi-

tions are as previously described.

3. Range 10 to Range 9

Along the beach and out to several feet of water depth, the bot-
tom is covered with rocks, boulders, and some sand. Seaward out to
about 32 ft. of water, the bottom is very consisient in appearance and is
covered with a thin laver of shifting sand, The sand varies in thickness
between 1 and 1-1/2 fi. and dead reef sticks up through the sand at scat-
tered points, At points where the relief is great enough, living coral
was found growing on top of the old dead reef above the limil of extensive
gand burial., Seaward, to the depths of about 56 fi., the bottom is covered
predominately by dead reef with some scattered, but thin, sand pockets.
Bevond 58 ft. into deeper water, the sea floor is covered wiih sand that
thickens rapidly seaward. At this location the sand is covered with a
thin layer of algal growth, suggesiing that it is not an area of active sand

movement.

4. Range 9 to Hange &

The nearshore zone, out to depths of 32 ft,, has very little
sand cover, Although the gand is very thin (6 inches}, the limits of live
coral and pronounced discoloration of the dead reef areas indicate that
sand pockets have recently held more sand, in the order of 2 fo 3 ft.
thick. The seaward extension of the dead reef is narrow and an ofishore

sand wedge commences at a depth of about 48 ft,



5. Hange 8 to Range 4

The nearshore zone between these ranges has very litile sand
and ig covered with extensive exposures of the dead reef. Seaward from
Range 8 the dead reef is covered by approximately 30 percent live algae
and coral growth, This live growth diminishes rapidly to nearly zero at
Range § + 200 {t. and Range 4. Again in this section, as in cther areas,
living coral ig found on the areas of raised relief where it is not severely
affected by shifting sand. Past and recent aerial photographs show an ap-
parent elongaie-shaped sand body seaward off Range 6. However, during
diving inspections, dead reef was found exposed along the beach at Range 6
and seaward out to water depths of about 8 ft. Beyond this depth, sand
cover was more extensive butl the maximum thickness of sand was only
3-1/2 ft. and no channel was found. A large area of thin sand was found
between Range 8 and Range 5 in water depths hetween 32 ff. and 44 ft.,
which appears {0 merge seaward into the thick body of inactive sand off-

shore.

6. Hange 4 to Range 2

On the botfom in the nearshore zone and geaward to depihs of
40 ft., more irrvegularifies in relief were found than in other areas,
There is very litile active coral growth and those areas not covered by
sand were predominately dead reef. Much of the botiom is covered with

P

thick in other places where

]

and, extremely thin in places, but up to 3 ft.
relief in the old reef allows for such filling, Throughout most of this
region, the sand is active and bottom conditions suggest that at {imes
many of these depressions have held more sand, possibly a5 much ag 2
{t. more. Seaward, bevond depths of 40 1., the botlom is all sand-
covered and the sand thickens rapidly seawsard, so that at 80 fi, it ig

greater than 11 ft, thick,

i-3
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7. Range 2 to Range 1

The nearshore area hetween Hange 2 and Range 1 is mostly
dead reef with very little sand cover, However, seaward of Range 1
and the coolant water discharge pipe, zerial photographs indicated a
narrow elongate sand area, Appearing as a seaward channel extension
of the land drainage system, 1 was closely ingpected by the divers and
tested with probing gear., The sand was only 1 [, thick at most points

and dead reef protruded through the sand in some spots,

8. Kshe Park to Point A

Southwest, along the coast to Point A, the boftom in the near-
shore zone out o water depths of 12 to 16 ft., is covered with massive
reef that has about 50 percent new growth of live coral, algae and other
marine forms on it, There are numerous small emipty depressions,
Vegetation and discoloration lines suggest that these depressions have
been filled with several feet of sand in the near past. Only one area
nearshore is covered with a thin layer of sand, Seaward, from a water
depth of 18 ft., the bottom is very uniform and is covered with rippled
sand. Five zets of jetted holes indicated a progressive seaward thicken-
ing blanket of sand., Only 2 ft. thin in 20 ft. of water, this sand body I8
greater than 11 ft, thick at the BO-ft. contour line. Sand was observed
out to depths of 80 fi., bevond which it was not checked, At Point A,
there 18 a marked seaward deviation of the coniours and {o the southwest

shal water extends further offshore. Massive reef extends cut o at

least 40-ft, depths. The reef is covered by about 50 percent live coral

and algae and there is only 3 small amount of scatiered sand, This major
reefl area and the other extensive reefl area off Point C are consgidered to
he the south and novthwest boundaries to the Kahe area sand circulafory

vatem.
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APPENDIX J
1964 CURRENTS

The information from Chamberiain's 1664 report about currents

at Kahe is reproduced here.
Kahe Ares

The major portion of field time was spent observing water
movement patterns and velocities slong the shoreline at Kashe, Obser-
vations were made on 12 occcasions and many different wave, wind and
the tide conditions were studied.

Off Kahe, deep water coastal currents influence the along -~
shore drift seaward of an imaginary line connecting points about 300 ft,
seaward of Kahe Park and Point €. The drift ig generally quite uniform
in velocity and depends mainly on tidal currents and wind ~driven ocean
currentg, Currents in the littoral zone are bagsically related to wave
action and wave approach to the shore. However, the intermediste aves

between these two zones can be affected by either current or by only one,
At times when tidal changes are extreme and waves are slight, the
water movement in the intermediate zone is induced largely by coastal
currents, but when the tidal change is small, the intermediate littoral
zone is dominated by the wave regime,

Offshore currents apparently move about as predicted. This
ig, the currents flow towards Barbers Point on a flooding tide and flow

toward Maili Point during ebbing tide. Such reversals were noted during

&

Q

f prime importance was the study of the circulation patterns
and velocities in the littoral zone under various conditions, as the littoral
currents essentially determine the direciion of sand transportation along
the beach. Since littoral currents are basically related fo waves, the
wave height, period and direction of deep water approach are all impori-

ant variables, Using these varisbles for the most predomingie wave

J-1



types, refraction diagrams were drawn to show the wave approach in
shallow water. Generally, littoral currents flow away from points of
wave convergence ..,. However, in the Kahe area there are no marked
points of either wave convergence or divergence,

The general current pattern and velocities shown in Figure
103a represent those observed under different tidal actions and when the
wave approach was from the gsouthwest guadrant, Patterns under thege
conditions were somewhat irregular, depending on the wave and wind
conditions. When currents were slight, there were several small rip
currents, where surface water flowed seaward for several hundred feet.
These seaward-flowing currenis were generally quite narrow {100 to
150 ft. wide) but they shifted laterally along the shore several hundred
feet during the day. Sometimes these rip currents were also found off
small protrusions from the beach and off the coolant waier discharge.

Figure 103b shows the current pattern and velocities under
different tidal conditions when the wave approach was from the northwest
quadrant, Although observations with these wave conditions were not
frequent, the current patierns were very digtinet. Velocities varied
greatly, from less than .1 to .5 knot, and depended upon meteorological
conditions. Currents up to .5 knot were measured on June 3, when wind
gusts reached 25 mph and waves with periods of hetween 8 and 8§ zeconds
and heights of 3 to 5 ft, approached from the northwest. Whereas, on
June 4, while there was almost no wind and the waves were only 1 to
2 it high, currents setting southwest were less than , 1 knot.

Figure 103¢c represents the currents ohserved on May 20 under
slightly different conditions from those listed zhove. The wind was blow-
ing offshore with gusts up to 25 mph and the wave approach seemed to be
almost parallel with the central portion of the besch from the intake bagin
to Range 8. The wave approach to the beach formed an cpen angle to the

northwest towards Point C and an open angle to the south towards Kahe Park.
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The current patiern consequently was somewhat different than noted at
other times; currents set northwest and offshore from, the intake basin
te Point C, but currents set offshore and to the south from the basin to

Point A.
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