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ABSTRACT

This report summarizes the results of the second year' of investiqative

and evaluative vork of the University of Havaii 's Sea Crant program project,

"QuaZity of Coastal Waters." The general objectives of this muZtidisciplin-
ary project are to identify, aevelop, and evaLuate the critical physiea.',
biologicaL, ard rational parameters needed in formulating effective policies,
institutions, and systems for protecting the quality of coastal, vaters in
Havaii. To this end, the attainment of eight speci fic objectives is assigned

to faculty speciaZists participating in the 14 activities vhich comprise the
project. These specialists also assist the Principal Investigator in plan-

ning the vor k and in interpreting the results.

Research activities for the project year consisted principally of field
and laboratory studies of coastal vaters initiated in the first project year
but vith increased emphasis on biota and sediment. Assistance vas rendered
to the State Department of Health in the revision and updating of the State

Water Quality Standards.
ghana Bay vas selected for study as a coastal vater area under the in-

fluence of zelatively undeveloped Land. Lard contribution of nutrients to
the bay via Kzhana Stz earn and all nonpoint routes vas found to be small de-
spite the perennial nature of the sur face and subsur face discharges. Hov-
ever, the nitrogen and phosphorus levels measured for cabana Bay vater . nd
in the contiguous open ocean vater ex'ceeded the LeveLs a2Zoved under its state
Class AA vater classi fication. Coli form organism concentrations met the

Class A zather than CLass AA standards. Thus, the cabana Bay vater c<ua'-ity

tends to satisfy the Class A standar*d rather than the C'Lass AA standard.
Heavy metaZs, especialLy Zead, coppez, zine, chzomium, and nickeZ, ap-

peared consistently and vithin a range of a fev to a fev hundz'ed ppm n the
bay sediments, stream sediments, and vatershed soi2s. The ubicpcitous nature
of their pr'esence is zeZated to the parent rocks from vhich the soi Ls and
sediment are derived. Hovevez', mercury and cadmium vere only occasiona2ly
detected in the sediments and vhen detected, occurred at on2y vithin a range

of a fraction of to a fev parts per millio~. DDT vas detected in the ~e
of a fev parts per tri22ion in the Zahana Bay sediment together vith only
periodically detected and very lov Levels of dieldrin, DM; e and y chlordane.
In the cabana Bay vatez' both heavy meta2s and DD vere detected but only at.

Leve2s similar to open ocea~ vater, i.e., a fraction of, or a fev parts per



billion foz the heavy metals, and only a fev parts per tzi 1 lion for DzT.

The pzoject 's appz'oach to revealing the effects of urban 2and develop-
ment is seLection of single pzedomiruvlt type of urbanization of Land to re-

veal the cause-effect zelation. Recreationa2 use of coastal Land and vater

in W'aikiki and dome" tic uz'ban use of vater and tne abutting Land in Havaii

Kzi Marina and east Maunalua Bay furnish such situations.

is col2ected and z emoved from the areas.

Domestic sevage

Sandy Beach represents a rather complex situation and departs from the

project appzoach: the open ocean coast beach being popular, the land use

Investigative results for tne Havaii Kzi area and Maunalua Bay shoved
a genezal trend to improvement in vatez quality from the marina to the near�
ocean bay vaters. Nitrogen Levels in the bay and only the near-o ean sta-
tion vere vithin the Class A state standard by vhich the vater bodies are

classified but phosphorus levels exceeded the standard elsevhere. A22 heavy
metals vere consistentLy present in the coastal sediments in the parts pez

mi LLion Level. The 2evels of the ubiquitous pesticides anaZysed, ODT, diel-

drin, and PCP,  the Latter is used priori Ly for tezvnite control in house

construction!, vere at 2east one order of magnitude higher than in the ! ahana

Bay sediments, thus reflect 'ng intensive urban activities associated vith a

zelative2y nev and groving residential development.

In the Havaii Eai Mazina and coastal vaters, heavy metals vere detected

in the usuaZ minimaZ parts per biZZion ZeveZ as in open ocean vater, and DOT,
dieZdrin and PCP vere in the usuaZ parts per trillion range. A turbid vater

plume in Mauzuz2ua Bay vas occasionally identified and apparently vas related'
to currents and zoi2ing bottom sediments zather than any Liquid discharge.

A biota study of the bay vaters vas completed and detai Led.
Coastal vater quality data obtained for the Mamala Bay vaters of>

Vaikiki in support of a conjunctive study by Chave for the Corps of Engineers
and coliform monitoring by the Department of Health are reported. In genezaZ
the data satisfiea state requirements for Class A vaters except for phospho-
rus. CoraL abundance vas genezaZ2y less tovard Biamond Read than tovara Ala
Vai Canal, vhich is the on2y major drainage canal intercepting the sur, ace
runoff from the valleys and discharging into Vaikiki coastal vatezs. From
the findings, thez e is Zittle evidence vhich vould attribute any specific
vater quaZity effect soZely to the presence of intense reczeational activity
at Vaikiki.
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changing from rural and undevel.oped to residential urban development, and
above aLL, the coastal mter receiving treated domesti" effluent. Shore'Line
mter quality data dere obtained to complement the studies undertaken by the
consulting firm of Sunn, Zov, Tom, and Hara, and the routine monitoring by
the State Health Department. Results for the project area shooed clear
shoreline mter similar to waikiki but vith higher nutrients than Kahana Bay
s!ater and the state Class A standard levels. Houri:ver, the study by the con-
suLting firm of the offshore condition adjacent to the Hawaii Kai suez out-
fall shoved that there is little siqnijicant effect to the coastal ~~ter and
benthos from the discharge of treated wastewater off Sandy Beach.

A baseline survey of benthic biota, particular'y coral and micromollusc

abundance and diversity, and fish ms performed for Kai Lua Bay, the proposed
Mokapu outfal-l. site, and the existing iYaiZua sever outfall. kfhile the great-
est abundance and species diversity of t' he fish a>ere not near the outfaLL,
the highest standing crop of micromolluscs is near the outfaLL. The occur-
rence of micromolluscs is comparable with the patterns in other areas of
=imilar depth and substrate.

Nonpoint discharge studies of sugarcane production and mil.ling mates
i~ere continued but at a reduced scale on Kauai. Observations of mi.ll auste
discharge and coastal meter, sediments, and biota vere made both before and
after the 90-year old Kilauea Sugar Company cZosed do~ its operations in
north Kauai in 1972. Untreated milZ metes vere found to be the ma-or con-

tributing factor to the presence of coli forms, sediments, trash, and bagasse.
The eff'ect vas largely m extensive visible plume in the coasta'L mters and
debris in both the Mater and on the beach. Sediments, rather than water,
harbor'ed most of the nutrients, heavy metals, and pesticides in the ocean.
DOT, although not used by the sugarcane industry, vas present in smaLl a-
mounts in all uzstes and sediments. Herbicides used in suaarcane culture did
not appear in coastal waters. A striking aesthetic improvement of the coast-
aZ mter and the beach quickly foZLoved the cessation of mill waste discharge.
Coastal. eater qualitites continued to improve: phosphorus decreased to bet-
ter than Class AA standards, DDT and PCP vere detectable only at parts per
trillion Zevel. The rapid improvement is attributed to both the cessation
of mill ~ste discharge and the heavy sea, Beach and ocean sediments con-
tinue to harbor about the same level of heavy metals but contain a much de-
creased amount of nutrients. Fish have reappeared rapidly since 1973. No



apparent changes in micromolluscs have been observed since the cessation of
mill operation. Tentative conclusions of the continued Kilauea investiga-
tive st~dies are: no evidence of eutrophication in coastal vater, adverse

effects of discharge mostly transitory, and epibenthic corenunities more in-

fluenced by vaves, currents, and coastal topography than by milL vaste dis-

charge.

Studies vere continued in south Eauai to assess the effect of changed

operation practices by the McBryde Sugar Company subsequent to an SPA suz-

vey of coastaL stere of the az'ea in 196'8. Company practices demonstrate

that it is possible to operate milling operations vithout discharge to the

ocean, and to prevent irrigation tailvater overf love except flooding due to

intense rainfa27. At the time of ~epo~ting, the coastal vaters of Vahiava

Bay shoved an anomalously high nitrogen content vhile no pesticide z'esiduee

vere found in the offshore vater except for the one to tvo paz'ts per tri22ion

DDT vhich seems to be present everyvhere.

Evaluative summaries vere detailed for sevez'al key quality parameters

in vatez and sediment. Heavy metals vere ubiquitous and in parts per mil2ion

range in coastal sediment in Zavaii. This suggests that i f standards for

the level of heavy meta2s in dredge spoil. veze to be set, care should be

taken not to f~ unrealistic levels that cannot possibly be attained. In

the coastal vaters, heavy metals also occur but only in the parts per billion

range, a level quite comparable to the level in ocean vater. Conjunctive

studies of mercury uptake in an aquatic food chai~ from the vater and sedi-
ment vez'e continued and detailed.

Of the insecticides, the prese@we of DDT in sediments is ubiquitous.

In Maunalua Bay and Havaii Xai sedizrrents, dieldrin, and rz and y chlordane

are found frequently and vith highest concentration in the lov paz ts pez

bil'Lion range. Their occurrence may be attributed to prior and current con-

tinous use of these ohemicals in the abutting Land area and the poor sediment

circu2ation vithin the Havaii Kzi lkzrina. In coastal vatezs insecticides

vez'e genez'a22y undetectable oz at only a fev parts per trt'22ion. PCP like

DDT, seems to occuz ubiquitously.

Herb~aide residues in Vest Loch of Pearl Bazboz and Eaiaka Bay vere

studied. Atrazine and ametryne do not appear to be a prob2em, hovever,

because of its persistence in soils diuron can be found in coastal sediments

because eroded agricuZ~Z so~is are tzansported vith storm runoff.



Kzhana Bay mter contains about the Louest amounts of nutrients in

coastal stere. The state standards for n 'trogen and phosphorus vere ex-

ceeded in all ar'eas except for ZiZauea, in the case of nitrogen, and NcBryde,

in the case of phosphorus.

The use of mircomoZLuscs as an indicator organism mrs repoz ted ~ith

a differentiation noted in species between coastal areas affected primarily

by silting compared to areas affected primarily by ~utrie~t input. In the

former situation Bittium zebrum becomes the major fauna component and stand-

ing crops and diversity values az'e conspicuously depressed. In the latter
case, the community changes tome"ds dominance by suspension feeding forms
which depend on primary productivity of the arater columns. Also associated
strongly vith silted reef flats is Obtortio pupoides. The z'esponses of an
ecosystem to Land-generated effects are changes in structure from a grazing
herbivoze environment vith associated frondose algae to either a rubble

associated ecosystem vith fee species or to a eutrophic state uith many

suspension feeders and Zov diversity.

The principaL changes in institutional arrangements noted in the pro-
ject year are those resulting from the passage of the Federal Pater PolLu-
tion Control Act. Amendments PI 92-800. The effects of this legislation

ui LL be far-zeaching and result in changes which incZude: nm dischazge

permit requirements, reporting of operating and monitoring z'esults for

~steuater treatment facilities, a minimum requirement Zeve2 of secondary

treatment for municipaL mstetuaters, ana industrial reste treatment effluent

guidelines. The full impact of these and other changes is not yet apparent
although some delays have incurred in z'egulatory actions and attempts to

implement Legis Zation.
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INTRODUCTION



NATURE OF REPORT

The report herein presented is the second in a series of Annual Prog-
ress Reports describing and evaluating the findings of the Quality of Coast-
al Waters project of the Sea Grant College Program of the University of
Hawaii. It concerns project activities during the period 1 September, l972
to 31 August, 1973 �5 Sea Grant Year!. Because the research it reports is
a continuation of work described in the Fix'st Ann;<ui.;-r'oqress Retort  Lau
1972!, the reader is presumed to be familiar with, or to have access to,
the first report. Consequently, such matters as the need for study, organi-
zation for study, and methodologies are not herei~ presented in detail.
Instead, they are summarized in the narrative and only to a degree suffi-
cient to make the report self-contained and its findings understandable.

ORGANIZATION OF PROJECT

The Quality of Coastal Waters project is organized as a multidiscipli-
nary study structured into 14 areas of activity under L. Stephen Lau,
Director, Water Resources Research Cei ter, as the principal investigator.
Each project activity is headed by an associate investigator. Together all
investigators comprise a Project Control Group which coordinates the several
activities, determines the appropriate scale and duration of each activity
within the limits of budget and project objectives, and evaluates the
project findings. Individual activities are designed to bring the highest
possible level of competence to bear upon each aspect of the study. For
example, the concentration of heavy metals in soils, sediments, flowing
water and coastal water, and inorganic life is determined by specialists in
the detection and evaluation of metals in the environment; other specialists
are concerned with pesticides, human health, response of aquatic biota,
chemical pollutants, etc.; still others are concerned with such matt.ers as
the economic, institutional, sociological, planning, and informational
objectives of the project.

The project was designed to relate land development to the quality of
coastal waters by studying typical situations in which quality factors are
influenced by identifiable land use and land management practices. Undevel-
oped land was selected as the basic situation against which to compare
other situations in which land is dedicated ro sugarcane culture and mill-
ing, general agriculture, urban. communities, or industry. Comparisons
between situations involve both the nature of the activity upon the land,
and the chemical, physical., and biological pollutants which flow from the
land with surface runoff and sediments, or are discharged as wastewater by
man. The effect of these discharges is then measured in terms of the con-
centration of pollutants in adj acent coastal waters and sediments, and of
the nature and responses of aquatic biota or communities in such coastal
waters.

RATIONALE OF PROJECT

Several aspects of the rationale underlying the project are pertinent



to an understanding of the organization of the project, its objectives, and
the evaluation of findings presented in the annual reports.

lative to the Quality of Coastal Waters project, the further ratio-
specifically that:
Decisions are being made, or are abo~t to be made, which establish
federal and state policy, revise institutional arrangements, and
set the immediate goal.s and timetable for engineered systems for
environmental control,
Although environmental control decisions are essentially political
in nature, they do reflect to some degree the existing and fore-
seeable capabilities of technology and science, However, in no
sense do they admit of the time frame which the scientist might
wish in order that his judgements be based upon a thorough under-
standing of the interactions of natural phenomena and systems.
Society's decision to act now means that the QCK project can con-
tribute most effectively through:

a! Compiling, supplementing, and evaluating data on the sources,
nature, and effects of pollutants reaching coastal waters.

b! Making its evaluations continually known to legislators,
planners, and public officials, as well as to the scientific
commun sty.

c! Informing citizens so that public opinion and the causes it
engenders may emerge from understanding rather than from
transient ernotionalisrn.

Any individual situation selected for study cannot be expected to
define the limits of all situations of that specific type. For
example, the biota of waters fronting on undeveloped land may vary
widely from place to place and be subject to influences more subtle
than those to which the project is sensitive. Nevertheless, there
should be sufficient difference between the effects on coastal
waters of land used for various purposes to provide a basis for
intelligent control measures in specific situations.

Re
nale is

1,

OBJECTIVES AND APPROACH OF STUDY

The general obj ective of the project is to identify, develop, and
evaluate the critica.l physical, chemical, biological, and rational param-
eters needed in formulating effective institutions, policies, and systems

Relative to the overall Sea Grant Program, of which the project is a
part, it is expected by the granting agency  NOAA! and the Director of the
Program for the University of Hawaii, that:

l. The various projects which make up the Program should be coordi-
nated parts of a clearly defined whole.

2. The program and its projects should concern real problems of
environmental management and control and of the potential of marine
resources.

3. Sea Grant studies should be coordinated with other studies and
projects within the community and the University. to avoid wastage
of effort and to maximize the utility and significance of the Sea
Grant findings.



for protecting the quality of coastal waters in Hawaii,

Specific. objectives related to the principal objectives cited above
include the following:

1, To delineate the relationship between water quality standards and
the quality and ecology of receiving water environments.

2. To reveal the benefits of waste water management.
3, To recommend the measures and inst.itutional changes needed to

protect coastal waters.
4, To assess the social, economic, and political impacts of such

recommendations.
5. To provide an informational and educational service on coastal

~ater quality to all sectors of the community,

To attain these objectives the project was organized as outlined in a
preceding section. Both experimental and evaluative aspects were found
necessary. The approach in the experimental work was to identify the origin
of, and to measure the amounts and effects of, selected pol.lutants reaching
coastal waters via sediments and man-modified water discharges, Such data
in themselves are scientifically revealing and interpretable in terms of
engineered systems and land management alternatives.

The approach in the evaluative phase was to combine the experimental
findings with those of companion studies and with information available
from numerous agencies, to clarify the social, economic, and institutional
roadblocks and incentives to coastal water quality management.

THE FIRST ANNUAL REPORT

The first year's {04 Sea Grant Yr. Sept. 1, 1971 to Aug. 31, 1972!
progress report details an appraisal of coastal water pollution problems in
Hawaii, including the available quality and land use data for the field sites
selected for investigation in the project: Kahana {undeveloped land!, Sandy
Beach, Waikiki, and Hawaii Kai {urban development! on Oahu; and Kilauea and
McBr'yde Plantations {sugarcane culture and milling! on Kauai. Particular
emphasis was placed on the investigation at Kilauea because it provided an
opportunity for a "before and after" study of the effects on waste water
discharge as the mill ceased operations in November 1971 after over 90 years
of cont.inuous activity. Also completed in the first year was a special.
survey of the agricultural chemicals used in Hawaii and the factors contrib-
uting to their transport to estuaries, as well as several lesser studies
revealing the effects of sugarcane culture and urban land development upon
discharge of pollutants.

Results of the first year's research suggest that some of the effects
of man's activities may be more apparent than real, although the local con-
ditions have considerable significance in defining the total impact. Illus-
tr'ative of this is the fact that the coastal outfall plume of the canemill
waste water discharge at Kilauea Plantation on Kauai disappeared when mill
operations ceased. Moreover, the fish catch in the affected area began to
increase rapidly. Secondary-treated sewage discharged into Kaneohe Bay on
Oahu showed evidence of being harmful ecologically over a long time span,
but of an acceptable marine quality. In contrast, raw sewage discharged at



Sand Island is the cause of ecological damage within only a limited area,
and also considered definitely unacceptable. Other results show a wide-
spread distribution of DDT in soils and sediments as well as in water,
Appreciable concentrations of certain heavy metals were found in quality
standards -- nutrients and coliforms -- are exceeded even in waters of high-
est classification under pristine conditions.

SCOPE OF THE SECOND ANNUAL PROGRESS REPORT

The second year's report �5 Sea Grant Year: Sept. 1, 1972 to Aug. 31,
1973!, herein presented, is concerned with the continuation of all the field
and evaluative studies begun during the first project year �4 Sea Grant
Year!. Its major focus, however, is on the Kahana  undeveloped land! situ-
ation, and on Hawaii Kai  developed and developing urban Land!, with prin-
cipal emphasis on thc biological aspects of the research. Data are included
for the urbanized situations involving Waikiki, southern Oahu, and Sandy
Beach, southeastern Oahu, prior to termination of field work at the two
sites during the second year of study �5 Sea Grant Year! . Further results
on sugarcane situations at north and south Kauai, reported in detail in the
Fioat Annual Progreas Repor t  Lau 1972!, are reported for both the Kilauea
and McBryde plantation sites. Results of conjunctive and of supplemental
studies are reported, particularly on the fate of Mirex in the coastal
waters of Maui, Molokai, Oahu, and Kiholo Bay on Hawaii
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KAHANA BAY

I ntroduc t i on

Even under the most pristine of conditions, the biota of an estuary or
a bay exists in an environment which reflects some basic equilibrium be-
tween land development and coastal water quality. Because the extremes of
climatic conditions result in wide fluctuations especially after a rain-
storm in the amount of suspended and dissolved mineral and organic matter,
as well as in the volume of fresh water which carries it from the land,
these equilibria are necessarily d> namic, And because bathymetric and
oceanographic factors likewise affect a coastal water environment, no sin-
gle land-water situation can represent the full range of coastal water
conditions which might exist in Hawaii if all of its land area were still
in a state of nature undisturbed by man. Nevertheless, if even the overall
effects of land development by man are to be identified and intelligently
minimized, it is necessary to have some fundamental frame of reference.

Pursuant to the foregoing rationale, and with realization of its limi-
tations, Kahana Bay was chosen as a typical situation where the activities
of nature, rather than those of man, upon the land are the major determi-
nants of how discharges from the land affect the quality of abutting coastal
waters. Both the comparatively pristine conditions of the Kahana Stream
dr'ainage basin and its convenient geographical proximity to the Manoa campus
of the University of Hawaii support such a selection.

In utilizing Kahana Bay as the principal control situation against
which to evaluate the results of other land development situations -- agri-
cultural, industria.l, and urban -- it is understood that both the environ-
mental factors and the biota of coastal waters respond to other influences
far more subtle than the gross land use situations selected for study .
However, justification for making what the scientific purist might well
consider an extremely rough preliminary evaluatio~ is drawn from the fact
that organized society will seek to achieve its environmental goals through
its institutional arrangements even if it must proceed in total darkness.
Consequently, any evaluation which casts light upon the question of cause
versus effect, even though it may highlight only the dangers of unenlight-
ened action or inaction, is a useful guide to progress. Within such a
rationale Kahana Bay was judged suitable as a control situation for the
study.

Location of the Study Area

The geographical location of Kahana Bay and its drainage area, which
comprise the study area herein reported, is shown in Figure 2.1. Included
in the figure are other data pertinent to sections of the report which
follow.



FIBRE 2.1. LOCATION AMP DRAINAGE AREA, IVLFQbL4. BAY.
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Historical Notes

Like all valleys in Hawaii with a perennial stream, Kahana has had a
history of occupation since earliest Hawaiian times. Tlie environment of
the valley was especially conducive to the Hawaiian way of life and in pre-
discovery times probably sustained about 20,000 people  Bishop Museum,
reported in the Honolulu Star Bulletin, March 1, 1973!. The broad, flat
swampy lower portion of the valley would be ideal for taro and other water-
loving crops, and the abundance of perennial flow all the way to the 800-
foot �43. 84 m! clevati on and thc relatively gentle slopes below this level
would allow agricultural terracing along the main and tributary streams to
within a mile of the crest of the Koolau Range.

The first men from the western world to view Kahana were the members
of Captain Cook's expedition who sailed along windward Oahu in February of
1779, following thc death of Cook at Kealakekua Bay on the island of Hawaii.
Captain King, who replaced Cook as loader of' the voyage, in describing
windward Oahu, and especially the region of Kahana, from a vantage point
some distance off the coast recorded: "the coast, to the northward, is

formed of detached hills, rising perpendicularly from the sea, with broken
summits; the sides covered with wood, and the vallies between them of a
fertile and well cultivated appearance"  King 178', p. 86!. And later,
summarizing the voyage from Kaneohe to Waimea Bay as: "...the banks of this
river [Waimea], and i.ndeed the whole we saw of the Northwest part of Woahoo,
are well cultivated, and full of villages; and the face of the country is
uncommonly beautiful and picturesque"  King 17SS, p. 87!. When King made
his observations, the Hawaiian use of land and water was probably in a non-
destructive balance with the environment. But not many years after the
discovery, exploitation of the land induced by non-Hawaiian economic motives
initiated environmental changes that are still taking place.

Vancouver, the second great English explorer to visit Hawaii, intro-
duced grazing aniinals to the islands just over a decade after Cook's ori-
ginal discovery. These animals alighted in an ecosystem that had experi-
enced no greater mammalian ravages than those wrought by rats, pigs, and
dogs. The fertile valleys were open to grazing and the fragile natural
biota suffered from the experience. Over the next century and a half the
forests of the accessible portions of Kahana were continuously ravaged by
cattle and goats. Not iong after the introduction of these exotic animals
the native Hawaiian sandalwood tree became an important item of commerce,
and its ruthless harvesting further decimated and destabilized the forests.

By the middle of the nineteenth century the symbiotic equilibrium be-
tween Hawaiian agriculture and the natural environment had faltered and by
the last quarter of the century had given way to an agriculture based on
rice. The broad lower portion of Kahana Valley with its abundance of water
and heavy soils was covered with rice paddies. By the turn of the century,
however, locally grown rice was being displaced by inexpensive rice imported
from California. In 1910 the lower part of the valley became part of Kahuku
Sugar Company and was planted with sugarcane for the next 25 years. The
plantation railroad was extended to the valley, and an artesian well was
drilled near the mouth of the stream.
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jn the me antime the sugar plantations in arid leeward Oahu had become
interested rn the pc] enni aI »uter s ilraining from the windward Koolau Moun-
tains, and to divert this water hnd started in 1913 to bore through the
range between 3Vn 3awa Va 1 Icy o» thc lccwarcl si<lc and 1>' iahole on the windward
A tunnel tl>rough the range was comp lc tcd in 1916, anil hy 1921 a collection
tunnel had 'been con 't route'0 a loni', the windw crd side of the range at an
elevation ranging from 700 to»i'00 3 t  '13.3o to 243.84 m! from IVaiahole to
the midd]c ot the Kahana bus tn. The average col lection froa3 Kahana Valley
amounted to ". mgd   'h,499 cu m/dai ! until l929, when a development tunnel
striking normal to the mou31tnin rang< was s'tartcd at. the 800-foot   43.84 m!
elevation near the head of the val icy.

Construction of thc develo13ment tunnel took place bet«ccn Apri I 19 9,
and,January 1931. The tunnel. has a length oi 19:5 ft �01.98 m!, str ikes
Sbh'W, about normal to thc strike «f the dil'c one and t: he range crest, and
yield» a del~endal~!e flow ot nearly 4 mgil. �8,140 -il m/day!. Between 1929
and 1936 an enormous <luant i ty ot water drai noel from storage behrnd the
Ji} cs, but by thc cnd ot 1930 drain;~go had reached the ecIui librium base,
and thc total average output of s«rtace and tunnel water to thc collector
s> stem totalled only 7 atgd ~2o,493 cc3 m/day', cxai-.tly the same as had been
obtained bc fore construct ion i!f' the tunnel.

The abandonment of sugarcane cultivation in about 1930 and the control
of cattle grazing in the forested regions during this century have resulted
in a new enivonmental equilibrium asserting itself in the valley which,
superficially at least, would appear to resemble the closed conditions of
the original forest. ln Kiorld <Var 11 and for. some years thereafter, the
valley was used on a small scale as a. military training ground, but since
about 1950 the upper 3 mi �,827 km'l, of a total length of 4 mi �.436 km!,
of the valley has suffered li ttle more intrusion than the occasional hiker,
pig-hunter, or scientific investigator. The lower part of the valley is
occupied by about 30 fami lie.s who raise some cattle and farm to a limited
extent, but the present use is minimal in comparison to the intensive cul-
tivation of the early I!awaii ans and the later Oriental rice farmers. The
State is in the process of negotiating for the purchase of the entire valley
which is destined to become a public park.

Kahana Valley ha» a total area of 8.38 sq mi �1.70 sq km!. From the
seacoast to the Koolau Range crest, the distance is 4 mi �.436 km!, and
the average elevation of thc Koolau crest margin is about 2500 ft �62.0
m! .

Cl imdte

Kahana lies within the windward climatological province and includes
both the lowland and mountair, subdivisions. The valley recieves a bountiful
rainfall throughout the year, the annual averages ranging from 60 in.
�S2.40 cm! at the most seaward promont-ries to nearly 300 in. I;762.0 cm!
near the crest of the Koolau Range, Rainfall increases nonlinearly inland,
probably exponentially with distance toward the crest, as a consequence of
orography. A long-term rain gage at kahana tunnel  800-foot [243.84 m] ele-
vation! shows an annual average of 240 in. �09.60 cm}, and an annual
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median of 258 in. �55.32 cms!  Taliaferro 1959!, The maximum rainfall
recorded at the gage was 355 in.  901, 70 cms! in 192; .

Temperatures are equable with a sea level annual average of 74 F
�3,31'C!. At elevations above 800 ft �43.84 m!, the integrated average
temperature must equal 65'F �8.32'C!, the temperature of the water that
drains from the Kahana development tunnel. The minimum temperature in the
valley probabl> falls between 50 F �0'C! and 55 F {12.77 Cj, and the maxi-
mum in the neighborhood of 90'V �2.19 C!. Normal relative humidity ranges
from 65 to 80 percent.

The dominant winds are tradewinds from the northeast and occur 80 to
90 percent of the time. These winds flow off the relatively stable high
pressure anticyclone lying about 30 degrees north latitude of the Hawaiian
archipelago. During the winter months, November through March, the anti-
cyclone weakens and is occasionally replaced by cyclonic circulation which
may bring storms, either as cold fronts from the northern quadrants or large
tropical depressions  Kona! from the south.

Total rainfall and its distribution is dominated by thermal contrasts
and trade wind flow which carries moist marine air across the land and up
the mountain slopes, resulting in orographic uplift Cooling causes con-
densation and rain from thc clouds. The nonlinear increase in rainfall with
distance inland is manifested by very large increases over short distances,
particularly within the valley. The act that at the Kahana Tunnel rain
gage, August, when air flow is almost exclusively anticyclonic, is the
wettest month illustrates the dominance of orographic phenomena in account-
ing for the largest share of the annual rainfall,

The median rainf'all for August at the tunnel is 23 in. �8.42 cm!
 Taliaferro 1959! and for July, the second wettest month, it is 22 in.
�5.88 cm!. March, a transitional month as the weakened anticyclone of the
winter months becomes stronger, follows with a median of 20 in. �0.80 cm!.
Next in order are April, February, November, May, January, June, September,
and finally October, the driest month, with a median of 14 in. �5.56 cm!.

While trade wind flow produces most of the annual rainfall, the most
intense rainfalls derive from cyclonic storms. These storms tend to uni-
formly blanket the valley, and this feature, coupled with the high i.nten-
sity of the rainfall, results in large instantaneous volumes of runoff.
Erosion and sediment movement is more pronounced during the ensuing floods
than during the relatively modest runoff from trade wind rains. The prob-
able maximum 24-hour rainfalls given in Ku �967! suggest the intensities
of the rainfall and subsequent floods: the 100 year 24-hour expectable
rainfall at the crest of the range is 22 in. �5.88 cm! and at the coast,
15 in. �8.10 cm!; the probable absolute 24-hour maximum in the valley is
50 in. �27.00 cm!.

The highest average stream flow in the basin as shown by the records
of USGS gage 16296500 occurs in March, April and May, when the average daily
runoff falls between 50 and 60 cfs  80 and 136 cu m/min! as compared to the
annual average of 35 . 9 cfs �1 . 03 cu m/min! USGS 1971! . The lowest average



daily flows I'about ZS cfs or 42.8 cu m/min! are in July, August, and Septem-
ber.

Instantaneous maximum flows, based on the six-year record given in
Water Supplv Paper 1937  USGS 1971! are most common in April and May, with
the greatest instantan<.ous flow of 5430 cfs  9231 cu m/min'1 having occurred
in April of 1963. The average maximum for April is 17'50 cfs I2978 cu m/min!
and for May, 942 cf» �601.0 cu m/min'!. The average maximum in August is
only 134 cfs �27,8 cu m/min!, and in Septembei', 148 cfs �51.6 cu m/min!,
It i.s obvious from these statistics that floods are not a function of the
totiil average monthly rainfall  since August records the highest average!
but of the origin of the rain. Althougii the trade winds produce the most
rainfal1 throughout the year, cyclonic storms cause maximum instantaneous
stream runoff. Also, the greatest runoffs are not associated with the
winter months of Iiecember through February, but «ith the transitional months
�1arch, April, May} that lead to deep summer  June, July, August, September!
and those  October, November! that pass from sumnier to ~inter.

Geology

All of Kahana Valley falls within the dike region associated with the
major rift zone of the Koolau Volcano. The rift zone trends northwestward
from the main caldera of the volcano centered approximately in the Kailua
area of windward Oahu, The subaerial portion of the Koolau Volcano was
formed in the interval between 2.6 and 1.8 million years ago t'Doell and
Da lrymple 1973! .

The primary rocks of Kahana Valley consist of basalts and olivine
basalts of the Koolau volcanic series. Uncompacted recent sediments occur
in stream channels and a semi-indurated older alluvium is found in the
valley at lower elevation. Near the coast a wedge of deltaic-marine sedi-
ments overlies the basalt. The dominant. geologic feature in the valley is
the dike zone. To the southeast of Kahana the dikes strike predominantly
N55 W from the caldera region but the strike directio~ changes to about
N35 W in Kahana. The dikes are chemically identical to the volcanic flow
rocks.

The dike region may be divided into two components called the dike
complex and the marginal dike zone. The essential difference between these
components is the frequency of occurrence of dikes across the trend of the
rift; the complex has many more dikes per given distance than the marginal
zone. In some areas the transition from one to the other is gradual and
thus boundaries are loosely defined. In general, however, the change from
the closely spaced dikes of the dike complex to the widely spaced dikes of
the marginal zone is marked, allowing rather precise boundaries to be
mapped.

DIXE COMPLEX. The dike complex is widest at the caldera and gradually
narrows northwestward. In Kahana Valley it has a width of at least 6600 ft
�011.68 m! and extends from elevation 270 ft t:82.30 m! in the stream to
the range crest.

The nature of the dike complex is best exhibited in tunnels that strike



normal to the trend of the dikes. Kahana Tunnel cuts 28 single dikes and
l2 bands of multiple dikes in its length of 1900 ft  S79.1 m! . The
measured total thickness of dike rock in the tunnel is 5. S it  L76.17 m!,
or 30 percent of the total exposed rock mass, The average width of single
dikes is 5.5 ft  L.bg m!, and the maximum width 10 ft �.05 m! . ~1ultiple
dike bands are much wider, averaging 55 ft  lb. 76 m'l .

MARGINAL DID ZONE. In the marginal dike zone no
cent of the rock mass consists of dikes. Thus, a
occur between dikes or bands of dikes. In Kahana
zone inc ludes the ent i re lower va I ley and ext ends

more than about l0 ner-

large mass of lava flows
Valley the marginal dike
o f f shore.

The marine-deltaic sediments are restricted to elevations below about
30 ft  9.14 m! . They extend approximately 5000 ft �524 0 m! inland and
have a maximum cross-valley width of about 3000 ft  914.40 m! . The sedi-
ments consist of alluvium, deltaic muds, and marine muds and calcareous
layers, of which fossil coral reefs may be a component. They form a cap-
rock over the underlying basalt aquifer, In lower Kahana a single well
penetrated l60 ft �B.77 m] of. sediments before reaching the Koolau volcanic
series.

VALLEy ALLUVIVM, 2'ALUS, AND BRECCIA. Above an elevation of approximately
30 ft  9.14 m!, coinciding with the Waimanalo Stand of the sea, the sedi-
ment.s consist of talus and stream-laid alluvium, These sediments may be
conveniently combined in the term "taluvium" because they are intimately
connected in mode of formation and deposition.

An older, compacted taluvium occurs in main stream valleys to eleva-
tions of several hundred feet; overlying it are loose, obviously more re-
cent sediments. The older taluvium predates the marine-deltaic sediments
at the mouth of the valley and probably underlies them. It thickens sea-
ward but is probably less than 50 ft  L5.24 m! thick at its maximum. The
younger taluvium is everywhere in the stream valleys as a discontinuous
thin layer of unconsolidated debris, ranging from silt to boulders.

Pat.ches of breccia have been mapped in Kahana Tunnel, and in Kahana
Stream at elevations between L50 and 200 ft �5.72 and 60.96 m!. The brec-
cia is a highly compacted, indurated mass composed of angular rock frag-
ments in a compacted fine-grain matrix. Its significance and overall ex-
tent have not yet been elucidated.

SOILS. The soils of Kahana Valley have been described b> Swindale  L966! .
The soils range from undifferentiated lithosols on steep slopes to heavy
marine-deltaic muds in the lower valley. All soils above an elevation of
about 30 ft  9.L4 m!, that is, higher than the last persistent positive
sea level stand  Waimanalo Stand! of about L25,000 years ago, are moderately
to well drained. Below 30 ft  9.L4 m! the soils are generally poorly
drained.

COPSY'AL PLAIN. The lower reach of
underlaid by a wedge of marine and
dike zone. The bounding ridges of
and plunge directly into the sea,
Kahana Bay.

Kahana consists of a small coastal plain
deltaic sediments covering the marginal
the va1 I ey, however, are sediment- free
The platform of sediments extends into
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The soils derived from parent basalt and its colluvium are well struc-
tured, porous, and permeable. Thc most extensive representative of these
soils belongs to the 'Waikanc Series, a wcl 1-drained latosol covering "600
acres or 1083.0 ha  about 50 percent! of the drainage basin. Other well-
drained differentiated soils  excluding lithosols! total an additional 223
acres  90 32 ha!. 1'oorly-drained soils, in particular the Kaena series
and Ilanalei series, cover 364 acres �47.4 ha or 6.4 percent of the valley,
and lithosols cover the remainder of the basin. Evidence of former taro
and rice agriculture in the lower valley is illustrated by the occurrence
of 76 acres �0.78 ha! of dark gray, poorly-drained paddy soil.

Geomor pho1 ogy

As indicated in Figure 2.1, Kahana Valley, the largest valley in wind-
ward Oahu, reaches four miles from Kahana Bay to the top of an amphitheater
pali whose maximum elevation is nearly 2700 ft  822.96 m! at the crest of
the Koolau Range. Sharp ridges parallel to the stream and normal to the
range crest form the lateral boundaries of the valley, The stream drains
a total area of 8.38 sq mi �1.70 sq km!.

Kahana is a deep, U-shaped valley, which is steep and rugged at its
inland margin but broad and flat near the sea. Kahana Bay is the submerged
portion of the ancient: Kahana Valley. Thc present estuary of the stream
is a mile  I . 61 km! long, up to 250 ft �6. 20 m! wide, and covers approxi-
mately 14 acres �.67 ha! .

Within the valley many small tributaries drain into two main branches
that merge to form a single large stream about 2 I/2 mi �.02 km! inla~d.
A large tributary, Kawa, joins the main channel about one mile �.61 km!
above its mouth.

DYNAMIC' EQUILJBRIUM.
ancient caldera near

at their headwaters.

and, in fact, appear

All of the valleys of windward Oahu from Kahana to the
Kai.lua have a mature U-shape bounded by a steep pali
The valleys north of Kahana are less well developed

to be geomorphologically considerably > ounger than Kahana

The valley can be divided into four natural sectors for descriptive
hydrologic purposes. The sectors are bands parallel to the coast except
for Kawa Valley, which is an entire drainage basin. At the headwaters of
the valley, the region between elevation 800 ft �43.84 m! and the crest of
the Koolau Range, may be called the Upper Valley. This region encompasses
the extremely steep slopes above the Waiahole Ditch system and has an area
of 0.86 sq mi �.23 sq km!. The region between the 30-foot  9.14 m! ele-
vation, where the USGS stream gage is located, and the tunnel system may be
called the Mid Valley, and has an area of 2.88 sq mi [7.46 sq km!. The
stream slope in this portion of the valley is less than 5 . Kawa Valley,
which encompasses 1.90 sq mi �.921 sq km!, may be treated as a separate
sector because of its size and discreteness. The Lower Valley, stretching
from the bay to elevation 30 ft  9.14 m!, consists of 2.41 sq mi �.24 sq
km! of a flat, broad plain which includes the estuary. In addition to tl'ese
four sectors, 0.33 sq mi  .8S sq km! of headlands drain directly to the bay
rather than to Kahana Stream.



and thc valleys to the southeast. This poses a fundamental problem in
unravelling the erosional history of the island because the basic conditions
of erosion, rainfall and rock type, are similar for Kahana and the windward
val leys to t.he north~est and southeast of it, and it has been assumed that
no age hiatus occurred in volcanic activity between the two sectors. The
considerable difference in valley shape between the apparently mature
valleys and the less developed ones is clearly i llustrated in Figure 2.2
which shows the longitudinal profiles of several windward valleys, including
punaluu, which lies immediately adjacent to Kahana on the north. Whereas
Kahana has a relatively smooth prof i le, that of Punaluu is unsymmetrical
and the channel throughout its midsection lies considerably above the chan-
nel of Kahana. Nevertheless, Kahana and Punaluu are geological ly and
climatologically similar. A possible reason for the difference in the
valley shapes may depend on the location of the dike complex; in Kahana and
to thc southeast of it the dike complex lies to the windward of the range
crest, while it pinches out near the crest at punaluu and does not occur
any farther to the northwest. Under erosional attack the dike complex may
be less stable than either the marginal dike zone or regions of normal flow
lavas.

The shape of Kahana Valley, according to traditional geomorphic con-
cepts, suggests that it is a mature valley served by a graded stream. This
static description may be enhanced by relating the valley to the concept of
dynamic equilibrium  Leopold and Langbein 1962!, which asserts that the
action of a stream in eroding and depositing sedimentary debris is such that
the total work done is minimized. Restated in its most simple form, dynamic
equilibrium is equivalent to input-output continuity. Thus, over a long
period of time the quantity of material that is eroded within the basin will
equal the quantity that moves out of the basin. Over short time intervals
the shape of the basin continuously readj usts to a least work shape, which
according to Leopold and l.angbein is expressed as an exponential longitudinal
profile when base level dominates the adjustment of the valley, as it does
in !hawaii.

Figure 2.2 illustrates the equilibrium condition of Kahana Valley.
Throughout most of the valley the longitudinal profile follows a single
exponential t~end, although toward the crest and near the distal margin of
the stream the profile sharpens. The crest region is probably too steep to
be in equilibrium, perhaps because it falls within the dike complex, while
at the distal end of the profile it is likely that the stream profile is
steeper than in mid-valley as a result of transitory adjustment to the low
sea level of the Flandrian Regression  -l00 meters! of circa 15,000 > ears
before present. For comparison, the profile of a valley  Waiahole! to the
southeast of Kahana is plotted, as are profiles for Punaluu and Kaluanui to
the northwest.

The geomorphic maturity of Kahana Valley implies that the sediment
which is carried to the bay by the stream is predominantly in suspended
form and secondarily as fine grain bed load. Large sedimentary particles
caused by mass washing within the valley must be reduced to fine particles
before the sluggish stream can transport them from the basin, The estuary
acts as a holding basin for the fine sediments, which are flushed to the
bay during high stream flows.
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The nature of erosional products leaving the valley has changed with
time. During the period of isostatic adjustment {sinking! of the island,
mass wasting under disequilibrium conditions dominated erosional output.
Later during eustatic changes in base level, mass wasting occasionally domi-
nated, such as during the Kaena Stand {100 ft or 30.48 m! of the sea of
approximately 450,000 years ago, hut geomorphic equilibrium was approached
until by the time of the Waimanalo Stand {25 ft or 7.62 m! of about 125 F 000
years before the present, fine grain sedimentation was characteristic. As
mass wasting decreased in volume, chemical erosion has become the source
of much of the erosional output from the drainage basin.

Hydro1ogy

As explained in the section on climate, rainfall in Kahana is bounti-
ful, ranging from an average of 60 in {152.4 cm! per year at the most sea-
ward headlands to 300 in {762 cm! per year at the c.rest of thc range. The
average annual isohycts increase nonlinearly, msot probably exponentially,
with distance from the sea toward the crest. Trade wi.nd orography produces
more of the total rain than does cyclonic circulation. The trade wind
rainfall is characterized by showers, which although not as intense as
cyclonic rain, occur morc persistently throughout the entire year.

lt is not certain that all of the unevaporated or untranspired rain
that falls withi~ the topographic limits of the drainage basin eventually
finds a way to Kahana Bay; some infiltration may move as groundwater to the
leeward of the crest, and another fraction may flow to Kaikane Tunnel of the
Waiahoie System lying to the southeast of Kahana. In either case the quan-
tity leaving the surface drainage limits of the basin would be small,
probably within error of hydrologic budgeting. On the other hand, it is
likely that groundwater drains to Kahana from Punaluu Valley in a signifi-
cant amount .

SURFACF, WATER. Kahana Stream is the largest stream or> the windward side of
Oahu It originates in the dike complex and runs across the marginal dike
zone, normal to its trend, before emptying into Kahana Bay In dissecting
the dike complex and marginal dike zone the stream acts as a drain for dike-
impounded groundwater. As a result, it is a continually gaining stream
from headwaters to mouth.

All of the stream and groundwater above the 800-foot elevation is
collected in the transmission tunnel of Qahu Sugar Company's Hiaiahole Ditch
system and removed from the valley. The 800-foot {243.84 m! contour is the
approximate limit of the smoothly increasing gradient of the stream; above
800 ft {243.84 m!, the headwaters consist of step-li.ke cascades which flow
only during rainy periods.

The deep position of Kahana Stream relative to the valleys to the
north, in particular Punaluu Valley, enables it to capture a significant
amount of the dike wate~ that passes below the Punaluu channel. Relative
to a base line along the coast, parallel to the dike trend, the comparable
elevations of Kahana and Punaluu Streams approximates the expression:
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006' H 1 635
k ' p

where H is the elevation of Kahana Stream and H the corresponding eleva-
tion of Punaluu Stream. For example, whereas " the channel of Punaluuk

Stream is at the 400- foot elevation, the Kahana Stream elevation is only
lip ft. This relationship is most applicable in the mid-portion of each
val lev,

The tact that Kahana is a much deeper stream than Punaluu well into the
dikes zones makes rt a highly efficient drain of underflow from the Punaluu
region. In much of the windward area there are two chief zones of natural
dike water discharge, The higher occurs at elevations from about 600 to
800 ft I,182.88 to 243.84 m!, the upper limit of talus slopes, and repre-
sents overflow from dike compartments; the lo~er one occurs at about 200
ft �0.96 m! and represents underflow from dike compartments where the rela-
tively impermeable plaster of weathered talus is breached. Nihile a signi-
ficant portion of the groundwater component of Kahana Stream originates
from the lower zone of dike discharge, a very large fraction of the base
flow oi Punaluu Stream comes fram the higher zone.

Continuous measurements of surface flow in Kahana have been made since

19SR at USGS gage 16296S00 located at elevation 30 ft  9.14 m! about 6000
ft �828.8 m! from Kahana Bay. The !Ionolulu Board of Kater Supply has made
numerous measurements of stream flow at the 115- and 145-foot �S.OS2 and
44. 196 m! elevations from 1958 through 1962 and at other elevations in
1927-28. In reporting on the suitability of' Kahana for groundwater develop-
ment, Mink �964! summarized all flow measurements calculated as the 90
percentile flow, the minimum flow expectable 90 percent of the time, The
90 percent flow  gqrr! was selected as the standard of comparison because it
indicates the average base flow of the stream free of storm runoff Table
2. 1 is taken from Mink ' s 1964 report .

Table 2.1 clearly indicates the increase in base flow of Kahana Stream
as elevation decreases. Using the USGS gage as the standard, rati,os and
absolute values of r2so for drainage areas above given elevations are listed,
as are the changes that take place between the given elevations. The great-
est gain in flow occurs between 300 and IIS ft  91.44 and 35.0S m!, where,
over a drop in elevation of 185 ft �6.398 m!, 52 percent af the  so at
the gage is accumulated.

Kawa Stream adds a g9rr of 1.6 mgd I'6056 m /day! ta the mainstream below
the USGS gage, but between the confluence and the bay less than I mgd �785
m /day! is added to base flaw because the deep sediments of the lower valley3

retard discharge of groundwater into the stream.

Figure 2.3 is a flow-duration curve for Kahana Stream at the USGS gage
station  Mink 1964! . Although it is based on fewer measurements than now
available, its general form and statistical parameters are likely to closely
approximate a curve based on the longer period of record. The average flow
at the gage for the period of measurement through 1971 is 24.8 mgd  93,868
m'/day!.

FLOODS. Earlier it was pointed out that the highest instantaneous flows



TABLE 2.1. SLP+IARY OF THE 90 PERCENTILE  gyp!
STREAM FLOW OF K/~blA STREAM.
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MEASUREFKNTS AT 220 AhO 180 FEET TAKEN BY THE USGS 5IfCK 1960.

ALL WATKR ABOVE 800 FEET iS DIVERTKD TO TH% WAIAhg!LE WATER SYSTEM. AVERAGE F~ FOR
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 floods! in kahana most often occur in the months of April and May, the
period of transition as the anticylcone northeast of the archipelago moves
toward its stable summer position. However, storms giving rise to floods
may occur anytime throughout the year. Maximum instantaneous flows measured
at the USCS gage for the period 1960-1971 are given in Table 2.2  Nakahara
and Ewart 1972! .

TABLE 2.2. MID JAUNE FLOWS USGS GAGE 16296500, UMAA
ELEVATI0N 30 FEET.

FLOW

 cfs! mgd!
WATER

YEAR DATE

It is noteworthy that only the months of February,,June, and September do
not record the maximum for any year.

From the data in Table 2.2 the probable recurrence interval of floods
of given magnitudes may be computed by using the relationship

N+ 1
M

where T equals recurrence interval in years; N equals number of years of
record; M equals relative flood magnitude, obtained by assigning the highest
annual flow a value of 1 and numbering serially the others in order of mag-
nitude. By plotting the log of each flood magnitude against the log of its
computed recurrence interval and drawing a line of fit, flood frequencies
may be estimated beyond the period of record  Fig. 2.4!,

Another way of estimating flood frequencies is by use of the log-Pearson
Type III method Data and computations for Kahana using this method are
given in Table 2. 3  from Progress Report 36, State of Hawaii Department of
Land and Natural Resources!, and arc also plotted on Figure 2,3,

The two methods agree reasonably well within the data limits but di-
verge appreciably for times beyond 10 years. The expected 100-year flood by
the first method is 10,000 cfs �7,000 m'/min!, but only 6211 cfs �0,588.7
m /min! by the log-Pearson II method.

1960
1961
1962
1963
1964

1965
1966
1967
1968

1969
1970
1971

05/12
10/17
11/01
04/15
07/25
02/04
11/14

08/09
12/08

12/01
01/27
11/25

1580 �021.!
1810 �170!
3510 �269!
5430 �510!
3060 �978!
4120 �663!
3110 �010!
3780 �443!
4180 �702!
4620 �986!
2950 �907!
3780 �443!
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TABLE 2. 3. FLOOD FREQUENCIES KAIiAIVA STREAM: LOC-PEARSON
TYPE I I I METHOD.

MAGNITUDE

cts  mgd!
RECURRENCE INTERVAL,

yrs
EXCEEDENCE
PROBABILITY

SOURCE.. DEPARTMENT OF LAND 6 NATURAL RESOURCES PROGRESS
REPORT 36, 1970.

It is somewhat surprising that the maximum recorded flood in Kahana or,
a unit area basi , 1452 cfs/sq mi  953.964 m /min/km !, is less than for
Waikane, 4000 cfs/sq .ai �628.0 m /min/km !, where the average annual rain-
fail is much smaller. Even the projected 100 yr flood in Kahana would be
less on an areal compariso~ than the maximum flood already recorded in
Waikane.

Wu �967! suggested a formula for the 100-year flood in windward Oahu
based on watershed area, stream length, watershed height, and probable I 0-
year maximum 24-hour rain. When applied to Kahana, however, the computed
value is 29,050 cf. �9,385.0 m /min!, which is considerably in excess of
predictions made by standard methods.

GROUNDWATER. All of the groundwater in Kahana Valley occurs within the dike
zones. Near the coast local Ghyben-Herzberg conditions probably occur within
the marginal dike zone.

Dike water refers to groundwater occurring in aquifers bounded b> dike..
The confining dikes may range from being nearly completely impermeable to
being quite leaky. Normally the dikes effectively restrain the movement o-
water through them until a head builds up that forces flow through na ural
openings such as fractures The rate of flow through these openings may be
too low, however, to drain all of the water moving through the compartment
sn which case the water level increases until it overflows the compartment
which has been truncated by erosion. The compartment is used in the sense
of a prism of flow rocks bounded laterally by parallel dikes but open at
either end. Water moves preferentially along the trend of the dikes. Under
natural conditions an average steady state prevails in which water moving
through a given unit cross-section between dikes is balanced by the quanti-
ties that overflow the section, pass through the restraining dikes, and con-
tinue down the trend.
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Dike water is subdivided into that which occurs within the dike complex
and that in the marginal dike zone. The groundwater of the dike complex is
restrained in permeable flow rock intersected by many dikes, causing innumer-
able small aquifers. In the marginal dike zone the aquifers between dikes
are relatively large but well-bound.

Both the dike complex and the marginal dike zone carry large quantities
of groundwater. Above the 800-foot �43 84 m! elevation, which lies in the
dike complex, all of the water passes into the Waiahole system. Of the
average 6.9 mgd �6,ll6. 5 m /day! that leaves the valley via the transmission
tunnel, 3.8 rngd  I4,383.0 m /day! is groundwater from the development tunnel.

The dike complex extends from the crest of the range down to about the
270-foot  82.296 m! elevation in the mid-valley. Between elevations 800 and
270 ft �43.84 and 82.30 m!, the dike compartments are saturated but a plas-
ter of talus and alluvium in conjunction with many intersecting dikes pre-
vents easy discharge into the streams. Small swamps are common on flat
areas between streams because the water table is at the surface. From this

part of the dike complex the Qnn, which may be considered the groundwater
component of stream flow, is about 4 mgd �5,140 rn'/day!.

The rocks of the marginal dike zone are saturated with water, some of
which does not discharge into Kahana Stream but leaves the area as underflow
either into the caprock sediments or the sea. The uppez portion of the zone
between the 30- and 270-foot I'9.144 and 82.296 m! elevation contribute about
5.5 mgd �0,817.5 m /day! to gsn at the USGS gage. Kawa Stream is almost
entirely in the marginal zone.

Below the approximate 30-foot elevation, the stream flows over marine-
deltaic caprock sediments and no longer drains the marginal dike zone. The
underlying dike compartments are saturated and leak into the caprock and the
sea. Continuity with the sea exists and therefore a small Ghyben-Herzberg
lens occurs along the coast within the marginal dike zone. Active springs
of the shoreline show chlorides of up to 100 ppm, while the range in a well
�05! drilled through the caprock into the basalt varies from 30 to 50 ppm.

Hydrologic Budget

A gross water budget for Kahana Valley is given by Takasaki et a.l
�969!, but for computations of mass output of dissolved solids and of sedi-
rrrents to the bay a more refined hydrologic analysis had to be made for this
study. Hydrologic budgeting is based on averages over reasonably long
periods and balances input of water against output, assuming no change in
either ground- or surface water storage over the averaging period. In
Kahana Valley limited measurements of the input variable, rainfall, and good
measurements of an output variable, surface flow, are available. Rainfall
has been recorded at the 800-foot �43.84 m! elevation for more than 40 years
and occasionally near the seacoast. Continuous surface water measurements
have been made at the USGS gage at the 30-foot {9.144 m! elevation since
1958 and at the Kahana Tunnel at 800 ft �43.84 m! since 1929. Many mis-
cellaneous stream flow measurements have also been made in the valley; the
first on record was in 1911  Lippincott 1911!. All of the other variables
in the hydrologic equation, as well as much of the rainfall and flow volumes,



27

have had to be inferred.

The topographic and hydrologic boundaries of Kahana Valley do not coin-
«ide; groundwater moves into the valley chiefly from Punaluu and flows from
the upper valley to the leeward side of the Koolau Range and probably also to
Waikane Valley. The input-output equation for the drainage basin is;

P+U.= ET+ D+1+U
1 0

in which P is rainfal 1 over the basin, U- is underflow into the valley from
1

outside the surface drainage boundaries, ET is evapotranspiration, D is
direct runoff, 1 is infiltration, and U is underflow from the valley. At

0the mouth of the valley the total surface water flow, S, is composed as
follows:

S = aD + bU + cl
1

where a, b, and c are fractions. Not all of D discharges to thc sea because
a portion is diverted to the Waiahole system. Groundwater flow to the bay
consists of fractions of U- and I.

1

Because of the water development proj ect at the head of the valley and
the location of the USGS continuous flow measurement station relatively close
to the inland edge of the estuarine port.ion of the stream, for hydrologic
budget purposes the valley can be conveniently divided into four major units
and a minor one, which consists of headlands draining directly to the bay.
The major units are:

1! The Upper Valley, bounded by the Waiahole transmission tunnel running
along the 800-foot �43.84 m! contour elevation and the crest of the range,
totalling 0. 86 sq mi �.227 km !. All of the surface water, except during
periods of heavy flooding, flows to the transmission tunnel; most of the
groundwater drains to Kahana Tunnel but some also moves to the leeward side
of the Koolaus and some to Waikane Valley, Flows have been diverted from
this part of Kahana since 1916.

2! The Mid Valley, consisting of 2.88 sq mi �.459 km ! and extending
from the 30-foot elevation  9.l44 m! to 800 ft �43.84 mJ as measured in
the stream channel

3! The Kawa Stream Valley, with an area of 1.9 sq mi �.921 km ! and an
elevation range from 25 ft to 2265 ft �.62 to 690.372 m!. Kawa meets the
main Kahana Stream a short distance below the USGS gage. Numerous miscella-
neous stream flow measurements have been made at the mouth of Kawa Stream.

4! The Lower Valley, comprising 2.41 sq mi �.242 km ! including Kahana
Stream between the bay and the Kawa-Kahana confluence. This sector includes
the estuary and the stream underlaid by sediments which thicken toward the
coast. Stream flow measurements are'extremely diff'icult to make in the
estuary, although a few miscellaneous measurements are available.

The headlands that drain directly into the bay have a total area of
0.33 sq mi �.8547 km !. They contribute surface runoff and groundwater
flow from smal.l Ghyben-Herzberg lenses into the bay.
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Figure 2.5 is a flow diagram of the budget components for each sector
showing the relationships among the sectors and to the ultimate flows to
Kahana Bay. ln computing the components measured quantities were used where
available, and elsewhere inferred values based on hydrologic analogies were
employed Al 1 components are given in mgd  million gallons per day! .

Rainfall was computed from an isohyetal map  Board of Water Supply 1963,
p. 2S!, Evapotranspiration was derived from the relationship given by Taka-
saki et al, �969, p. 22!, in which pan evaporation is indicated as decreas-
ing nonlinearly with rainfall. Evapotranspiration is assumed equal to pan
evaporation, a relationship established for sugarcane where adequate water is
available to meet potential requirements of the cane. The rainfall through-
out Kahana is considered high enough to provide sufficient moisture to satisfy
potential evapotranspiration demands. ln the Upper Valley direct runoff and
groundwater flow have been continuously recorded in the transmission tunnel
for more than five decades.

For the Mid Valley total runoff is recorded on a USGS gage. Groundwater
flow into the valley from outside its topographic boundaries was computed as
the difference between the sum of the total runoff and evapotranspiration,
and the total rainfall. The miscellaneous stream measurements in Kawa Valley
and the Lower Valley were correlated with the longer record at the Kahana
station to yield estimates of flow. For the areas directly tributary to the
bay, groundwater flow was approximated from the Darcy equation, assuming a
head of S ft �.524 m! and a hydraulic conductivity of 1000 ft/day �04.8
m/day!.

Geochemistry

Kahana Valley consists of a monolithologic terrain except for marine
detritus in the Lower Valley. Parent rock is exclusively basaltic in com-
position; the only lithologic products not derived from Koolau basalt are
calcareous marine sediments near the bay and in the caprock wedge at the
mouth of the valley. The normal weathering sequence culminating in latasolic
soils prevails except below the approximate 30-foot  9.144 m! elevation where
marine submergence has given rise to heavy plastic soils.

Warm temperatures and high rainfall weathered parent rock containing
few resistant minerals have produced saprolite thicknesses of up to 100 ft
�0.48 m! in favorable locations. Saprolite is thin, or transitory, on the
steep slopes at the head af the valley and along the lateral ridges. Also,
as the gradient of the stream channel increases toward the Upper Valley it
incises the saprol.ite to reach fresh rock.

The parent basalt is composed predominantly of calcic plagioclase,
pyroxene, olivine, magnetite, ilmenite, some apatite, and varying percentages
of glass. An average analysis for the Koolau basalt is given in Table 2.4
 Visher and Mink 1964, p. 87!. None of the silica in Hawaiian basalts occurs
in free oxide form as quartz or its polymorphs.

During the weathering process, silica and the alkalies and alkaline
earths are readily leached, leaving a saprolite composed largely of hydrated
oxides of iron and aluminum, with kaolinite clays where marine submergence
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had not occurred, or a complex mixture of montmorillonite and kaolinite, and
other clay forms as illite where it had occurred. Patterson �971, p.l4!,
in studying the Koloa basalt on Kauai, a basalt similar to the Koolau basalt
but somewhat less silicic, reported that the minerals composing the thor-
oughly weathered rock  saprolite and soil! are principally gibbsite, goe-
thite, hematite, kaolins  chiefly halloysite and metahalloysite!, and mag-
netite, with lesser amounts of ilmenite, anatase, maghemite, and amorphous
inorganics. The average analysis of the Koloa basalt given by Patterson
�971, p. 28! is also listed in Table 2.4.

TABLE 2.4. REPRESENTATIVE CHEMICAL ANALYSES OF BASALTIC ROCKS.

KOOLAU BASALT
PERCENT

KOOLAU BASALT
PERCENTCONSTITUENT

42.2750. 45Sio,

2. 692.33

14.94

TiOz

10. 90Al zOz

FezOz

8.667.55FeO

.08 .13

12.777.67MgO

11. 679.17

2.84

Cao

2. 85Naz0

.83~ 35

~ 79

.27

KzO

HzO+

PzOs

b VISHER AhD MINK 1964.
PATTERSON 1971.

Several heavy metallic elements occur in significant quantities in
parent basalt and more obviously in its weathered products. Table 2.5, in
part summarized from Patterson �971, p. 33!, lists heavy metaJs in parent
Koloa basalt, in its saprolite cover, and in the amorphous gel fraction of
the saprolite. Prom the table it appears that chromium concentrates in the
saprolite, probably remaining in resistant magnetite and ilmenite grains,
whereas much of the copper, nickel, and lead are leached away. However, lead
is complexed in the amorphous gel, which probably accounts for its sometimes
unusually high concentration in suspended sediments. The heavy metal content
of Kahana soils is also given in Table 2.S.

Other evidence of the rather high concentration of certain heavy elements
in basalts and their residual products in Hawaii is available in reports of
studies done at the Agricultural Experiment Station, University of Hawaii.
Chang and Sherman �953! reported nickel content of Hawaiian soils ranging
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TABLE 2.5. HEAVY METAL CONCENTRATIONS IN PPM IN BASALT AND ITS
WEATHERED PRODUCTS.

KOLOA KOLOA
KOLOA SAPROL I TE SAPROL I TE AK!RPHOUS

SASALTS DEPTH >20 ft DEPTH <20 ft GEL SOI LS

PATTERSON 1971.
PRESENT STUDY-

from 98 to 661 ppm; Fujimoto and Sherman �959! reported copper concentra-
tions of 16 to 357 ppm; and Nakamura and Sherman �958! reported chromium
concentrations of 230 to 9000 ppm.

SUf%ARY OF FINDINGS

Water and Sediments From Kahana Stream

To evaluate the amount and variation of water and sediments, and the
nature and concentrations of quality factors transported by these two vec-
tors, three approaches were utilized in the study: 1! mathematical models,
2! data from the US Geological Survey and from other researchers, and 3! the
QCW project program of sampling and analysis.

Two types of water, direct surface runoff and dike water, drain to
Kahana Stream and hence into the bay. Direct runoff is rainwater that either
moves over the surface or through the thin surface mantle of forest debris
and soil to the stream. Dike water is groundwater within the dike zone.
These types of water also drain the Waiahole Stream in the Upper Valley.
From the headland boundaries of the bay a small quantity of basal water
flows directly into the sea.

FRESH VA2'ER DISCHARGE. For the purpose of the project, no systematic pro-
gram of measurement of fx'esh water discharge from Kahana Stream was under-
taken reliance being placed upon the ongoing gaging by the USGS, and upon
the findings of others, notably Mr. John Mink. Statistics on the amount and
variation of fresh water discharge to Kahana Bay via Kahana Stream, are pre-
sented in a previous section of this chapter  Climate p . 6!, and are sum-
marized in Table 2.6

Observed and computed flow duration curves for Kahana Stream at the 30-
foot elevation  9. 144 m! have also been presented  Fig. 2.3! . Prom such
data a general concept of the amount and seasonal variation in fresh water
discharge to Kahana Bay is derived. The effects of such discharge on the

Cr
Cu
Ni
Pb

400
290
840

12

860
80

580
3

560

33
250

0-5

30
150
150

30

24 � 112

29 � 190
178 � 449

34 � 94
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TABLE 2.6. VARIATION IN IGVVV4A STREAM DISCHARGE, 1971.

DI SCHARGE  cf s!TYPE OF OBSERVATION TIME

APRIL 1963

APRIL

5430

1750

942

1>4

148

50 � 60

35.9

24.8

SOURCE: USGS DATA' 1971.

quality of water, and hence on the biota of the bay, however, depends both
upon its function in diluting bay water and the burden of dissolved and sus-
pended solids it carries. This in turn is dependent upon the relative
amounts of groundwater  dike water! and surface runoff in the discharge be-
cause the two are by nature significantly different in compcsition.

The groundwater component of surface runoff is essentially equivalent to
the average base flow of the stream. The 90 percentile flow on the flow
duration curve is often a good estimate of base flow. For Kahana at the USGS
gage the 90 percentile flow is about 10 mgd �7,850 m'/day!, but the hydro-
logic budget  previously computed herein! indicates that the groundwater
component of total flow averages about 12.1 mgd �5,798.5 m'/day!. This
latter value is hereinafter used in computing mass outputs. In such compu-
tations the Upper Valley groundwater flow is measured at the portal of Kahana
Tunnel, and direct runoff is obtained as the difference between total flow
measured in the transmission tunnel at the southeast boundary of the valley
and the flow at Kahana Tunnel, Groundwater and direct flow are estimated in
the Lower Valley.

C'2Pfl'CAL COMPOSITION OF GHANA STRESS D2'SC'BARGE. In Kahana Stream, as in any
state of nature situation, it may be anticipated that the groundwater will be
higher in dissolved minerals than is direct runoff, and that the concentra-
tion of the various mineral elements in the stream will vary with flow rates.
From the data previously presented in Table 2 4, the general nature of solids
in outcropping groundwater may be anticipated.

The dissolved. load in direct runoff could be expected to vary inversely
with rainfall. The forest mantle is rinsed of dissolved chemicals, including
soluble products of biodegradation of organic matter, as rain falls and flows
through it; thus it may carry an organic. fraction not found in the ground-
water- Ilowever, at high volumes of discharge nearly pure rain water flows
to the stream. Rain in Hawaii, incidentally, has a composition in which the
concentration ratios approximate those of sea water, reflecting the sea salt
nuclei around which moisture collects to become rain drops. Sea salt nuclei
also are carried into the valley in normal air and deposited on trees,
other vegetation, and the ground.

I NSTANTANEOUS MAXI MUM

AVERAGE NAX I MUM

AVERAGE MAXIMUM

AVERAGE hQXINN

AVERAGE MAXIMUM

HIGHEST DAILY AVERAGE

ANNUAL AVERAGE

LOWEST DAILY AVERAGE

AUGUST

SEPTEMBER

MARCH,. APRIL, NAY

CALENDAR YEAR

JULY, AUG. p SEPT.
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The equation of mass output for the dissolved constitutents in Kahana
Stream water is:

h>=CW=CW+C
t t g g

in which M is the mass of the constituent, C = the percent
tuent in the total weight of solution W ; C is the percent
tuent in the weight of the groundwater component, W
rercent in the weight of direct runoff component, Wd,

g'

 I! may bc cast in the more adaptable form:

d dg

of the consti-
of the consti-

and Cd is the
Equation

C
t

�!

in which the Q = flow rates expressible i.n appropriate units such as mgd,
and C = concentrations, generally expressed as ppm.

The concentrations in the direct runoff component should fit an expo-
nential decay curve if the rinsing phenomenon is applicable. Data obtained
from USGS records  USGS 1970! appear to confirm the decay relationship
between concentration and instantaneous flow for nondike streams in the
forest regions of the Conservation Zone. Tabl.e 2.7 lists 16 analyses for
streams in the wct mountains of leeward Oahu for which all flow derives
from direct surface runoff. The xainfall in these stream basins is com-
parable to that in Kahana. Figure 2,6 is a plot of silica and total dis-
solved solids concentx'ations as a function flow, showing reasonable fits to
exponentia.l decay curves.

ln the rinsing model, the mass output is determinable from the follow
C g + [C exp  -ag ]]lng:

C �!g. + g.d

in which the expression IC exp  -ag !] is the decay in concentration with
doincreasing flow, Cd being the concentration at the start of direct run-

dooff. By using equation �! with appropriate values for the ground-
water in conjunction with the flow duration curve for the Mid Valley, a
value of 78 ppm was calculated for the average TDS  less silica!. However,
if the considerably less tedious technique of using single flow averages
and average concentrations as given in Table 2.7 along with equation �! is
employed, the computed TDS average is 78.7, almost identical to the rinsing
hypothesis value. Thus to determine the mass output of the direct runoff
component, it is reasonable to employ equation �! with average concentra-
tions and flows.

Concentrations in the groundwater of the dike zone are treated as
invariable, as is the flow component. Two analyses of Kahana Stream at
comparatively low flows is given by the USGS �970!, but apparently the
flows did not consist strictly of dike water  Table 2. 8!. Estimation of
the composition of dike water by a statistical approach utilizing low flows
at numerous windward streams between Punaiuu and tuluku is summarized in
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Table 2.8. Presumably the low flaws of these dike streams as shown in the
table will closely reflect dike water composition. Utilizing in equation
�! the stream flow averages given in Table 2.8 as the mean composition of
dike water and the listed Kahana averages as combined direct runoff-
groundwater flow, the groundwater component of Kahana at the gage station
is computed as 11.9 mgd �5,041.5 m /day!, very close to the 12.1 mgd
�5,798.5 m /day! obtained from the hydrologic budget.

The composition of the smail amount of basal water that flows directly
into the bay is taken from Visher and Mink �964!. A summary of chemical
composition of waters that flow from Kahana drainage basin is given in
Table 2.9. Because of' the very high rainfall in the Upper Valley the dike
water of Kahana Tunnel is treated separately from the Mid Valley. For
completeness, the composition of rainwater based on analyses given in
Visher and Mink �964, pp. 82, 84! and Patterson �971, anal. [10 and 11]
p. 29! is also included in the table.

A summary of the mass output computations of dissolved constituents
given in pounds per day, based upon the analyses given in Table 2.9 and
the hydrologic budget, is provided in Table 2.10. The Upper Valley is
included even though its waters do not ordinarily reach Kahana Bay The
Mid Valley is also treated as a separate unit because a good record of
flow measurements exists. Part 3 of the table, summarizing drainage to
Kahana Bay, is most relevant to the evaluation of coastal ~aters.

The total dissolved material which discharges to the bay on an average
daily basis is relatively small, particularly with reference to the nutri-
ent constituents, NOs and PO<=. Only 8 lbs �.63 kg! of phosphate and
115 lbs �2.21 kg! of nitrate are carried to the bay'in solution. Of the
other constituents, only SiOz could be said to perhaps enrich the waters of
the bay; the remaining elements occur in much greater concentrations in sea
water than in fresh effluent. It shoul.d be recognized, however, that dis-
charge is variable and. therefore no day is identical to any other.

The dissolved load of rock-derived constituents that appears in the
waters draining from the valley clearly indicates the importance of chemi-
cal erosion in the wet mountain regions of Hawaii. Silica best illustrates
the phenomenon because practically all of the dissolved silica in the drain-
ing waters is derived from the rocks. By weight silica makes up about 50
percent of the rock mass. Thus, the approximately 4600 lbs �088.40 kg! of
silica  Upper Valley plus discharge to Kahana Bay! that leaves the valley
daily in solution reflects the dissolution of about 60 cu ft �.68 cu m!
of rock, based on a rock specific gravity of 2.4.

Rates of landscape denudation by chemical erosion in the very high
rainfall areas can be illustrated by computing the time that would be
necessary to remove the mountain mass in the Upper Valley by solution only.
The mountain above the Waiahole System has a volume of' about 30 x 10 cu ft;
the rate of silica removal in solution is about 750 lbs/day {340.5 kg/day!,
equivalent to the solution of 10 cu ft  .28 m ! of rock. Thus to chemically
erode the mountain under present rates of erosion should require about 8
million years.

The foregoing summary of chemical constituents of Kahana basin dis-
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charges  Table 2.9! relates primarily to soluble minerals which appear in
the earth's crust or are deposited on the surface as nuclei of raindrops.
To supplement the data the QCW project initiated a program of monthly
sampling and analysis of water obtained from Kahana Stream at the upper end
of the Mid Valley section of the drainage basin  see Station 6, Fig. 2.ll!.
Results of analyses for selected parameters, some of which are indicative
of the organic load on the stream, are presented in Table 2.11 for the
period March 1972 through June 1973. They show a lower concentration of
nitrogen and phosphorus than was estimated in Table 2.9 for the Mid Valley
water. Values reported for total solids, chlorides, and conductivity in
Table 2.11, however, are not consistent within themselves, especially in
the sample of 5/14/72 when an exceptionally high value of chloride was
reported. Nevertheless, the data on volatile solids, organic carbon,
nitrogen, and phosphorus describe a water relatively low in organic matter.
The predominance or dissolved volatile solids in the total volatile solids
suggests that such organic matter as was present was to a considerable
degree bio-stabilized. As for the nutrient concentration, the data support
the evidence gained from analysis of the USGS data  Table 2.9] that only a
zelatively small amount of nutrients and mineral salts are contributed to
the bay by water flowing from the undeveloped land of the Kahana drainage
bas in.

HEAVY hGFALS. Because of their particular significance as toxic chemicals,
the heavy metals are singled out for especial consideration as chemical
constituents of Kahana Stream. From Table 2.5 it is clear that Hawaiian
basalts are a rich source of heavy metals, particularly chromium, copper,
nickel, and lead, and that they yield residues having comparable concen-
trations. The values for Kahana soils shown in the table, together with
the ability of surface runoff to erode soils, make it important to deter-
mine whether heavy metals reach Kahana Bay in water or in sediments
Analyses show that the solubility of heavy metals under the prevailing
environmental conditions of Kahana Stream is very low. Only minute traces
of such metals appear in the fresh water. Table 2.12 presents results of
analyses of Kahana Stream water sampled at the USGS gage in Mid Valley.

Assuming the highest value of each element as the content of the
average daily flow, discharges to heavy metals to Kahana Bay would range
from 0.8 lbs/day  .36 kg/day! of chromium to 2.4 lbs/day �.09 kg/day} of
zinc.

The mechanism of transport from the valley probably resembles the
modes of travel described by Gibbs �973, pp. 71-73! for the Amazon and
Yukon Rivers. He described five modes of travel and found that the rela-
tive movement of heavy metals in both basins is very similar. Table 2.13
from Gibbs �973, p. 72! summarizes data for the Amazon River. The domi-
nant mode for chromium and copper is in crystalline sediments, representing
original parent rock minerals, while for nickel it is as a precipitated
compound, probably accompanying iron in an iron hydroxide.

From evidence such as the foregoing it is concluded that for evaluating
the significance of heavy metals in the quality of water and life in Kahana
Bay attention must be turned to the sediments.
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TABLE 2.7. CHEMICAL ANALYSES OF FLOW IN NONDIKE STREAMS, EQUIVALENT
TO DIRECT SURFACE RUNOFF.

ONCDVTRAT I lRlS I H
TOS I.BSS FL RI

STRDW Sip Ca He M K HCOi SO C I F HDi Slue ! < fs/aUSGS
GAGE H!,

200000 90 .1 ~ 3 22 11595 1.02.3 7 ,9 4 5

204000

208000 ~ 6 9 1 0 10 0 -2 213.2 1.2 1. 3 5.4

5,4 1.4 1.8 6.2 0 0 32 3. 11~ 5 12 0

4. 36
211000

I. 6212 .1,5 33.6 46.8 1.1 1. 5 6.4

D7K !FATA212800
6.0 .2 .4 17 3,034 1.42.0 6 ,7 3 ' 5

3714 .I 05.4 1.6 1.9 7-1 .8 9 1 6

.42.8 11 3.4 16 . I .6 423.5 1,6 2.2 8.3

6.9 1.4 1.9 8,6

32 5000
7716 .1 .1 422. 4.8 e

.10KAalA INu [330000
.1 43

24

.5 21

.8 12 2 4 16 .14.6 2. 2 2.1 8.4

1.5,7 1,0 5.5

1.9 .7 I-D 4.9

1,2810 0

9.0 .1

.5 4345000
,916 4 0

AVERAGE

sx8!cEI usGS 1970

TABLE 2.8, CHEMICAL ANALYSES OF MINIMUM FLOWS IN DIKE WATER STREAMS.

CONCENTRATIONS !N a
TOS LES

GAGS NO. 5TRBAN S!O! C4 He Na K HCO q 50' Cl F %! a 510i ! cfog age

25

24

24

23

25

296508

A~

SOBICE: IAQS 1978

FOURTH FORK
KAUKONAIRIA

H!8TH FINK
KAUKIR�!KIA

SOUTH FORK
KAUKO44HUA

284500 NA th%0

2707 DD LULI�u

2750DD HA I Ku

283000 KAHALI!J

2840 00 la@I tEE

294900 NA I KB'

503000 FWALAK

7.4 1.3 1.6 6,3 .4 9 1.6 II . I -5 35

25 20 12 78,5 8 24 15 .I 0 35

30,8 I I 56,4 6 20 1D 0 .4 26

7.4 2.2 2.5 8.7,9 14 3,0 15 D 0 47

5.D 2-8 2 7 9,5 -9 .18 3.0 17 .1 .4 50

4.3 1.4 1.6 6.7,6 8 6 1,9 12 ~ I ~ 5 33

8-9 6.0 lj 1.0 56 3.6 17 ~ 2 l,l 104 7 9 5.1

B.D 5.3 12 .9 5D 3 ~ 6 17 -2 0 96 .81 .52

8 2 5 6 12 .8 54 3 0 16 .1 0 97 I 2 .78

8,0 5.4 12 .8 5. 3 1.0 16 1 0 93 F 18 .12

6,6 4.0 11 ,8 46 3.0 14 .1 0 88 5 5 3.6

7.4 6-4 14 .7 56 3-2 20 .2 0 104 2-8 1.8

6.2 5.1 9.9 ~ e 45 4.0 14 .I 0 ee 4-4 2.8

24 7-6 5-4 12 -8 51 3.1 16 ~ 1 0 96

18 6 8 4 'I 10 .5 40 2 0 14 .10 75 24 15 5

18 5.D 3.9 10,5 38 2.4 13 .1 .3 73 29 18.8

18 5 5 4.0 10 .5 39 2,2 14 .1 -15 74



TABLE 2.9. SU~Y OF AVERAGE CHEMICAL COMPOSITION FOR FRESH
WATERS OF KAIW4A VALLEY DRAINAGE BASIN.

6 los Ca Hg Na K HCDT Sos C I F NOT PO4 TDS

. I .8

13 7,?

9 3.4 .2 1 1,9 6,5 . I

4.5 6. 5 3. I �1! 4. 5 �4! . }.

.I 154

, 5  ,02! 104

. 3 �2! 3754, I 1,4 1,6 6.7 .6 8.6 1.9 12 ~ I

8 51 3.1 16, I  ,5!  ,02! 12124 7.6 5,4 12

36 8.0 6.O 2O 2.O 63 5.5 zz .or j. I ,zo 165

VISIIER aho Hlias 1964, pp. 82, 84
H, T. STEARNS 1935~ p. 361
VISHER AND HINK 1964, p, 90

" EST I HATED

TABLE 2.10. MASS OUTPUT OF DISSOLVED CONSTITUENTS FROM KAHANA VALLEY.

I, WAIAHOLE SYSTPI, UPPER VALLEY, AREA = 0.86 St!, HI,
ALL waTER LEAvEs vALLEY AT 800 FEET

ELEVATICN. DOES NOT DISCHARGE TD BAY.

ALL C ssSTITLEM vALUEs IN lbs/day
agd Sios Ca Ng Ha K Hco, so. cj F NosC %%LENT

8 I 64 6 72 7 274
111 36.2 41,3 173
412 228 14.2 206
238 132 82.5 119
761 396.2 266 498

RA I H 16.2 80.8 4 525
15 5 222 49 I 310
98.1 1614 136 443
56.8 935 78 8 257
170 2771 264 101D
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KAHANA ~L

3.1
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A. vIA KAHANA STREAN
DIRECT RLBBB'F 1239 274 1729

6330 385 1986
7569 659 3715
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52.2 3599 114S 901
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SEDIMENTS DISCHARCZD BY iMPANA 8TREAH. Measurements of the sediment load of

Kahana Stream are not sufficient to make possible direct computations of the
sediment discharged to the bay. In recent years the USGS initiated continu-
qus measurements of suspended sediments elsewhere on Oahu and has compiled
a record of miscellaneous measurements as well. However, none of these di-
rect measurements have been made on Kahana Stream. Therefore, an estimate
of the sediment output of the stream is herein made in the manner discussed
in the following paragraphs.

The drainage basins on Oahu are small and often uniquely different from
each other, but most streams may be broadly categorized as either dike zone
streams, most prevalent on windward Oahu, or flank flow streams, of which
the st.reams in the Pearl Harbor region are the best examples. Dike zone
streams are usual ly perennial throughout their lengths; flank flow streams
are perennial only in their high rainfall reaches. Kahana is a dike one
stream and consequently to infer its sediment discharge characterisitics of
other dike zone streams for which measurements are available must be em-

ployed. ln Pater Haaomoes for Hcmaiz'. and Other Paczfie czz eas, published
by the U.S. Geological Survey in I970, sediment discharge measurements were
reported on two windward dike zone st~earns for a wide range of flow rates.
These streams, Maunawili  gage 16260500! and Kamooalii  gage l6270500!,
though i~perfect analogues of Kahana, resemble the latter much more closely
than do the streams of leeward Oahu where most other sediment measurements

have been made,

The discussion on geomorphology, presented in a previous section, em-
phasized that Kahana is a mature valley in dynamic equilibrium with ero-
sional processes. !n the Mid Valley, stream gradient is low, 5 degrees or
less, and in the lower valley it is nearly flat, suggesting that sediment dis-
charge to the bay is predominantly in suspended form. Colbourn �971,
pp. 50 and ill! states that the mean grain size of detritus in the bay is
smaller than "coarse" and that the stream load that enter~ the bay has a
mean si ze < 3g. It is improbablo that a significant quantity of bed load
would be able to move through the estuary to the bay, and it is therefore
reasonable to ignore it in computing sediment output.

Suspended sediment as a function of the flow rate may be expressed
empiricall> by the general equation:

S=aQ b

where S is suspended sediraent load, Q is the flow rate, and a and b are
constants. At high flows the actual suspended load is less than implied by
the formula, and at very low flows  base flow> it exceeds the calculated
amount .

The above relationship plots as a straight line on log-log paper, which
tempts the uncritical to accept extrapolations at high flows. However, as
the flow rate becomes large, the rate of increase of the suspended load
lessens, and therefore a straight line extrapolation at high flows grossly
exaggerates the sediment load. As is shown later, for even a short time
interval  much less than a day! the straight line extrapolated load will
yield unreasonably large quantities of sediment.



The data for Maunawili and Kamooalii streams as given by the U.S.
Geological Survey �970, pp. 274, 215! are plotted in Figures 2.7 and 2-8-
Flow rates are given in cfs/sq mi, and sediment loads in tons/day/sq mi,
For Maunawili the relationship is

S = 0.0169 q' "

S = 0.0361 q
and for Kamooalii it is

These empirical expressions appear to be applicable to flow rates up to 100
cfs/sq mi �S.7 m /min/km !.

For Kahana computations, the mean of the above expressions is used:

S = 0.026S q"

It should be evident that the application to Kahana of an expression derived
as the average of empirical relationships for other basins will yield, at
best, relatively rough approximations of sediment discharge to the bay.

The sediment load which moves to Kahana Bay may be calculated as a
sediment-duration curve by using the flow-duration curve of Kahana Stream
in conjunction with the empirical suspended sediment output equati on Be-
cause the flow duration curve is derived for the USGS gage at the 30-foot
 9.14 m! contour elevation, the computations specifically refer to the Mid
Valley but are converted to units per square mile so that the mass output
of the entire portion of the valley that drains to the bay may be computed
by linear proportionation.

The first and simplest approach is to treat the empirical suspended
load equation as applicable to all flow rates. The sediment-durati on values
for this assumption are given in Table 2. 14. The technique employed in the
computations is basically the same as that explained in Circular C-33,
p. 22  USGS and State of Hawaii 1971!.

A sediment-duration curve based on Table 2.14 is given in Figure 2.9,
with the log of sediment discharge plotted as the ordinate.

To eliminate the exaggerated sediment loads computed at very high flow
rates, the empirical expression can be limited to flows of less than about
100 cfs/sq mi �5. 7 ms /min/km !. If in Table 2.14 only those flows equal
to or less than 107 cfs/sq mi �0.30 m /min/km ! are considered, the aver-
aged daily output to the bay is 12.92 tons/day/sq mi �.12 kg/day/ha!.

The computed value of 13,490 tons/yr/sq mi �7,250 kg/yr/ha! for Kahana
far exceeds the maximum yields computed for windward valleys in Circular
C-33. For Maunawili C-33 gives a value of 710 tons/yr/sq mi �487 kg/yr/ha!;
for Kamooalii  gage 16273900, downstream from the gage used to obtain the
empirical formular noted earlier! 910 tons/yr/sq mi �187 kg/yr/haj; for
Kahuluu, 1300 tons/yr/sq mi �553 kg yr/ha!; and for Waihee, 1400 tons/yr/
sq mi �904 kg/yr/ha!. It is evident that the average yield of sediment is
very sensitive to high flows and to the use of the extrapolated power ex-
pression at these high flows.
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TABLE 2. 14. SEDIMENT-DURATION VALUES, IVLHANA STREAM FLOW
DURATION CURVE FOR USGS GAGE .

MEAN OF
INTERVAL

 PERCENT!

T I HE
[NTERVAL

 PERCENT !

S TONS/DAY/

sq ml

S X TIME

INTERVAL
Q cfs/

sq mi

TOTAL S X TIME INTERVAL = 36.96 TONS/OAY/sq mi = 13490 TONS/yr/sq mi.

NOTE: S = 0-02680'

Only 2.74 days of the year were eliminated for this calculation, which shows
the enormous effect that approximations at high flows have upon the sedi-
ment yield.

The sediment-duration curve for the valley exclusive of the 0.86 sq mi
�.23 km ! that drain the Kaiahole System is given in Figure 2.10. The2

curve is a linear extrapolation of the one computed for the IISGS gage. The
curve describes sediment output to the bay reasonably well for moderate and
low flows but may grossly exaggerate it at high flows.

The highest average sediment output for windward Oahu  Waihee Stream!
given in C-33 is 1400 tons/yr/sq mi �904 kg/yr/ha!, or 3.8 tons/day/sq mi
�3 4 kg/day/ha!, which is only one tenth of the computed value for Kahana

This great disparity illustrates the inexactness of estimates based
» the power relationship between suspended load and flow rate. Infrequent
~veldt~ produce the greatest proportion of total sediment. that enters the
»y[ a single flood may deposit more detritus than a full year of low to
moderate flows.

The computations for dissolved solids load  mass output! as given in
Table 2.10 are considerably more reliable than those for suspended sediment
load- The average total dissolved solids entering the bay is 1.45 tons/
day/sq mi �.014 kg/day/ha!, whereas the average suspended load may be as
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high as 37 tons/day/sq mi �.36 kg/day/ha!, although more likely it is
appreciably less than this. On the basis of the available sediment data
for windward Oahu; it is apparent that detrital output to Kahana Bay exceeds
dissolved solids output by a factor of at least 3 and perhaps as much as
25. The dissolved load is, however, very high compared to the average
st~eam in most other regions of the world. According to Leopold et al.
�964 , p. 77! the average dissolved load for rivers in the United States
with annual runoff greater than 10 in. i25.40 cm! is 125 tons/yr/sq mi �37
kg/yr/ha!; the Kahana Stream dissolved solid load is 531 tons/yr/sq mi �860
kg/yr/ha!. The same authors note that from a sample of 70 U.S. rivers it
was determined that 20 percent of the total load is accounted for by dis-
solved solids, and that for rivers which have an average flow greater than
0.7 cfs/sq mi [0.46 m /min/km '! the proportion is 37 percent. Evidently
both the dissolved and detrital loads of Kahana and other Hawaiian streams
are unusua.lly large, although the detrital load is small compared to world
averages.

HEAVY MF TALS IN KAHANA STREAM SEDIMENTS. The results of analysis of sedi-
ments for heavy metal content made by the QCW project on samples collected
at the USGS stream gage  Station 6, Fig. 2. 11! are summarized in Table 2. 15
from data presented in Table 2 23. For the purpose of the study herein
reported, these values are considered representative of the territorially
derived sediments, relatively uncontaminated by human activity, that are
carried to Kahana Bay, ln general, the values shown in the table are
appreciably less than those reported in Table 2.5 for parent material from
which the sediments were derived, but are at least three orders of magnitude
greater than the concentrations found in Kahana Stream water  Table 2.12!.

PESTIC'IDES IN ZAHANA STREAM SEDIMENTS. The concentrat'.ion of several cormnon
pesticides found in the sediment samples at the USGS gage in Kahana Valley
are included with the heavy metals data in Table 2.15 Although the signi-
ficance of the values reported are best evaluated in the context of Kahana
Bay sediments, it is noteworthy that the ubiquitous DDT appeared in the
highest concentration. To a significant degree the values shown must be
taken as general background values for even relatively pristine land and
water environments. The presence of small amounts of pesticides, particu-
larly ODT, was observed and reported  First. Pm''eae Report! in the runoff
from sugarcane plantations which had been under cultivation for nearly a
century and which had never been treated with ODT.

Biota of Kahana Stream

There is little information available on the biota of Kahana Stream,
most attention having been directed to coastal situations where pollution
was evident or might be expected. Maciolek �972! did make a careful study
of the diadromus microflora of the Kahana Stream - estuary as distinct from
Kahana Bay proper. He found eleven species of diadromus microflora in the
juvenile or adult stages. As noted in Table 2.16, these were most abundant
at sampling stations in the estuarine and Lower Valley sectors. Maciolek
interpreted his results as indicating that larval and postlarval stages of
the same fauna must be migrating to and from the ocean.
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TABLE 2.15. S~Y OF HEAVY METALS, PESTICIDES, AND NUTRIENTS IN GHANA
STREAM SEDItKNTS, MAR.~C. 1972 TO JAN.� FEB. 1973.

SAMPLI le CATE

03/18/72 05/14/72 10/ 31/72 11/22/72 12/20/72 01/17/73 02/28/73

22. 2

ss.6

5D.4

1.4

13-65.0

98.0

62.8

15.5

56.4

45.7

29. 3

160 ~ 1 47. 4

94-5 41. 0

0.04

47. 4

298.0

0.05

79.8

174.8

0. 21Hg

Cr 121. 8147. I 109. 1

108. 5 213.5349. 8
12-0

12 13

8
DIELDRIN

15

14774 57

18le 12

18 15y CHLORhePE

TOTAL CHLQR I MATED
HYDROCAR82HS

12

s65

162

719

441

101132

141

24D

299

776

636

12875

25

702

239

2021494

1009

234

TOTAL-N

TOTAL-P

TOTAL-K

1120

652

775

589

I471E' -ALL PESTICIDES REPcRTEO IH ppt; OTIC YALLKS IH TASLE ARE ypa.

TABLE 2.16 ~ DISTRIBUTI N AND RELATIVE ABLN!ANCE OF DIADRI3hKVS
MACROFAUVA IN THE KPkVWA STREAM-ESTUARY SYSTEM,
QAHUi 1910-7 1.

LQKR VALlET MID-VALLKy
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The&~ veepertim "- N

0 0 0

2 +

 RUST~
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jterrobazohiue hu � I
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0 0 0 ++++

0 0 0 ++

0 0 0 D

+++ +++ +++
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0 0
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I'IQ%5
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~Ma eandvioeneie - H

33.6

78.8

s1.6

1.7

D-D5

112.3
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Physiography and Oceanography of Kahana Bay

The geographical relationship of Kahana Bay to Kahana Stream, initially
presented in Figure 2, I, i s shown in greater detail in Figure 2. Il . In-
cluded in the figurc are transect lines and sampling stations � to 6! used
in the QCW study herein reported. An extensive study of the physical and
oceanographic features of the bay was reported by Coulbourn �971! . His
findings, together with those of Maciolek, are the principal source of
available information on the physiography and oceanography of Kahana Bay
and its estuarine environs. These findings were summarized in the First
Annual progreea Report of the gCw project  I972!, but are herein again
summarized as necessary to an understanding of the QCW project's findings
and evaluations.

The estuary of Kahana Stream, beyond which there is no tidal action or
detectable salinity effects, extends landward about one mile from the bay
shore line. Maciolek found this estuarine section to be a sinuous channel
varying from 35- to 245-ft �0.67- to 74.68-m! wide and from 4- to 16-ft
 I. 22- to 4.88-m! deep at midchannel. Its volume, he reported as 84 acre-
ft or 103,614.0 cu m, with a surface area of 14 acres �.67 ha!. Debris
and sediments are scavenged from the estuary often enough by the winter and
spring storms to limit their effect as an incubator of water quality fac-
tors. Salinity measurements showed the presence of density stratification,
with a tendency of fresh water flowing over the surface of estuarine water
during periods of low flow,

Coulbourn's report was concerned with the oceanographic characteristics
of the bay itself. He notes that at the southeast corner of Kahana Bay is
the remains of an old Hawaiian fishpond. By 1971 the pond had deteriorated
into a saltwater marsh. Coulbourn noted that "a sand bar,...exposed at very
low tides, extends from the seaward corner of the pond to a point about
one-third of the distance across the bay" where it gradually merges into
the deeper bay floor to the west. He also stated, in describing the general
situation: "Extending out from the shoreline along the east and west peri-
phery of the bay are fringing reefs whose depths range from a little over
10 ft �.05 m! at the outer reef edges to sea level, ~here blocks of coral
along the eastern margin are exposed at low tides...Except in nearshore
areas, the reef edges are vertical cliffs, extending down to 30 ft  9.14 m!
or more to the bottom of the bay."

Physiographically Kahana Bay is shown by the US Coast 5 Geodetic Survey
map No. 3252 to be the head of a submarine canyon which is indistinguishable
at 17 fathoms �0.6 m! and reappears again at 120 fathoms �16.0 m!. Seis-
mic reflections cited by Coulbourn �971! reveal subbottoms characterized
by smooth topography consisting of sediment overlying a more irregular base-
ment, Of especial interest to the study herein reported is Coulbourn's
evidence that "seaward transport of sediments is not confined exclusively
to submarine canyons" and that much of the offshore sediment has never been
on the beaches but was transported directly across underwater terraces.

Coulbourn made extensive observations of the oceanographic character-
istics of Kahana Bay. Figure 2.12, reproduced from his report, shows
graphically the sediment transport systems and circulation pattern within
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the bay. His studies of the physical oceanography of Kahana Bay reveal
that it is exposed to prevailing northeast tradewinds and waves, Ocean
swells lose their energy on entering the bay and generate but little wave
heights on the beach.

QIIality Of Mater in Kahana Bay

Although Coulbourn and Maciolek made extensive studies of some aspects
of Kahana Bay, the quality of its water and sediments have been but little
monitored. This situation exists because agencies, such as the Department
of Health, concerned with water pollution have had more than enough situa-
tions where monitoring of pollutants is a problem great enough to command
the full attention of their staff and the potential of their budgets. Con-
sequently, there has been but limited specific study of waters in an unpol-
luted situation such as Kahana Bay.

Water Quality: Two sources of information on water quality are report-
ed herein: 1! the Oahu Water Quality Project  OWQP! of the City and County
of Honolulu �971!, and 2! the sampling program of the Quality of Coastal
Waters project  QCW!. Results of analyses of water samples taken near Sta-
tion 5, Figure 2.11, by the OWQP in 1970-71 are summarized in Table 2.17.

TABLE 2. 17. NNTHLY ANALYSIS AND AVERAGE VALUE OF MATER QUALITY,
IGViANA BAY, AUG.-DEC, 1970, JAN. 1971 ~

1971 A~
ZiRZXV' v~

qUALITY FACTOR 197D
AUGUST SEPT EIDER

 ag/C!

SALINITY /oo 11.070. 565.61

4.60

1. 97

6.60 5.848. 30

Nog W

NOg -N

t47s -N 0.0123

D.2293

0.0070

O. 1140

0.0287

0.2160

0.003

0.39000.3549

0.0005

0.017

7

TOTAL-N

REACTIVE-P
0.0212D.D1600.0151

3

TOTAL-P

SECCNI  FT!

yH  LIMITS!
1.9

170,820

23 ' 54

3.3

680p000

21. 84

1.6

1000

21.48

0.8

800COLIFORM/IOO M

TVeERATLRE  ~C!

1000

26.55 22. 3225. 53

SOURCE: CNQP 1971

U4&SS OTHERwI SE NOTEO

Water quality observations made by the QCW project staff during the
period 3/18/72 through 6/30/73 are reported in Table 2.18. In this table
data are reported for each of the 6 sampling stations shown in Figure 2.11.
The selection of the stations shown was intended to provide a baseline assay
for Kahana Stream, Kahana estuary, Kahana Bay, and the near shore ocean.
Therefore Stations 0 and I reflect quality characteristics of the ocean;
Stations 2, 3, and 4 provide characteristics of Kahana Bay water; Station 5
represents the estuarine reach of Kahana Stream, and Station 6 represents

20.78

5.75

0.0336

0.0006

o.0164

26,44

4.00

0.0682

0.0023

0.0062

0.0720

0.0021

0.0114

4
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Kahana Stream itself. Thus, Station 5 data essentially extend those of
Table 2.17  ONQP! for Total-N and Total-P. Otherwise the two tables �.17
and 2.18! are concerned with different parameters of water quality.

In Table 2.17 the effect of freshwater runoff during the period of
heavy discharge  October 1970 - January 1971! is evident in the values of
salinity. During August and September, values of salinity are comparable
to those observed by Maciolek �972! in the Kahana Stream estuary. There-
after, they reflect a high degree of dilution by fr'esh water.

In the case of dissolved oxygen, it appears that as the dilution in-
creased during the October 1970 � January 1971 period the dissolved oxygen
values increasingly resembled that of the fresh water. During June 1970 to
February 1971, Maciolek found dissolved oxygen to range from an average of
8.5 mg/L. through a 6-foot �.83 m! depth of Kahana Stream to an average of
6.8 mg/4 through a 10-foot t'3.05 m! depth of estuarine water. More signi-
ficant is the fact that only when heavily diluted with fresh water did the
dissolved oxygen at the sampling station meet the 6.0 mgP. standard speci-
fied by the State of Hawaii for Class AA waters.

Comparison of the water quality throughout the Kahana Bay system is
best made by reference to Table 2.19. In this table are plotted the monthly
water quality values for all waters of the area, calculated on the basis of
the station averages. Seasonal effects are evident in the data. For exam-
ple, seasonal effects with respect to dilution in Kahana Bay are described
to some degree by total solids concentration and conductivity measurements.
Of some interest is the fact that the dilution effects are most evident
during what is not normally considered the rainy season--July through De-
cember. However, the effect of dilution in Kahana Bay is quite evident
when the quality of water in the bay is compared with that in the ocean.
In general, the levels of chlorides, conductivity, and total solids observed
in bay samples were lower than those observed in ocean water samples.

To better describe the water quality of Kahana Stream, Kahana estuary,
Kahana Say, and the ocean, the monthly means for each were averaged and are
tabulated in Table 2.20.

The quality of water discharged by Kahana Stream is significantly al-
tered at the mouth of the stream. Most evident, of course, is the increase
in concentration of solids as well as in nutrient levels. The solids in-
crease can be attributed to both tidal flux and the accumulation of solids

from overland Flow, although the former is undoubtedly the most significant
cause. Several factors may account for the increase in nitrogen and phos-
phorus, including: I! accumulation from overland flows, 2! release through
sediment desorption, and 3! products of biological decay of or'ganic matter.
Flow velocities at the mouth of the stream are quite low, thus solids with
sorbed nutrients are allowed to settle, giving rise to periods of near-
equilibrium conditions where desorption can occur. The rate of desorption,
especially when biodegradation occurs, can account for some of the observed
changes in nutrient concentration even though the est'uary is scavenged of
sediments seasonally by the extremes of discharge of Kahana Stream ci.ted in
a preceding section.
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TABLE 2.18. WATER QUALITY ANALYSIS OF SIX SAMPLING STATICS' .KIOWA
DRAINAGE SYSTEM  MAR.-DEC. 1972, JAN. -JUNE 1973! ~

STAT ION

2b 3b
~8!e

scDATEPAR@I%TER

8.1
8.1
B.l
8.0
8.1

7.4

7.2

7.3
6.8
7.7

yH
 UNI TS!

8.0
8.1
8.2

78
85
9G

131
Be

210

308
242
208
148

~OTAL SOLIDS

SUSPENDED
SOLIDS

7 0
B.S 4.8

18.6
20.4 0.6

9.4 46.0

9.0
38.0

6.0
8.0

23.0

3.0
5.2

2.0
2.5

TOTAL
VOLATILE
SOLIDS

03-18-72
G5-14-72
07-17-72
09-14-72
10-31-72
11-22-72
04-24-73
06-20-73

03-18 � 72
D5-14-72
07-17-72

09 14 72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24 � 73
06-20-73

05-14-72
07-17-72
09-14-72
10-31-72
11-22-72

12 20-72
01-17-73
02-28-73
04-24-73
06-20-73

05-14-72
07-17-72
09-14-72
1D-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
06-20-73

34807
38892
39883
41072
38730
40370
38150
40440

35.8
30. 5

39 0
33.G
42.0
36.O
39,G
32.0

5373
4510
5267
6586
4716
6662
4400
6670

8.1
8.1
8.1
8.0
8.1
8.1

37020
39630
36396
39709
39255
37842
30954
38140
42000

38550
35885

12. 0
17. 0
34.8
25.1
3G.O
15.0
47.0
41.0
43.0
34.0

6030
4639
6051
5350
3372
6472
5228
4716
4968
6665

8.1
8.1
8.1
B.O
8.0
8.1

35820
30150
36373
35536
38769
38065
3955D
37100
42000
37840
35385

6.0
7.2

33. 4
24.6

30.0
32.0
35.0
36.0
42.0
30. 0

356s
4673
6665
3404
4152
6378
4842
5150
4570
5945

8.1

8.1
8.1
8.0
8.1
8.1

35700
34900
28545
35449
37546
36701
38960
37230
4G620

36970
40070

10.0

14.8

35.6
40.1

29.0
37.0
43.0
31.0
40.0
32.0

4450
3501
5342
3291
3518
6854
4726
4770
4502
6200

36050
39900
24330
34791
38520
37022
39756
38000
35680
37920
3375D

12.0
14.5
32.2
23.2

27.0
31.0
44. 0
39.0
37.0
29.0

5480
3314
5091
4108

3852
6732
4960
4850
4640
5040

7.9
7.5
7.2
8.0

7.9
7.8

S24O
2529
7244

38006
9056
6766

18200
1650
4508

15900

800
477

1005
4056
1284

1126
2828

254
604

258D

20
45

33
Be
82
36

I.B 8
84



TABLE 2.18. WATER QUALITY ANALYSIS OF SIX SAMPLING STATIONS: IGWVA
DRAINAGE SYSTEM  MAR. -DEC. 1972, JAN. � JUNE 1973!  CONTD! .

STAT ION

2'
mg/Z

6d08 5cDATEPARAMETER

VOLATI LE
SUSPENDED
SOLIDS

4.2 25. 0TURB I D I TY

 FTU!

CONDUCTI VI TY

 pmhos!

CHLORIDES

05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
05-20-73

05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
06-20-73

05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
06-20-73

03-18-72
05-14-72
07-17-72
G9-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
G6-20-73

8.6
7.4
7.0
7.0
9.5

6.4
4.0

0.5
1.3
1.5
0. 1.
1.7
2.0
1.5
1.8

34600
32000
32000
32800
37000
40000
39000
39800

18094
18000
18200
18250
18240
20480
18720
18540

2,0
7.0
7.6
4.6
6.0
8.0
9.3
8.8
7.6

5.8

2.0
1.2
O.S

0.9
2.0
1.4

1.7
0.8
1.5
1.0

42000

42400
34000
29200
32000
33000
37600
38800
39000
39800

18380
19094
19350
17894
19300
18150
17550
18840
20077
18720
18540

2.0
5.2
8.6
6.0
5.0
8.0
5.0
8.6
8.2
3.6

5.0
1.4
1.8
1.0

0.9
0.9
2.4

0.7
1.5
1.5

35000
39800
30000
30000
32000
32800
36000
38000
38000
35000

17710
14996
16200
15294
18200
18000
17650
17700
19770
18720
15950

4.0

5.0
10.4

3.6
5.5
9.0
7.7
6.6

8.0
4.2

2.7
4.1
2.4
1.6

3.2
1.2
2.7
1.5
2.8
2.0

40000
32000

3G000
34000
31000
32000
37000
38600
37000
32600

17710
17496
13100
15894
19200
17600

17750
17900
I.S000
17900
16410

2.0
4.8

7,0
5.6
4.4

7.0
10. 0

9.0

7.0
4.0

6.5
4.3
1.7
1.0

2.5
1.3
2.7
3.0
2.2
1.6

44000
28800

32000
29200
31000
31400
37200
38600
39000
34000

17800
19594
13200
15494
18150
17600
17750
17850
19060
18350
15675

2.0
4.0
5.2
4,2
1.4
4.0
7.7
4.0

2.0
3.2

7.6
5.8
4.2

2.2
2.6
5.5
2.5
2.0

3.9

5800
3540
7220

28000
8000
7000

20800
2400
5820

17600

4899
1800

3399
15300

4141
3250
8970
7500

990
7375

2.5

1.7
1.0
3.0
3.0

1.0
0.4

1.7

1.7
1.4

1.7
2.7
1.6
1.3
1.4

160
111

88
490

320
440

188
250
198

25
4399

180

197
148

25
30
20

10
15
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TABLE 2,18. WATER QUALITY ANALYSIS OF SIX SAMPLING STATIONS:
DRAINAGE SYSTEM  MAR.-DEC. 1972, JAN.� O'LNE 1913! |,CONTD! .

STATI N

3b
mg/E

4b2b 50DATEPARPPETE R

TOTAL
N I TROGEN 0. 046

0.144

0.180
Q.230
0. 109
0.082
0. 128

0.098

0.064
0.222

0. 030
0. G13
0.D53
0.063
D.090
G.oil
0.012
0.025
0.002
O.D03
0.023

TOTAL
PHOSPHORUS

ORGANIC
CARBON

NOTE: VALLES IN mg/l UNLESS NOTED OTHERWISE-

b OCEAN
KAI&NA BAY
KAHAt4% ESTUARY
KAAMA STREAM

03-18-72
05-14-72
G7-17-72
09-14-72
10-31 � 72
11-22-72
12-20 � 72
01-17-73
02-28-73
04-24-73
06-20-73

03-18 � 72
05-14-72
07-17 � 72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
06-20-73

05-14-72
07-17-72
P9-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
06-20-73

0. 133
0.144
0. 129
G.054
0.077
0.096
0.041
0.131

0.022
0.019
0.006
0.022
0.014

0.034
0.025
0.040

4.o

41. 5
3.8
3.0
4,3
4 ' p
3.3
3.6

0.073
0.081
G.296
0.115
0.112

0.155
0.096
0.074
0.062
0.032
O. 157

0.028
0.015
0.047
G.021
0.016
0.005
0.025
0.009
o. 026
0.022
0. 045

13. I
5.5
8.0

13.0
3.5
3.8
2.5
3.0
3.0
3.6

O. 047

0. 110
0. 121
0. 114
o. 146
O. 152
0.098
0. 163
D. 071

0.028
0. 164

0.031
O.G13
0.040
0.022
0.017
0.006
0.020
0.011
O.D26
0.022
D.035

12,7
5.0
9-5
9.0
4.5
1.6

3.1
3.0
2 2
3.2

0.041

0.189
0.113
0.181

0.120
o.145
o.os4
0.076
0.083

0.065
0. 126

0.030
0.021
o.o6o
0.025
0.018
0.015
0.026
0.005
0,028
0.026
0.025

ll. I
5.5

10.0
8.5
4.8
4.5
4.6
2.2
2.3
3.2

0. 046
0. 163

0. 136
0. 171
0. 126
0. 148
0. 082
0.083
0.080

Q.o6o
0. 104

0. 025
0.021
0 028
0.026
0.018
0.017
0.024

O.Q12
0.028
0.022

O.G29

13. 7
6.0

11. 3

4.5
4.5
4.5
4.6
3.0
1.9
2.3

9.4
3.5
7.5
6.8
4.5
4.5
4.0

2.7
1.9
2.0

0.073
0. 040

0.069

0.063
0.073
0.066
0.067
0.073

0.070
0.206

0. D16
0. 012
0.002

0.008

0. 014

D.D03

0.002

0.016

11.7
2.5

6.0

2.5
2.0
1.5
4.6
1.9

2.3



TABLE 2.19. SEASONAL VARIATION OF WATER QUALITY OF DHPJ4A STREAM
DRAINAGE BASIN, MAR. -DEC. 1972' JAN. -FEB. 1973.

KAID NA
ESTUARY

KPRAM
STREAMANALYS I S DATE

7.2
7.3
6.8
7.7

pH
 mITS!

TOTAL SOLIDS

TOTAL VOLAT I LE
SOLIDS

SUSPENDED
SOLIDS

0.6
46. 0

3.0
5.2

2.0
2.5

03-1S-72
05-14-72
07-17-72
09-14-72
10-31-72
11-22-72

03-18-72
0 5-14 � 72
07-17-72
09-14-72
10-31 � 72
11-22-72
12-20-72
01-17 � 73
02-28-73
04-24-73
06-20-73

05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17 � 73
02-28-73
04-24-73
06-20-73

05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17 � 73
02-28-73
04-24-73
06-zo-73

78
85
90

131
86

210
308
242
208
148

20
45

33
86
82
36

18 8
84

7.9
7.5
7.2
8.0
7.9
7.S

5240
2529
7244

38006
9056
e7ee

18200
165G
4508

15900

800

477
1005
4056
1284
1126
2828

z54
6o4

2580

7.0
8.5

18.6
20.4

9 9.G
38.0

6.0
8.0

23.0

8,1
8.1
8.1
8,0
8.1
8.1

35857
34983
29749
35257
38278
37263
39422
37443
39443
37577
364oz

449S
3829
5699
3601
3841

6655
4843

4923
' 4571

5728

9.3
12.2
33.7
29.3
28.7
33.3
40.7
35.3
39.7
30.3

8.1
8.1
8.1
S.o
8.1
8.1

37020
39630
36396
37258
39074
38863
36013
38435
41185
38350

38163

6030
4639
5712
4930
4320
6529
4972
5689
4684
6668

12. 0
17.0
35.3
27.8
34.5
24.0
44.5

38.5
41,0
33. 0



TABLE 2.19. SEASONAL VARIATION OF WATER qUALITY OF IV44VA STREAM
DRAINAGE BASIN, MAR.-DEC. 1972' JAN.-FEB. 1973  CONTD!

DATE

1.0
0.4

ANALYSI S

VOLAT I LE
SUSPEhDED
SOL I DS

TURBIDITY

 ~u!

CONDUCT I VI TY

 pm%os!

CHLOR IDES

05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
06-24-73

05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
06-24-73

05-14-72
07-17-72
09-14-72
10-31 � 72
11-22-72

12-20-72
01-17-73

02-28-73
04-24-73

06-20-73

03-18-72
05- 14-7 2
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28 � 73
04-24-73
06-20-73

MJ44J'A
STREAM

2.5

1.7
1.0
3.0
3.0

25.0
1.7

1.7
1.4
1.7
2,7
1.6
1.3
1.4

160
111

88
490
320
440

188
250
198

25
4399

180

197
148

25
30
20
10
15

IGVEPP44
ESTUARY

2.0
4.0
5.2
4.2
1,4
4.0

7.7
4.0
2.0
3.2

4,2

7.6
5.8
4.2
2.2
2.6
5.5
2.5
2.0
3.9

5800
35 tO
7220

280GO
8000

7000
20800

2400
5820

17600

4899
1800
3399

15300
4141

3250
8970
7500

990
7375

2.7
5.0
8.7
5.1
5.0
8.0

7.6
8.1
7.7
3.9

7
3.3
2.G
1.2
2.2
1.1
2.6
1.7
2.2
1.7

39667
33533
3o667
31067
31333
32067

36733
38400
38000
33867

17740
17395
14167
15561
18517
17733
17717
17817
18943
18323
16012

2.0
7.0
8.1
6.0
6.5
7-5

8,6
7.0
4.9

2.0
1.2

0.7
1.1

1.7
0.8
1.7
1.4

1.4

42000
4240o

34300
30600
32000

32900
37300
39400
39000
39800

18380
19094
19350
17994
18650

18175
17900
18540
20279
18720
18540



SEAS yg,L VARIATION OF WATER QUALITY OF &M~ STREAM
DRAINAGE BASIN, MAR.-DEC. 197Z ~m.-FEB. 1973  COmO!.

TABLE 2.19.

KP~~~
ES TUAR~

INHCblA
STREAK

OCEAN
ANALYS IS DATE

TOTAL
NI TROGEN p. 046

p 144
p. 180
a. 230
0. 109
0.082
0. 128
0. DS8
p. D64
0. 222

TOTAL
PHOSPHORUS 0.0 I3

0.053
0.063
D. 09P
D.P 11
0.012
p. 625
0.002
0. 003
a. 023

ORGAN/C
CARBON

NQTE: VALUES IN eg/4 UNLESS NOTED OTHERWISE,

03-18-72
05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
D4-24-73
06-20-73

03-18-72
05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28-73
04-24-73
06-20-73

05-14-72
07-17-72
09-14-72
10-31-72
11-22-72
12-20-72
01-17-73
02-28"73
o4-24-73
06-20-73

0.073
0.040
0.069

0.063
0.073
0.066
o.067

0.073
0.070
0.206

0.016
0.0

0.002

0.008

0. 014
0.003

0.002
D. 016

ll. 7
2.5

6.0
2.5
2.0
1,5
4.6
1.9
2.3

9 4
3.5
7.5
6 8

5
4

4 p
2 7
1 9
2 9

0. 045
0. 154

0. 123

0.155
D. 131
0. 148

0.088
0. 107
0. 080

0.051
0, 131

D. 029
0. 018
0. 043
D. 024
0. 018
0. 013
0.023
0.009
0. 027
0. 023
0. 030

12.5
5.5

1D. 3
7,3
4.6

3.5
4.1
2.7
2.1
2.9

0. 073
D. 081
0.296
0. 124
0. 128
0. 142

0.075
0.076

0.079

0.037
0. 144

0. 025
0 015
D.047
0.022
D. 018
0. 006
0.024
0.012

0.030
0.024

0.043

13. 1

5.5
6.0

27.3
3.7
3.4
3.4

3.5
3.2
3.6
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TABLE 2. 20. SlP%44RY QF WATER QUALITY AVERAGES, t4944NA VALLEY
DRAINAGE BASINp MAR. 1972- JLNE 1973.

K 4J4ANA I@AHA%%
ESTUARY BAY

IGUANA
STREAM

8.1
38217

30 -16
5411. 3

7.1 8.1
10909.9 36515.8

14.79 23.25
1431. 4 4818, 8

7.3
158. 6

9.2
56. 9

NOTE'- ALL UNITS IN mg/l, LNLESS NOTED OTHERWISE,

' STATION 6.
STATION 5.

d STATIONS 2~ 3,
STATIONS 0 AND l.

As might be expected, the difference in the quality of water in Kahana
Bay and in the ocean is only slight. The data confirmation indicates that
the diluting effect of stream discharge on Kahana Bay is but small, The
data  Table 2.20! can be considered as a fairly good representation of the
water quality at various points in the system because the sampling program
on which they are based has extended through one full year.

NUTPIENTS IN K48ANA BAY. The subject of nutrients in Kahana Bay is singled
out from other matters of ~ater quality both because of the emphasis placed
upon nutrient concentrations in the control of the aesthetic and recreational
value of water, and because of the value of data on nutrient concentration
in establishing and in revising baseline water quality standards for re-
ceiving waters  e.g Dept. of Health Chap. 37A, Water Quality Standards!.
In the case of Kahana Bay, which is designated as Class AA water by the
state, the findings of the QCW and related studies are particularly signif-
icant.

Values of Total-P reported in Tables 2.17 and 2.18 for Station S show
that of the 14 samples reported, 6 had a concentration of phosphorus in
excess of the 0.02 mg/l standard specified by the State of Hawaii for Class
AA waters. In January 1971  Table 2.17!, at a time of maximum stream dis-
charge, the excess of Total-P over the standard was nearly 2.5 times the
0.02 mg/f value. More significant, perhaps, is the fact that of the lS
ocean samples reported in Table 2.18 for the open ocean  Stations 0 and 1!,
7 exceeded the Total-P Standard.

Total nitrogen  Total-N! concentrations reported for Station S in the
two tables �.17 and 2.18! show that 10 of 14 samples exceeded the G.l mg/4

HYDROGEN ION CCNCEN-
TRAT ION p pH  KNITS!

TOTAL SOLIDS
SUSPENDED SOLI DS
TOTAL VOLATILE SOI IDS
VOLAT I LE SUSPENDED

SOLIDS

TURBIDITY  FTU!
CONDUCTIVITY  lnnhos!
CHLOR I DES
TOTAL NITROGEN
TOTAL PHOSPHORUS

ORGANI C CARBON

1.8

249. 4
504. 9

0.08
0. 01

3.89

3.77
4.05

10618.0
5762.4

0.13
0.03
4.68

6.18
2.21

34533
17265,9

O.ll
0.02
5.55

6.7
l. 35

36970
18692.9

O.ll
0.02

7.27



level of the state standards for Class AA waters. However, there is con-
siderably greater variation in the magnitude of values presented in Table
2.17 than in Table 2.18. Again, as in the case of phosphorus, 7 of the 15
samples from the ocean  Stations 0 and I! exceeded the standard for Kahana
Bay. Within the bay itself  Stations 2, 3, and 4!, the same pattern of SO
percent of the samples showing excess Total-N appears, although the percent-
age of samples with excess Total-P was even higher--16 of 27 samples, or
nearly 60 percents

TABLE 2.21. SlPNARY OF NUTRIENT ANALYSES, IGUANA BAY AND OCEAN 1972-1973.

CLASS AA KAAMA BAY
NUTR I ENT STANDARD k I GH LOW hKAN SD

OCEAN
H! GH LOW JAPAN SD

TOTAL-N
TOTAL-P

0. 10 0. 189 0. 041 0.115 0. 041 0. 296 0. 054 0. 11.3 0. 057
0.02G 0.060 0.005 0.023 0.011 0.047 0.005 0.020 0.010

NOTE: i%ITS IN mg/g.;

TABLE 2.22. SUMMARY OF FREQUENCY ANALYSES FOR NUTRIENTS,
O~NA BAY AND OCEANp 1972-1973.

't OF TIIHE < AA STD.

STANDARD KAIiANA BAY OCEANNUTRIENT

TOTAL NITROGEN

TOTAL PHOSPHORUS

36

44

0. 1G

50G ~ 020

In the case of total phosphorus, both geometric and arithmetic means
are nearly the same, and as with total nitrogen, baseline phosphorus levels
in Kahana Bay also exceed the Hawaii state standards. Table 2.21 also
includes the arithmetic means for both total nitrogen and total phosphorus
in the near shore ocean, It is seen that the value for total nitrogen ex-
ceeds the Class AA standard whereas baseline phosphorus barely meets the

To further evaluate the relationship of experimental data and state
standards, Tables 2.21 and 2.22 have been prepared. From Table 2.21 it may
be seen that the arithmetic mean of all samples assayed for total nitrogen
over a one year period is 0.11S mg/4  standard = 0.10 mg/L!. Inasmuch as
the range of values measured is great �.041 to 0.189!, the geometric mean,
another measure of central tendency, was determined also by frequency anal-
ysis. For Kahana Bay this geometric mean was found to be 0.117 mg/l.. There-
fore, by any method of determining representative baseline levels, the data
thus far collected clearly demonstrate that baseline nitrogen in this un-
developed area exceeds the Hawaii State standards for nitrogen in Class AA
wa.ters
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Class AA standard. However, based on geometric means, the ocean samples
would conform to a Class AA standard for both constituents, as indicated by
Tab le 2. 22.

Inasmuch as the Kahana Bay coastal area is unaffected by urban develop-
ment, these waters can serve as a baseline for setting water quality stan-
dards, and in light of the above discussion, it may well be advisablc to
redefine the standards for Class AA waters in terms of geometric means, as
well as to reconsider the numerical values themselves.

HEAVY METALS AND PFSTICIDZS. From the data on heavy metals reported for
Kahana Stream, together with the vast dilution of fresh water in Kahana Bay
waters, it would not be expected that any influence on the heavy metal con-
tent by discharge from the drainage basin would be detectable. The same
might be expected to be true of pesticides. Several examinations of Kahana
Bay water showed no detectable amounts of these parameters, hence such anal-
yses were abandoned for all bay samples except sediments.

SLDINENTS IN XAHANA BAY. Sediment samples obtained at stations I through 6,
Figure 2.11, were anal> zed for heavy metals, pesticides, and nutrients. The
results of these analyses are summarized in Table 2.23. Attention has pre-
viously been directed to the presence of heavy metals in Kahana Stream sedi-
ments and to their prob'able sources in the native rock and soils of the
drainage basin. Migration of these sediments to Kahana Bay during flushout
of the stream is undoubtedly a source of heavy metals in the sediments of
Kahana Bay. In any event, heavy metals appeared in most bay sediment sam-
ples. Most evident were lead, copper, zinc, chromium, and nickel. However,
cadmium and mercury were detected in most samples, albeit at lo~er concen-
trations than other heavy metals. Considerable nationwide research has been
conducted which demonstrates the sorption kinetics of heavy metals on solids,
both biological and sedimentary, and it is not unusual to observe high levels
of heavy metals associated with these solids, especially in areas affected
by man's activity. However, in the Kahana drainage basin, no significant
activity that might contribute these heavy metals is present.

Pesticides analysis yielded the presence of DDT in all sediment samples
whereas dieldrin, DDE, alpha chlordane, and gamma chlordane were only de-
tectable periodically at very low levels. The levels of DDT measured were
significantly greater than the other chlorinated hydrocarbons, however they
were still several orders of magnitude lower than that reported for typical
lake sediments from Green Bay and Southern Lake Michigan, where intense
human activity is present .

Table 2.23 also includes the nutrient content in the sediments and it
is interesting to note that the total phosphorus content in the Kahana
Stream sediments was greater than that found in the sediments ftom the es-
tuary. This tends to support the theory that phosphorus is being released
into the water by desorption.

Biology and Biota of Kahana Bay

The data presented in Table 2.17  OWQp study! includes some observa-
tions of BOD and coliform organisms in Kahana Bay water in 1970-71. BOD



TABLE 2.23. SEDIMENT ANALYSIS, KPIHANA BAY.
MAR.-DEC. 1972 TO JAN.-JUNE 1913.
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TABLE 2.23. SEDIMENT ANALYSES, KAHANA BAY  CONTD!.

TOTAL
0 y DRGA787-
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ODT ORIB DARE R I &5 T-N
PP 4 PPt PP4 PPL PIRO'
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15,2 4-1 4,9
26,6 5.4 2,5
19.9 3.6 5.5
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19. 7 11. 3 16. 4
24.0 59.2 41.8

values reported are generally low--2 mg/L or less--but there was enough in-
crease as the rainy season brought in greater dilution to suggest that or-
ganic matter brought in from the land was the principal source of observed
BOD. Surface runoff is also the logical source of coliform organisms, the
Ver> denSe ConcentratiOn 680,00077100 mt  Table 2.17!, being obViOuSly asSo-
ciated with a flood flow capable of diluting the bay water. That such a
dilution did occur is evidenced by the exceptionally low value of salinity
at the time  January 1971!.

In terms of water quality standards, the data in Table 2.24 show that
Kahana Bay tends to satisfy Class A standards rather than the Class AA for
which the bay is classified by the state.

BI02'A IF EAHANA BAD. Observations of the biota and the biology of Kahana
Bay were made by an intensive study of the area. during the summer of 1972.
Most of the findings were published in the First Anger!uzi Progress Bepoz't
 Lau 1972! but are herein included in order that the necessary evaluation
of the Kahana Bay situation may be documented. Figure 2.13, which shows
greater detail of the Bay area shown in Figure 2.11, shows the transect
lines along which biological observations were made, Surveys of benthic

Data on coliform organisms and on nutrients, i.n Kahana Bay have been
observed by the State Department of Health in its routine monitoring program.
Recent data on total coliform densities observed in bimonthly samples taken
along the shoreline just off the beach park, Figure 2.10, are summarized in
Table 2.24. The data in themselves are not particularly revealing, except
as they indicate relatively clean water, and establish a minimum baseline
for comparison of the Kahana Hay findings with those of other situations
where man's activities enter as a factor.





TABLE 2. 24. B IMONTHLY DETERMINATION OF COLIFORM ORGANISMS p
!GHANA BAY, 1970-1973.

TOTAt COL I FORMS  MPN/100 M!

1970 1971 1972 1973

24G

43
1100
11GO

0
240

biota were made at the same sampling sites  Stations I to 5! utilized in the
analyses of water and sediments reported in preceding sections. Onshore
features described in the First Report were used to orient the transect
lines to bisect a coral knoll which is an important feature of the bottom of
Kahana Bay. This knoll was selected as the major station for a benthic and
fish population survey. It is a well-defined small patch of coral rock corn-
pletely surrounded by a sandy bottom. Thus it is effectively isolated from
the fringing reefs on either side of the bay. The knoll is in the current
path of both the wavedriven sea water flowing off the northwest fringing
reef and the water flowing seaward from the bay proper. Benthic measurements
were also made on the seaward facing reef slope along transect line A-E
 Fig. 2.13!. At all survey sites the percent cover of the substrate was
determined and the density of abundant benthic invertebrates was measured.
In this, use was made of underwater photography and special techniques which
yielded information necessary for scale measurements and abundance counts.

The location, depth, clarity, and bottom type at the 5 sampling stations
were observed. The results are summarized in Table 2.2S. Values shown in
the table agree with those of Coulbourn �971! at similar locations. Turbid
water in the inne~ bay is probably the result of suspension of fines of ter-
rigenous origin and brought in by Kahana Stream. This sediment is continu-
ously resuspended by wave action in the shallower regions of the Bay and is
carried seaward by tidal currents. Turbidity increases after periods of
heavy rain and persists for several days, but is less noticeable further
seaward where dilution with cleaner ocean water flowing into the deep chan-
nel is a major factor. Turbidity at Station 1 is much greater than at off-
shore locations along the windward coast at similar depths, where the bot-
tom can often be seen at 50 to 60 ft �5.24 to 18.288 m!.

In order to study systematically the coral knoll it was divided into
four quadrants along the north-south and east-west directions. In each
quadrant the density of three species of sea urchins--Trzpnewatea qrrztiKLz
PaeudoboLetza znd6zna, and Eahznomefra mrzthr2ez.--was measured by the method
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TABLE 2. 25. LOCAT]ON, DESCRIPTIONS AND PHYSICAL MEASUREMENTS
AT SAMPLING STATIONS.

DEPTH OF
DEPTH GLAR I TY  a! EXTINCT ICN BOTT<A
 m! ocr oel72 COEFFICIENT TYPE LOCATIONSTATION

.2 CLEAN 100 e NORTH OF RE'EF
CALCAREOUS SLOPE AL P6 TRANSECT
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15.0
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8-E AND FW, JUST
SHOREwARD OF CORAL
KNOLL

HIXED SAM>
ANO TERRI-
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HATER I AL

5.57.0
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C-E Al4! F-G

MI XED SAP4!
AhP TERRI-
GENOUS
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3 53.5
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D-E Al4> F-G

MIXED SAM!
AND TERRI-
GE NOUS
HATER IAL

3.03.0

KXfTH OF KAMANA
STREAM AT EAST END
OF SAND BEACH

HI XED SAl4!
AtD TERRI-
GE NOUS
MATERIAL

1.0

AT GAGING STATION
IN KAHAhA STREAH

REFER TO FIGURES 2.11 AND 2.13 FOR LOCATION OF TRANSECT LINES.

of Batchelor �971! which corrects for pattern as well as indicates whether
organisms are evenl.y distributed, aggregated, or randomly placed. Results
of the study of the coral knoll are summarized in Table 2.26, which presents
a species list of all invertebrates observed in that area.

Density of the three species of sea urchins in the four quadrants of
the coral knoll was measured in detail. The southwest quadrant, which en-
compasses a tongue of loose coral rubble, showed a strikingly different pat-
tern than that which characterized the rest of the knoll. Pswedobaletiz
zMiana was the dominant urchin in this quadrant, but was too sparse for
measurement in the other three quadrants. Fchinometza mathaei, which was
the dominant urchin in three quadrants, was completely absent on the coral
rubble tongue.

Observations of the species of coral and their distribution by depth
and orientation to the knoll are sho~n in Tables 2.25 and 2.26. The results
are in themselves difficult to relate to the quality of water discharged
from undeveloped land. Fresh water entering the bay during periods of heavy
rainfall may be a growth limiting factor to some species living in shallow
~~te~ ~here the effect of fresh ~ater is greatest. The zonal dominance or
absence of coral within the bay is most likely governed by oceanographic
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TABLE 2. 26. TAXONOMIC LIST LOCATION AND RELATIVE ABUNDANCE OF
INVERTEBRATES OBSERVED ON THE CORAL KNOLL DURING THE

STUDY PERIOD.
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phenomena rather than land use. The data, however, are useful as a base-
line against which to measure the findings of coral crop in coastal waters
subject do discharges from industry or other activity.

MiCrOmOlluSCan aSSemblageS frOIR Stations 1, 2, 3, and S, and twO saRI-
ples from the coral knoll were analyzed for species composition, diversity
and standing crop during the study period herein reported. Three assem-
blages are distinguished: Stations 1 and 3 with high proportions of the
arChaeOgaStrOpOd TTTOO7ia and lOw SpeoieS diVersity valueS Calculated in
terlns of the Shannon-Weaver index; Station 2 and the samples from the coral
knoll substrate, with a high proportion of rissoids, high species diver-
sity, and. low standing crop; and Station 5 with a high proportion of
Cerithiidae, high diversity, and high standing crop.  Fig. 2.14!. The

lP43E TE RN1% O

pennaria tiarsIIa
pungia soutaria
Pori tee conpreeea
Poritee l,obata
Hontipora verrucose
Nocti porc verrC Lii
Non ti para flabe l Iata
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CIIphaetr ea ocea1Hmx
Ceptae trna pur pnenux
~ra etel late

KMILL 5I.OPES
KILL FLAT
KM!LL 5LOPES

KMILL FLAT
KNOLL FLAT
KNOLL FLAT
KNOLL FLAT
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species composition and low diversity values of Stations 1 and 3 are some-
what anomalous when compared with stations elsewhere in the islands at sim-
ilar depths. Station 2 and the knoll samples, however, are comparable both
in terms of composition and diversity with, for example, the subtidal sta-
tions at Kilauea and McBryde, on Kauai. The assemblage at Station 5 does
not represent an in sifts assemblage and except for the occurrence of the .
Cerithiidae, other aspects of the sample must be treated cautiously. A
considerable number of shells of freshwater molluscs in the sample contrib-
ute both to standing crop and diversity in the assmeblage, and they indicate
the mixed nature of the assemblage. The Cerithiidae, however, are charac-
teristic of shallow water areas and characteristic of the sampling station
area.

SUMMARY: KAHANA BAY

Kahana Bay was selected as a representative situation in which the in-
fluence of land use on the quality of coastal water is that of an uncon-
trolled natural discharge from an essentially pristine area. It was recog-
nized at the outset that when coastal water quality is measured by the re-
sponse of aquatic biota, no truly typical example of any type of situation
may exist because of the overriding influence of uncontrollable oceano-
graphic factors. Nevertheless, without some baseline against which to eval-
uate situations involving urban, industrial, or agricultural land develop-
ment, it is impossible to make intelligent decisions concerning measures
for effective pollution control systems.

To establish such a baseline, the Quality of Coastal Water Project of
the Sea Grant Program, University of Hawaii, initiated a program of data
collection and evaluation at Kahana Bay concurrent with similar studies of
the influence of land development on other coastal waters in Hawaii. From
the results made available by other investigators and agencies, together
with experimental observations by the Project staff, a thorough analysis
was made of the hydrology, physiography, and related aspects of the drainage
area of Kahana Stream, the quality factors discharged into Kahana Bay via
fresh water and stream sediments, the quality of water and sediments within
the bay, and the biota of the bay.

It was found that the total dissolved material which discharges into
Kahana Bay via Kahana Stream is quite small. Of the chemical constituents,
only N, P, and SiOa could be said to enrich the waters of the bay, the re-
maining elements being those that already exist in greater concentrations.
The average flow of Kahana Stream was computed to be about 36 cfs �1.2
m /min!, with variations from 25 cfs �2.5 m /min! as the lowest daily av-
erage, and l750 cfs {2975.0 m3/min! as the average maximum discharge. The
largest instantaneous maximum of record is 5430 cfs  9231.0 m /min!.

At the average flow of 36 cfs �1.2 m /min! the total dissolved solids
load is estimated at 1.45 tons/day/sq mi �.0S kg/day/ha!, whereas the
average suspended sediment load may be as great as 37 tons/day/sq mi �29.6
kg/day/ha!.
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Heavy metals, particularly Cr, Cu, Pb, and Ni, occur in quite heavy
concentrations in the volcanic rock of Kahana Stream drainage area. How-
ever, their solubility under prevailing environmenta.l conditions in Kahana
Stream is very low, hence only minute traces appear in the fresh water.
However, as might be expected expected, heavy metals do appear in apprecia-
ble concentrations in the stream sediments. Pesticides in the stream waters
and sediments were principally DDT, with occasional lesser concentrations
of chlordane. Nutrient analyses ranged from about 140 to 1500 ppm, Total-N;
719 to 1009 ppm Total-P; and 234 to 652 ppm Total-K.

Once within the bay, the concentration of heavy metals and pesticides
in the water was impossible to measure because of the great dilution with
sea ~ater. Heavy metals and small amounts of pesticides, however, appeared
in the bay sediments brought in by the stream.

Concentrations of both Total-N and Total-P in Kahana Bay waters were
generally greater than the standards set for Class AA waters prescribed by
the state for Kahana Bay. The open ocean likewise did not consistently meet
thc standards for Class AA. Coliform organisms observed in samples of bay
~ater taken by the Department of Health at a small beach area entrance to
Kahana Bay also indicated that the bay meets Class A standards rather than
the more exacting Class AA requirements.

The study produced evidence that during times of heavy rainfall the
turbidity of the nearshore water of the bay increases and a measurable loss
of clarity occurs. A lowering of the salinity of this water at such times
also indicates that dilution with fresh water is sometimes appreciable, per-
haps sufficient to make the nearshore waters marginal for some types of
coral found there.

The estuarine sector of the Kahana Stream-Bay system acts as a temporary
settling basin, and evidence was found that desorption of phosphorus was
occurring in this sector due to microbial degradation of organic matter.
Seasonal flushout of the estuary by flood waters, however, prevents any
appreciable buildup of sediments in the estuarine sector.

Studies of biota in Kahana Bay--sea urchins, coral, and miscellaneous
invertebrates as well as micromolluscs--show variations within the bay en-
vironment which are more related evidently to the oceanography and other
characteristics of the bay than to the quality of' water and sediments dis-
charged from the stream. There was no evidence that the diversity of life
in Kahana Bay was limited by quality factors originating on the land. The
biological data presented are therefore subject to little interpretation in
terms of response of living organisms to discharges from Kahana Stream.
They do, however, give some baseline data, as do the results of chemical
analyses, against which to compare the results of similar observations in
other land use si.tuations--urban, industrial, and agricultural.



Chapter 3
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AND
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INTROOUCTIOH

Scope of the Urban Si tuation

Of the several types of land development situations which may have
significant effects upon the quality of abutting coastal waters, urbani-
zation is by far the most complex. In fact, it is not feasible to re-
late coastal water quality categorically to urban activities in the same
sense that it may be related to sugarcane culture, general agriculture,
specific industries, or to the natural phenomena that distinguish un-
developed land. This is true even though urbanization of land may readily
be identified as the overwhelming source of water quality factors in
a particular case. The reasons are not hard to discover. They include:

~ The variety of waste-generating and unregulatable activities
of man.

oThe nature and disposal of wastes generated in urban situations.
~The fluctuations in scale and continuity of any individual

activity.
~ The degree of attention given to management of water quality

factors in wastewater treatment.
~The technology used in waste control and the objectives of

such use.

More specifically, it might be noted that domestic sewage is gen-
erally separated from other runoff from urbanized land. !t is continuously
produced within the community. In an untreated condition, human bodily
discharges differ from the organic plant and animal residues produced
by nature only by a lowered energy level and in the concentration and
continuity of discharge from the originating land area.. In Hawaii,
particularly, sewage effluents are discharged into coastal waters at
points other than the natural channels of surface drainage.

The condition and concentration of domestic sewage makes for a high
demand for oxygen by microbes seeking to exploit the energy not extracted
from food by man's digestive processes. Thus, the objective of sewage
treatment has traditionally been that of reducing the BOD  biochemical oxy-
gen demand! of sewage before releasing it into an environment where aquatic
life may be suffocated for lack of oxygen or buried by sediments. To achieve
this objective, as well as the secondary objectives of aesthetics and pro-
tecting the health of men using coastal waters and the food harvested from
them, solids reduction and chlorination have been instituted along with
biostabilization in the sewage treatment plant.

In a modern urban environment, however, sewage is not comprised
strictly of human bodily wastes and residues from the preparation of food.
Some industry, and most of the commerce and the citizens of the community
also discharge assorted wastes to the sewer. Regardless of regulations
intended to eliminate or to limit the discharge of certain materials, it
is impossible to control what every small electroplater, storage battery
reclaimer, service station operator, and individual householder does
with chromium, lead, used cylinder oil, paint thinner, surplus pesticides,
unwanted prescription drugs, and miscellaneous materials from time to
time. Thus, sewage is one aspect of urbanization of land which may affect
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the quality of coastal waters in zones and in ways quite distinct from
other sources of quality factors from urban land development.

Runoff from the surface of land structures is a second major class of
coastal water pollutant. Understandably, it has been given fax less
attention than has sewage. Generally such runoff is seasonal and dis-
charges via natural, or man-altered natural, channels. It transports a
wide variety of debris from streets, roofs, and paved areas, as well as
from raw or vegetated land. AIMng such materials are oil and grease
dropped on pavements by automobiles, dust from tire wear on streets, ani-
mal and bird droppings, and residves from natural vegetation either with
or without pesticide residues. It also carries the natural residues of
weathering of rock and, more important, sediments eroded fxom land vnder
development or from highway cuts and fills. Sometimes it also carries
overflow from sanitary sewers. Draining of swamps, paving of land sur-
faces, and straightening and lining of channels increases the velocity
and the total volume of surface runoff from the intensity of any given
storm. As a factor in coastal water quality, surface runoff involves
problems distinct from those ot' domestic sewage and often in a different
sector of coastal water.

Although suitability for recreational use of coastal waters may be
one of the parameters of water quality and also one of the objectives of
water quality management, recreation in an urban setting may be a quality
determinant of a particular body of coastal water. For example, the heavy
recreational load on the inshore ~ater at Waikiki may represent one effect
of urbanization of land, essentially independent of sewerage and surface
runoff phenomena. Similarly, pleasure boating and recreation-oriented
structures such as marinas represent activities which are urban in signi-
ficance but which have effects on coastal ~ater quality not apparent in
any data intended to relate quality to urbanization as one broad category
of land use.

There are other aspects of urbanization that defy the investigator
who would seek a typical norm against which to compare other urban develop-
ments. One is the tendency of man to concentrate his coastal communities
around some special, rather than typical, geographical feature. Thus,
Pearl Harbor is utilized as it is because of man's need for harbor facil-
ities. Similarly, Kaneohe Bay is utilized because it is suited to man' s
other urban needs. It may be said in truth that embayments represent
coastal waters which are of special concern to man, because of their beauty
their role as a habitat of living things, their utility as food sources,
their safety for watercraft, their recreational potential, and so on.
No two are exactly alike except in their ability, perhaps, to attract men
to the site and so become associated with urbanization.

Finally, although the design of ocean outfalls for sewage disposal can
be accomplished with considerably confidence on the basis of certain
engineering and oceanographic information, there is yet need to monitor
coastal waters of the area to make certain that predicted results are
attained. Therefore, in the interest of both basic design knowledge and
protection of the quality of coastal waters, it is often necessary to ob-
serve coastal water quality in urban areas as a long-term precautionary
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measure rather than as a procedure for evaluating the immediate effects
of urbanization on coastal water quality,

Fractionating the Urban Situation

Factors, such as those outlined in the preceding section, underscore
the impossibility of developing a basis for managing coastal water quality
in urban situations in general by observing the components of adjacent
inshore waters and the abundance and diversity of life within them in a
particular situation, then relating the findings to the overall activity
of an urban community The most compelling reasons are:

~ Although the aquatic situation may be revealed empirically, the
variety of urban activities is too complex to determine which
activities are secondary and which are critical to the observed
results. The complexity of man's activities in an urban situation
is matched by the variability of situations, hence there is no
such thing as a typical urban situation in the categorical sense.

~ The coastal water of a bay affected by an urban community may
involve several sectors or zones, rather than the entire bay, with
each zone affected by different aspects of urban land use

One need only to compare the quality of water off Waikiki with that
of Ewa Judicial District to document the fact that the two sites have

almost nothing in common except that they are adjacent to Mamala Bay.

The obvious answer to the dilemma posed by the diversity of effects
associated with urban land development as a type of situation is to break
down the overall situation into component parts -- into subsituations in
which the quality of water in a specific sector of coastal water can be
related to some identifiable element, or elements, or urbani ation. In
Hawaii such an approach has considerable feasibility because the topog-
raphy and the physiography of the islands generally force urban growth to
expand laterally along a narrow coastal zone, rather than landward into
the mountain areas. Thus, land development for urban use tends to spill
over a series of ridges which extend seaward from the mountains, dividing
the land area into a series of valleys fronting on the ocea~. Because
beaches and bays tend to characterize the natural mouth of a valley, the
coastal waters of the overall urban community tend to differ from bay to
bay, reflecting man's activity within the separate valleys as well as his
subsequent attempts to develop the ridge land between them. This means
that, for example in one case, land development for housing of people
plus ongoing further subdivision of land, may be identifiable as the prin-
cipal contributor of water quality factors to an adjacent beach area or
bay. In another coastal water zone the urban factor may be sewage ef-
fluents. In yet another, recreational activity may be the dominant factor.

The foregoing circumstance means that to a significant degree it is
feasible to fractionate the cause-effect relationship between urban land
development and coastal water quality. Such a fractionation is doubly
fortunate because:

~ By isolating the effect of individual types of urban activity on
coastal ~ater quality, the knowledge gained from a specific



situation may serve to identify and minimize the urban activity
principally responsible for any observed degradation of water
quality in some other general situation of urban land development.
Thus, from an inability to find a typical urban situation, may yet
come information applicable to a considerable spectrum of atypical
situations, and so make it possible to identify appropriate mea-
sures for r'educing or eliminating the consequences of past decisions
and developments.

~ Many urban land use problems involve planning decisions concerning
proposed extensions of urban communities into land areas presently
characterized by low population density, In such situations the
proposed development is of some definite nature and. will give
rise to only certain types of water quality factors, rather than
to the entire spectrum of factors characteristic of an all-urban
community. Consequently, far more useful results can be obtained
by fragmenting the situation in the study of urban land develop-
ment, than by observing an overall situation. For example, it
would be much easier to judge what institutional and regulatory
measures are needed to protect Kaneohe Bay if the effects of
sewage effluents, surface runoff from urbanized land, recreational
usc, etc, could be sorted out individually, even though there
may bc synergistic effects of the mixture not identified by the
fragmented approach to separate sources of pollution

Pursuant to the foregoing rationale, several urban subsituations are
identified in the sections of this chapter which follow, and the results
of studies of varying degrees of intensity are reported.

MAUNALUA BAY

Nature of the Situation

In developing coastal valleys for urban purposes, natural swampy
areas are often drained and filled in to maximize the land area which may
be occupied by houses. However, if the swampy area is extensive and low
lying, especially if it is within the tidal zone, construction of housing
around marinas made by dredging and filling of swampland is an attractive
alternative. The result is an aspect of urbanization of land which may
have unique effects on coastal water quality not identifiable by an overall
analysis of surface runoff or of wastewater discharges Disturbing swamp-
land by dredging has the effect of' abruptly releasing organic matter which
may have accumulated over centuries.

Such an effect is, however, transient and hence not as serious as two
other factors: I! the co~fining of water ader circumstances of poor
circulation and 23 the continuous presence of people and their urban acti-
vities on the shoreline. The first often serves as an incubator for or-
ganisms under eutrophic conditions and as a settling basin for solids which
may be flushed out from time to time, The second may provide the nutrients
from lawn fertilization and general debris needed to encourage eutrophi-
cation and introduce pesticides from garden maintenance or protection of
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structures In a developing area, therefore, the marina itself mav be
aesthetically objectionable between flushouts and may discharge periodically
an appreciable volume of unsatisfactory waste into adjacent coastal waters,
An opportune area to isolate and study this facet o< urbanization exists
at 'launalua Bay where the residential development of Hawaii Kai i.s a
orominent feature.

Although the name Maunalua Bay applies to the reach of coastal water
extending from Kupikipikio Point to Koko Head, the greatest degree of
embayment is adjacent to Koko Head. This sector of the bay, which is the
study area herein reported, is located on the island of Oahu approximately
10 mi�6 km! from the heart of Honolulu. The area selected for study in-
cludes four small watershed areas: the Kaalakei Valley, Hahaione Valley
Kamilonui Valley, and Kamiloiki Valley to Kalanianiole Highway as shown in
Figure 3.1. The projected land drainage area is slightly greater than
4000 acres �620.0 ha! and is characterized by steep ridges and mildly
sloping valleys. The study area extends from an elevation of over 2000 ft
�09.6 m! on the Koolau Mountain Range at the northern boundary of the
watershed areas to sea level at the 258 acre �04.49 ha! Hawaii Kai Marina
which constitutes the southern boundary'

Each of the four valleys are separated by steep ridges that are gen-
erally perpendicular to the Koolau Range. The ridges are eroded remnants
of accumulations of lava flows. There is an abundance of koa-haole bushes
and California grass. The slopes of the Koolau Range and the abutting ridge
portions adjacent to the Koolau Range, particularly near the base, support
a large variety of grasses, bushes, and trees. Soil slippage and landslides
are common where the gradient is steep and near the mountain crests.

According to the At.km of 9~air �973!, the study area receives an
average of 30 to 40 in. �6.2 to 101.6 m! of annual rainfall. Each of
the four valleys have at least one well-defined intermittent stream which
carries water from its respective watershed to the Hawaii Kai Marina.

Construction of the Hawaii Kai Ifarina and portions of the adjacent
land were started in the early 1960's by the Kaiser Aetna Corporation by
dredging the approximately 2500-acre �012 ha! Kuapa Pond, an old Hawaiian
fish pond, into a series of channels separated hy fingers of land and
islands. The completed 258-acre  I04.49 ha! marina is reported to have 12
mi �9 km! of shoreline and an average depth of 6 ft  I.83 m!  Kaiser Aetna
Corporation, n.d.!. The marina has two openings into Maunalua Bay beneath
bridges on Kalanianiole Highway that traverse the narrow strip of land
between the marina and the bay. The openings into the main body of the
marina is large enough to permit boats with superstructures up to 13 ft
�.96 m! above the waterline to pass through at high tide.

Prior to the dredging of the Hawaii Kai Marina and of the deep channel
outlet for boats, a survey was undertaken in 1961 by marine advisers to
assess the tidal flushing action and the effects of sediments on water
qua»ty  Marine Advisers 1961!. Turbidity and current measurements were
made at 5 stations at low and high tides and l5 stations were surveyed for
depth and sediment characteristics. The stations extended from Paiko
Peninsula to Portlock. The survey showed that the turbidity in Maunalua
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FIGURE 3. 1. MAUNALUA BAY AREA



Bay was caused by the exit of turbid water from Kuapa Pond and the resus-
pension of sediments from the reef flats caused by tidal currents.

The patter~ of water flow into Kuapa Pond has changed since the
opening of a new channel, with the major volume of flow entering through
this channel. The distribution of sediment and water turbidity has also
changed and a new survey similar to the 1961 survey would furnish compa-
rative data on the water and sediment movement patterns before and after
the dredging of the new channel.

The Hawaii Kai area, currently in a fairly rapid state of development,
has a population of 17,000 to 18,000, including the area representing 20
to 25 percent of the 1 and southeast of Kalanianiole Highway at the western
base of Koko Head, outside the defined study area. Ultimately, the pro-
jection of population growth is anticipated to range between 45,000 and
S0,000.  The WQPO gives 67,000 as the anticipated total population.!

The portio~ of the marina that has been completed for the longest
period of time, since the early 1960's, is the area near the mouth of
Hahaione Valley. The major quantity of excess surface water from the
Valley is conducted through the concrete-lined Hahaione canal that drains
the upper portion of IIahaione Valley and discharges into the eastern fin-
ger of the: marina between Hawaii Kai Drive and Kumukahi Place road. The
drainage canal has recently �972! been extended a distance of approximately
three-quarters of a mile to accommodate surface drainage from some 400
new dwellings in the initial stages of construction in mid-1972. This
"older" portion of the marina, thus, should represent the most stable
portion of the entire 258-acre marina development,

The marina opens into Maunalua IIay through two outlets, as previously
noted. The Bay itself, within the boundaries selected for study shelters
one of Hawaii's shallowest reef. In the area extending from Koko Head to
the easternmost of the two outlets of the Hawaii Kai Marina, the bottom is
fairly flat and covered with sand. West of the outlet, mud deposits are
evident along the small boat channel which extends parallel to the shore
from the boat launching ramp and the westernmost outlet toward the east
channel. Seaward of this channel, the reef flat consists of coral rock
covered by benthic algae interspersed with large pockets of sand West of
the westernmost outlet, mud deposits are evident on the inner reef flat
all the way to the Paiko Peninsula. Suspended solids carried out of the
marina during storm flushout periods are evident, especially when construc-
tion activities have stripped vegetation from the highly colored soils of
the valley walls. Some sediments are deposited in the marina and Maunalua
Bay. An extensive reef area is readily visible through the shallow water
and is exposed at low tide In times of storm, the sediment may become
resuspended, discoloring the marina and the bay. The rapid accumulation,
of sediments within about three years, in parts of the marina has prompted
recent redredging.
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Studies of Water equality

Data on the quality of water within the study area come primarily
froIII limited monitoring bv the State Department of Health, and fror0 a
Program of sampli»g and a»alysis initiated by the QCW proiect. Data on
the bacteriological qual ity of water have been collected by the Health
II~partmont since 1970. The preSent �973! prOgram invOlveS sampling
~atcr on a twice per mor th schedule at each of 6 shorel ine stations within
the marina  see Figure 3. 2! . Results of coliform analyses of water from
these stations show that the maximum concentration of coliform organisms
occurs at the Koko Isle sampling site  Station 2! where over a 12-month
period the monthly average concentration oi' col i forms was S67 per 100 mZ;
dnd of FeCal cOl i forms IBS per 100 ml. Similarly, a statiOn lOcated at
the Frigate BOating land1ng Off of Hawaii Kai Drive  Station 6'! had an
average of 269 total coliforms per 100 mE and ll4 fecal coliforms per 100
IILI'., over a I-1-month period. The Other four Sampling stations all yielded
FOSults within the State Department IDiCrObiOlogical requirementS fOr
Class A waters.

TABLE 3.0 MONTHLY AVERAGE COLIFORM CONCENTRATIONS IN HAWAII KAI
MARINA WATERS, DEPT. OF HEALTH OCT. 1969-AUG. 1971.

STAT I<% 3 STATII21 4 STAT I~ 5 STATIC 6STAT I H 2STAT I hl 1
7%%/100 F8. I%%/IDD ML
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OEPAR~ OF FILTH CATA.

In order to evaluate the various parameters of the older portion of
the marina, four stations were established by the QCW Project within the
marina: two in Maunalua Bay proper, and one in the nearshore ocean waters
at the southern base of Koko Head  Fig. 3.2!. Station 1 should evaluate
the effects of urbanization, as well as serve as a baseline for the
effects of construction and development leading ultimately to approximately
double the present housing units in its drainage area. This portion of
the marina is small enough so that rapid environmental changes to the in-
put of the marina will be reflected in the water samples and not be dis-
sipated as raight be the case in larger portions of the marina. Station 2
is intended to reflect possible effects of the interconnecting channel

OCT. 1969
HAR. 1970
AFA, 1970
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SEPT 1970
OCT. 1970
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JAIL. 1971
FED, 1971
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AFR. 1971
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and Stations 3 and 4 are intended to measure the effects of the inter-
change of marina and bay waters. Stations 5 and 7 should indicate the
baseline quality of Maunalua Bay as well as the effects of marina dis-
charge, while Station 6 is intended to demonstrate the effects of marina
discharge on near-shore coastal waters.

The water quality analyses for the seven stations are tabulated in
Tables 3.1, 3.2, and 3 3. From the data given in Table 3.1 seasonal
variations of the measured parameters over a 10-month period are not
readily apparent; however, there is some indication that the Maunalua
Bay and near-shore ocean waters are directly influenced by the marina
discharge, as was expected. A plot of the monthly averages of suspended
solids, volatile suspended solids, turbidity, total nitrogen, total phos-
phorus, and organic carbon for each station shows corresponding changes
in concentration throughout the 10- to 13-month study period.

Table 3. 4 summarizes the arithmetic means for each of the standard
quality parameters, excluding heavy metals and pesticides. It is evi-
dent from this table that suspended solids, volatile suspended solids,
turbidity, total nitrogen, total phosphorus, and organic carbon all de-
crease trom the most inland station to the ocean station below Koko Head.
Comparing the quality of water observed at Stations 1 and 6, there are
significant differences in suspended solids �6 and 28 mgJZ!, turbidity
�4 and 2 FTU!, total nitrogen �.264 and 0.127 mg/Z!, and total phos-
phorus �.046 and 0.027 mg/E!. The effect of tidal interchange and di-
lution between Maunalua 8ay waters and marina waters are also shown by
the gradual decrease in these parameters at Stations 2, 3, 4, and 5. If
the mean averages for Stations 1, 2, 3, and 4 are taken as representative
of marina waters, Stations 5 and 7 as representative of Maunalua 8ay
waters, and Stations 6 as near-shore ocean waters, the general quality of
these waters is as shown in Table 3. 5,

Although there is some indication that urban development in Hawaii
Kai has affected Maunalua Bay and near-shore ocean waters, the extent to
which this development has affected these waters can be demonstrated by
comparing nutrient levels measured at this location with that observed at
Kahana Bay, a relatively undeveloped coastal zone. At Kahana Bay, both
bay and ocean waters demonstrated lower levels of total nitrogen and
phosphorus  O.I15 and 0.023 mg/Z., respectively, for bay waters, and 0.113
and 0-020 mg/4, respectively, for ocean waters! than measured at Maunalua
8ay �.138 and 0.033 mg/4, respectively, for bay waters, and 0.127 and
0.027 mg/4 respectively, for ocean samples!.

Based on the mean average for total nitrogen, the waters of both
Maunalua Bay and the near-shore ocean meet the Class A standard of 0. IS
mg/l total nitrogen set by the State of Hawaii. The means of the values
measured at these two locations were 0. 138 and 0.127 mg/l, respectively.
On the other hand, the waters of both Maunalua 8ay and the near-shore
ocean do not meet the Class A standard of 0.02S mg/L total phosphorus,
also based on the mean of the values measured. The total-P levels at the
two locations were 0.033 and 0.027 mg/Z, respectively.

Water samples from all stations were also subjected to analysis for
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TABLE 3.4. SUMMARY OF WAN VALlKS FOR WATER QUALITY ANALYSES,
MAUNALUA BAYS JAN. 1972 TO MAR. 1973.

STATION
5 6I 2ANALYS I S

8. 1 8.0 8.0 8.0

38832 38746 38237 38425

4992 4460 4300 4444

pH
TOTAL 50LIDS

7.9

38279

4427

289

9 12

33

6

45

1110

13 11 10 6

38700 38400 39070 38880

2 2

38650 390 1239150CONDUCTIVITY~
uahos/cm

18758

0. 264

0.046

7.0

NOTE: ALL MITS IN ag/L 04LESS NOTED.

TABLE 3. 5. SIPNARY OF WATER QUALITY, HAWAI I-KAI
MAR INA, MASQUE}UA BAY, AND OCEAN.

ANALYS I S

8.18.1pH

TOTAL SOLIDS

8,0

38899

4583

38524

4545

38593

4245TOTAL VOLANT I LE
SOLIDS

SUSPENDED SOLIDS

VOLATI LE SUSPENDED
SOLIDS

38 28

TURB I D I TY p FTU

CONDUCT I V I TY p
urnhOS/cm

12

386503894638830

18970CHLORIDES

TOTAL NITROGEN

TOTAL PHOSPHORUS

ORGANI C CARBON

1887218852

0.1270.138G. 191

0. 042 0. 0270.033

4.6 5.05.7

ALL UNITS IN mg/4 ~ESS NOTED.

TOTAL VOLATILE
SOLIDS

SUSPB4KD SOLIDS

VOLATILE SUSPENDED
SOLIDS

nmeIDITY; PTU

CHLDR I DE 5

TOTAL NI TROGBV

TOTAL PHOSPHORUS

ORGANI C CARBON

18828 18962

0.184 0.150

0.043 0.041

5.0 5,5

18858 18890

0.166 0.253

0.038 0.037

5.4 5.0

8.1 8.1

38899 38761

4583 4045

18970 18854

0.127 0.122

0.027 0.030

5.0 4.2
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pesticides. The results are summarized in Table 3.3. Despite their mi-
nute concentration, DDT, dieldrin, and PCP are ubiquitous, whereas u-
chlordane, y-chlordane, and lindane were only infrequently detected. DDE
was also analyzed for but was not detected,

Heavy metals in the water samples were measured. As shown in Table
3.6, copper appeared to be the only metal consistently present, although
at very low concentrations. Analyses for mercury were made but not
detected,

Studies of Sediments

Studies were made of both the type of sediments eroded from the land
in the study area and of their content of heavy metals, nutrients, and
pesticides. The dominant clay mineral in the four valleys of the Hawaii
Kai area is montmorillonite. Kaol inite is present along the hill slopes
and a mixture of both minerals is found on the valley floor. The combi-
natio~ of low rainfal I and poor drainage typical of the area is favorable
for the formati on of montmoril lonite. Kaolinite is found where rainfal 1
is higher. and drainage better. lt is presumably transported onto the
valley floor by erosional processes and surface runoff. Tuff along the
western slopes of Koko Head crater consists mostly of amorphous materials
and some nonclay materials, such as augite, zeolites, and calcite. Most
of the fill land areas consist of montmorillonite. The mud samples from
Kuapa Pond  Fig. 3. I! and Maunalua Bay are also mostly montmorillonite.
Calcareous sand is the major sediment type in the bay, where patches of
mud are also present.

Results of the analyses of sediment samples secured at all seven
sampling stations and assayed for nutrients, heavy metals, and pesticides
are tab~lated in Table 3. 6. Lead, copper, zinc, chromium, and nickel
were all found in significant quantities, while cadmium and mercury were
present at fairly low levels. Although these metals, as well as nutrients,
were of the same order of magnitude as that observed at Kahana Bay, in
every case the concentrations found in Haunalua Bay sediments were greater
by at least a factor of l. 2  Table 3. 7!.

Of special interest are the pesticide levels found in Maunalua Bay,
also shown in Table 3.7, which were at least an order of magnitude greater
than the Kahana Bay sediments. This readily reflects the effects of urban
development in a coastal area.

Studies of Biota

To explore the biota of Maunalua Bay, a biological survey was made
for QCW project in 1972. Two sites were selected at Station 6  Fig. 3.2!.
One, designated as Station 6a, was located in about 8 meters of water and
about 100 meters from the shoreline within a fairly persistent plume of
turbid water extending from within the east end of Maunalua Bay and along
the shoreline around Koko Head out to Station 6. The second site, desig-
nated as Station 6b, was located about 200 meters from the shoreline cliff
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TABLE 3.7. HEAVY METALS, NLITRIENTS, AND PESTICIDES CONTENT OF
SEDIMENTS p IVHJAA STREAM, IGW~ BAY, HAWAI I KAI
MAR INA, hVVNALUA BAY.

HAWA I I KA I
MAR INAPARAMETERS G~NA STREAM Kr~WA BAY

Pb ppm

Cu ppm

Zn ppm

Cd ppm

19. 9

82. 7

27.9 32.9

52. 2

58,1

33.6

13.1 33.8

57. 7 17.7

0.7 1.3 1.8 1.8

0. 07 0,11 0.24

103 20.5 41.1

217

356

40. 3 95. 3

379 722

850 443 726

T-K ppm

DIELDRIN ppt

DDE ppt

DDT ppt

506 2908

921 219

90200

167 766 1174

a CHLORDANE ppt 1147 182

y CHLORDANE ppt

DDD ppt

TOTAL ORGANO-
CHLORINE ppt

10 922 178

207 1843126 3956

DETECTED ON ONLY ONE DAY

outside the turbid water plume at a depth of 12 meters.

At both locations percent substrate cover was estimated using a photo-
graphic transit technique. A rectangular metal frame supporting a Nikonos
camera and a Honeywell 770 electronic flash unit in an Ikelite underwater
housing was used. The frame positions the camera a fixed distance from
the bottom so that a uniformly illuminated area of 1 m x 2/3 m is photo-
graphed. The base of the frame is just visible at the edges of the photo-
graph f» size reference. The color photo transparency is then projected
onto a piece of white cardboard ruled off in decimeters. Percent sub-
strate cover in each decimeter is estimated. These estimates are then
summed and averaged. This technique also produces a permanent photographic
record of the bottom.

At site 6b dry weight biomass of benthic algae was determined. All

Hg ppm

Cr ppm

Ni ppm

T-N ppm

T-P ppm

52.9

113.7

801

547

2589



benthic algae was removed from four 0.25 m quadrates, randomly selected
along a 20 m transect line. Wet and dry weights for each sample were
determined. Samples were dried in a 100' F oven for 24 hours.

Sea urchin density was estimated at each site, 6a and 6b, using the
Batchelor method �971! Hori zontal visibility was measured along a
transect line laid on the bottom. One diver observed the disappearance
of a second diver as he swam away along the line.

Primary productivity at station 6b was determined using a light-dark
bottle technique. Two l-liter capacity bottles, one clear and one painted
black, were filled with sea water at a depth of 9 m, sealed and attached
to anchors and floats to suspend them 1 m from the bottom. A third bottle
was filled, brought to the surface where dissolved oxygen was fixed to be
later measured by the Winkler technique. After 24 hours the light and
dark bottles were removed and similarly treated.

The marine zone at station 6 was found to begin at a sheer rock cliff
which drops immediately to a depth of about 5 meters to a rather flat
bottom. Shallow, sand-filled canyons of 1- to 2-meters depth occasionally
cut through the region. The coral covered bottom slopes gently seaward
to a depth of about 8- to 10- meters and about 100 meters from shore, At
greater distances and depths from shore, the bottom composition abruptly
changes to coarse, clean white sand with occasional rock outcrops which
are covered with the benthic alga, Diotyopfe~s sp.

In the vicinity of Station 6a, large mounds with sheer vertical faces
and flat tops extend from 8-meters depth to within 3- to 4-meters of the
surface. A large variety of invertebrate fauna were associated with the
vertical faces of these mounds.

Station 6b was within the deeper zone of dense benthic algal growth.
Results of the photographic transect to determine percent algal cover are
shown in Table 3. 8. Algal biomass determinations are shown in Table 3. 9.

TABLE 3.8. PERCENT OF THE BENTHIC ALGA Dioipoptevis sp.
AT STATION 6b.

ALGA COVER
Mls ER
PHOTOS

TOTAL
AREA

8 5.33 m 63% 56% � 69%

NOTE: PHOTOGRAPHIC TRANSECT TECHN!QUE hKASUREHENT,
AUGUST 9i 1972 ~

The bottom at Station 6a was abundantly covered wi.th live coral,
predominantly Pontes Zooata, and a few heads of live PociZZopo~ meandrina-
A black encrusting sponge tentatively identified as HaHoZorm me2anadoouz
was also common.
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TABLE 3.9. BIOMASS OF THE BENTHIC ALGA Dictyoptes'ie sp.
RE%!VED FROM FOUR 0.25 m QUADP/KTS,

DRY WEIGHT  g!WET WEIGHT  g!QUADRANT

35,0192. 1

NOTE: RANDOM SELECTION ALONG A 20 m TRANSECT, JULY 26, 1972.

Horizontal visibility at Station 6a varied from as little as 5 m to
over 20 m during the one month study period. Horizontal visibility at
tation 6b was consistently 30 rn or greater. These results reflect the

variability in location of the turbid water plume in this region.

Sea urchin density at Station 6a and 6b are shown in Table 3.10.

TABLE 3.10. DENSITY OF SEA URCHINS AT STATION 6A AND 6B.
24 AND 26 AUGUST, 1972.

STATION ebSTATION 6a

~Zr
DENS ITY/m I:r z

~fr
DENSITY/m Zrz

1.03.55.47

.20

= DISTANCE FROM TRANSECT POINT TO NEAREST SEA URCHIN  a!

rz = DISTANCE FROM SEA URCHIN  a! TO ITS NEAREST NEIGHBOR

N r>,rz! = 25 FOR EACH DENSITY ESTIMATE

. 88 INDICATES RANDOM DISTRIBUTION

. 88 INDICATES AGGREGATION

.88 !M3ICATES EVEN DISTRIBUTION

Tripneuetee gz'ati22a was common at both stations but more abundant in the
algal flat. Echinothriz caLamaria was less abundant in the region of
coral flat and completely absent in the algal flat. These distributions
possibly reflect differences in food preference.

Tripneustea gx'ati22a

Echi not-bric: ca Zamzria

184. 0

83.2
282.5
218. 6

35.0
29. 5
39. 5
36. 0
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The results of population studies of fish and invertebrates within
the study area are being compiled. Other gCW studies of Maunalua Bay are
still in progress. Consequently, it is too early to make a final evalua-
tion of the effects of the Hawaii Kai type of urban development upon
coastal water quality.

WA IKIKI BEACH

Nature of Situation

The Waikiki Beach area of Oahu is one in which recreation is the
principal consideration in decisions involving constraints upon urban land
use; its use is a major aspect of urbanization that in itself might de-
grade the quality of coastal water. The beach and the inshore waters
which it fronts represent, perhaps, a unique situation in Hawaii, although
in years to come similar situations may develop elsewhere in the state.

The situation at Waikiki Beach affords an opportunity to study the
effects of intensive recreational use on coastal water quality, provided
that such effects can be isolated from the effects of natural phenomena
and any other quality factors which may migrate into the area from else-
where. Some urgency to conduct such a study derives from persistent
evidence from the past that coli form counts at various sectors of the
beach are occasionally above the limits set for bathing beach waters by
the State Department of Health.

Originally, Waikiki. Beach was a barrier beach between the Ala Wai-
Moiliili duckponds and swamps and the ocean  Noberly and Chamberlain 1964!.
Interception of surface runoff from Manoa and Palolo streams and adjacent
areas by the Ala Wai Canal, and drainage of the swamps into the canal,
changed the character of the area signifi.cantly. The drainage of surface
water into the coastal water at the beach was especially reduced. Thus,
in recent years Waikiki Beach has become an artificial beach checked by
groins and a seawall and augmented by imported sand. Typical artificial
sections are Kuhio Beach, near the center of Waikiki, and a new eastward
extension of this beach.

The central reef area off Kuhio Beach and adj acent hotels has been
largely cleared of coral heads for the safety and convenience of beach
users. Sand lies in large patches that, according to evidence cited by
soberly �963!, are relatively fixed in position. The reef offshore of
the Royal Hawaiian Hotel has few sandy areas, but a moderately large
channel filled with sand to a depth greater than 20 feet does cross the
reef offshore from Gray's Beach and the Halekulani Hotel.

Figure 3, 3 shows the general aspect of Waikiki Beach along with tran-
sect lines used by the Corps of Engineers in studies of the area. Of
particular note is that the beach area is bound on the east by the rela-
tively pristine waters off Diamond Head. On the west however, is the Ala
Wai Boat Harbor and the mouth of the Ala Wai Canal which intercepts and
concentrates at one point the urban runoff from a large urban land area
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F!GURE 3.3. SAHPLING STATION TRANSECTS AT WAIKIKI BEACH.
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in Honolulu. Thus, it might be expected that any major contamination of
Waikiki Beach by discharged surface runoff would come from the west and
not from the east Should such transport not occur, then monitoring the
coastal waters off the beach should reflect the effects of increased use
and density.

Water Quality at waikiki Beach

The State Department of Health has designated the coastal water at
Waikiki Beach as Class A. To monitor its quality, bacteriological analyses
are made every two weeks of samples taken at eight stations from the Elks
Club on the east to Kahanamoku Beach Dn the west  Fig. 3. 3! . Results of
these analyses, summarized in Table 3.11, show that about 4.5 percent of

TABLE 3. 11 ANALYSES OF COLIFORM DATA OF EIGHT STATIONS, WAIKIKI
BEACH. 1969-197 1 .

TOTAL NOSER OF
SAMPLES TAKEN

1969, 1970, 1971
NOSER OF SAMPLES

1000 MPN/100 ml

163

162

12

1285 samples taken at eight stations during the 3-year period between 1969
to 1971 exceeded the maximum coliform concentrations of 1000/100 mL stan-
dard for Class A waters. Compilation of more recent data  for years 1972
and 1973! has not yet been completed.

An extensive study to determine the movement of water, shifting of
sands, and wave front patterns off Waikiki Beach under various weather,
wave, and tide conditions was conducted by Keith E. Chave of' the Univer-
sity of Hawaii, Department of Oceanography, for the U.S. Army Corps of
Engineers. Although the basic objective of the Chave project was concerned
with the physical aspects of the environment, cooperation between the
Chave project and the Coastal Water Quality group was arranged to obtain
analytical data on the quality of ocean water and sediments. Tables 3.12
and 3.13 present the results of analyses of surface water and sediments
samples taken along the transects  TR-I to TR-8! of Figure 3.3.

From Table 3.12, total coliform densities were negligible when com-

STAT ION LOCAT ION

Kr~444%3CU BEACH

FORT DERUSSY BEACH

GRAY'S BEACH

TAVERN BEACH

KUHI0 BEACH

PUBLIC BATH BEACH

WA!KI KI NATATORIUM

ELKS CLUB

183

le6

172

183

92

le~
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pared to a standard permitting a maximum of 1000/IOO M. These counts
ranged from 0 to 38 per 100 M. However, the State Health Department
reported MPN results ranging from 0 to 46,000 per 100 mE, with 4.5 percent
of the 1285 samples having an MPN greater than 1000 per 100 ml, see Table
3,11. In either case, it appears that the Waikiki Beach waters generally
conform to Class A bacteriological standards.

The water along all transects was clear, with greater than 85 percent
of the samples analyzed having a turbidity of less than 2 FTU's. Dissolved
oxygen concentrations ranged from 5.8 to 8.8 mg/l with a mean of 7.4 mg/l.
Frequency analysis indicated dissolved oxygen concentrations to be greater
than 6.0 mg/l for more than 97 percent of the time, well above the minimum
5.0 mg/L. Class A Standards. Salinity and pH were observed to be well
within normal limits, with a mean salinity of 32.8 percent and a mean pH
of 8,3.

Nutrient analyses were limited to total nitrogen and total,phosphorus
and, in general, standards of 0.15 mg/l. total nitrogen were met ~hereas
values of 0.025 mg/l total phosphorus were not met. Total nitrogen was
generally lower at lower depths and on every sampling day the arithmetic
mean for the 50-ft �5.24 m! depth conformed with the Class A Standard of
0. 15 mg/E. However, total nitrogen at all depths ranged from 0.037 to
0,812 mg/Z with an arithemtic mean of 0.157 mg/l, but distribution of these
values was abnormal and values less than 0.15 mg/l were observed over 74
percent of the time. This abnormality was due to the Jan. 13, 1972 samples
in which nitrogen in the shallower depths was significantly higher than
that observed for the three other sampling dates. Inasmuch as this dif-
ference cannot be rationally explained, it may well be valid to establish
background water quality based on measurements of central tendenci.es such
as geometric means, rather than arithmetic means. The geometric mean for
total nitrogen at Waikiki Beach is 0.140 mg/l which is well within the
limits established by the Hawaii State Health Department for Class A
waters. 0n the other hand, the arithmetic mean of 0.157 mg/l. exceeds
this standard. This illustrates the need for specifying the method of
est.ablishing the general characteristics in water quality studies, es-
pecially when these assessments deal with water quality standards.

Levels of total phosphorus ranged from 0.011 to 0.074 mg/E, with an
arithmetic mean of 0.033 mg/Z and a. geometric mean of 0.032 mg/4, both
exceeding the Class A Standards. Furthermore, the Class A Standard of
0.025 was met only 14 percent of the time. Inasmuch as no discernible
effect on Waikiki Beach water qual.ity by external factors  such as point
discharges of pollutants! could be detected, the near-shore waters in this
study area were considered to be affected solely by the intense recreational
act,ivity in Waikiki. On the other hand, the general characteristics of
this water are such that no specific water quality effect could be attri-
buted solely to the presence of large numbers of people in a relatively
small area of coastal water. Therefore, it can be assumed that the ob-
served levels of total phosphorus are natural levels and it would appear
that for total phosphorus, the Class A Standard as set by the Hawaii State
Health Department, is too stringent.
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equality of Sediments, Waikiki Beach

Analyses of sediraents at Waikiki Beach are sunmtarized in Table 3.13.

In nitrogen, phosphorus, and potassium the sediments at Waikiki are
comparable to those observed previously in north Kauai  Lau 1972, Table
3.IT!. Of the heavy metals, lead content of the Waikiki samples is simi-
lar to that found in coastal sediments at north Kauai, but about 1.5 to
2 times that reported for the one observation at the assumed pristine area
of Kahana Bay. On the other hand, the cadmium content in the Kahana Bay
sample was one order of magnitude greater than that for Waikiki. Essen-
tially the same is true for the zinc content which was low for Waikiki
compared to that for north Kauai and Kahana Bay. Hercury levels compare
favorably with that observed at other stations. No comparable data are
presently available for nickel and chromium.

Biota at Waikiki Beach

Studies of biota at Waikiki Beach were made by the University of
Hawaii  Chave et a.l. 1973! in cooperation with the QCW Project and as part
of a Waikiki Beach Erosion Project supported by the U.S. Army Corps of
Engineers. Data were taken along transect lines shown in Figure 3. 3.
Results presented in greater detail in the Chave report are summarized in
the following paragraphs.

D?STHLBUTION AND ABUNDANCE OZ ALGAE. Algal distribution and abundance were
assessed by measuring the percent cover and the dry weight/unit area at
each hard-bottom station. The cover was higher at the 12 hard-bottom
stations inside the reef crest, 36.1 percent  avg.! than at the 27 hard-
bottom stations outside the crest, 22 percent  avg.!. Along the shore,
percent cover was also almost twice as high on transects 3, 8, and 4
 southeast of Kuhio Beach! as on the other transects  Fig. 3. 3!.

The number of species of algae was also higher than inside the reef
crest  avg. - 12.4! than outside  avg. - 7. 2!, but the values were not
particularly higher on lines 3, 8, and 4. Values for diversity were highest
on the reef flat, and one of the lowest values also was found on the reef
flat at Station 3H near the Kapahulu storm drain. Diversity tended to be
lower on lines 3, 4, and 5 than on other lines.

Algal dry weight varied greatly between stations. However, it was
definitely greater inside the reef crest  avg. of 117.8 gm/m fox' 1'2
stations! than outside �1.54 g/mz, 30 stations! and greater on the slope
than on the flat bottom. Along the shore  outside the reef crest!, values
tended to be low on transects I, 5, 2, and 7  the northwest end of the
study area! and high on lines 6, 3, 8, and 4  southeast end of the area!.

DlSRVi'2BUT2ON AND ABUNDANCE OF C'OAKS. One of the most striking patterns
« distribution and abundance determined in this survey is that of corals.
Coral abundance  percent cover! was generally greater on lines l, 5, 2,
and 6, the northwest lines, than on lines 7, 3, 8, and 4, the southeast
li~es. The abundance of species followed this same pattern.
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O'UhSEH OF IfJVFRTi;BRA2'8 GPFCTKB. Due to the large range in si..e and abun-
dance of invertebrates and the subsequent necessity of using three methods
to assess their abundance, the total number of individuals per station
was not calculated nor was the measure of spei les diversity based on in-
formation tlieory, H'; rather the total number of species at each station
found by all methods was used as a measure of species diversity. Data on
the number of species on line 1 can't be directly compared with data from
the other seven 1~nes of the original survey hec.ause only data for the
point-quadrat method and some casual observations on presence and absence
of species were made along line 1 So that some comparison of line 1 with
other lines can be made, the number of species found by the point-quadrat
method on line 1 has been tabulated.

Sa»d stations contained about a tenth as many species as did hard-
bottom stations. Line 3 shows somewhat fewer species on hard substrate
than do the other six comparable lines. The number of species on the reef
flat, reef slcpe, and on the flat bottom at SO ft �5.24 m! are approxi-
mately equal.

Since the total number of invertebrate species seemed very similar
in all reei zones and on each line, the data were grouped into the major
invertebrate phyla represented in the samples and the species distribution
pattern in these phyla was examined. The number of species in each phylum
at each station is the sum of the species found by sampli.ng techniques
1.1, 2, 4 and 6, except in the case of line l.

Species of the phylum Mollusca were most abundant at deep stations on
hard substrates and were almost t~ice as abundant on line 8 as on other
lines. Echinodermata species were equally abundant in all zones -- more
abundant on hard surfaces than on sand bottoms -- and almost twice as
abundant on lines 2 and 6 as on the other lines.

Corals predominated at the deep-water stations, especially near the
Ala Wai Canal, sponges predominated at the deep stations off Diamond Head
 although invertebrates were generally less abundant on line 4!, and
echinoderms tended to be dominant on reef-flat stations and on line 8.

D1STBIBOTTON AND ABUNDANCE OF F188ES. The data can be summarized as
follows:

Number of
~Series

Number of

Individuals D~iversitReef Zones

Reef zones
Substrate types
Transect line

21
18
21

17
18
17

19
20
20

The number of species is roughly similar in the three reef zones. The
mean number of species on each of the eight lines is also roughly similar,
but values for the stations are highly variable. If the stations are
classified by substrate types, it can be seen that only two to three spe-
cies are found on sand bottoms at all depths, about 17 on flat limestone
bottoms, and between 2S and 30 species on bottoms with live coral.
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The average number of individuals per count was greater on the reef
slope and deep flat than on the reef flat. There were approximately t~ice
as many individuals per count �08 and 100 respectively! on bottoms with
live coral as on any other substrates; the fewest �.6! were on sandy
bottoms, There were generally twice as many individuals near the Ala Wai
Canal end of the survey arc-a  lines 1, 5, 2, 6, and 7! as on the other
three lines; presumably due to the greater incidence of coral on the former
lines.

Species diversity measures summarize the information of both the num-
ber of species and the number of individuals in each sampl.e. Diversity
was highest in areas of live coral and lowest on sand, and increased pro-
gressively from the reef-flat habitat to the reef slope to the deep flat..
Diversity on hard substrates did not show any particular pattern or gradient
along the shore.

The wrasse Stethojuli" balteatua and the surgeonfish Naso mioo~is
were most common on the reef flat. The reef slope lines 1, S, 2, and 6
were dominated by the wrasse Kalasaoma duperr'erat, which is mainly asso-
ciated with coral, or by the sand-dwelling form Xpr'r'ehthya lecluaez. The
other ]ines were dominated by various members of five fish families, mainly
wrasses. The most abundant species on the flat bottom were mainly the deeper
water, sand- and rubble-dwelling fishes: Paraperois schauzn;,Z~i,
Par ape~cue pZeur oatigma, Cheilznua r'hadoeroue, and Pseudaguloides cer aainua.

Analysis of the data from the fish counts indicated the existence of
two fairly distinct communities; one composed of stations from deep-water
sites containing large amounts of coral, and one composed of stations on
the reef flat.

SVNAHX. The most marked patterns of distribution and abundance observed
in this study were revealed by the measures of coral cover, abundance of
fishes and fish species, and algal cover. The first three of these meas-
ures show a high degree of correlation; the values are all high at the
stations outside the reef crest on lines 1, 5, 2, and 6. This pattern is
especially marked in the case of corals; all values of more than 10 percent
cover occur outside the reef crest on lines 1, 5, 2, and 6.

Percent cover of algae showed almost the opposite pattern; values were
high inside the reef crest and on lines 3, 8, and 4. Dry weights of algae
showed high values on or near the reef flat on all lines.

Sponges, echinoderms, and molluscs were common on lines 8 and/or 4
and on the reef-flat stations of most lines. This pattern parallels that
of algal distribution.

Analysis of data from
sand s t at ion s! showed that
indicating the presence of
correspond to the division
beginning of the study: a
a deep-water community.

the point-quadrat samples of algae  excluding
stations fell into three fairly distinct groups,
three fairly distinct communities; these roughly
of stations into three zones created at the
reef-flat comunity, a reef-slope community, and
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Values of every measure of abundance and diversity of each group of
organisms were considerably lower at sand substrate stations than at other
substrates, while values of fish species and individuals were greatest at
areas containing live coral. The abundance of invertebrate species did
not seem to be consistently related to the presence of live coral.

Analysis of the species composition at the different stations indi-
cates that in the case of both fi shes and algae, stations could be grouped
into a reef-flat community and a reef-slope community. There was a dis-
tinct flat-bottom community of algae, and the extent of the reef-slope
community of fishes closely approximated areas of high cora! abundance.

Conclusion

The waters off Waikiki Beach have been examined for various quality
parameters over a period of IZ months hy the QCW project staff. From the
findings there is little evidence which would attribute any specific water
quality effect solely to the presence of intense recreational activity at
Waikiki. In general, the waters are clear and, with the exception of
phosphorus, meet the standards set by the Hawaii State Health Department
for Class A waters.

SAVOr BEACH

Nature of the Situation

Sandy Beach represents another situation in which recreation is the
principal beneficial use of a coastal water to be protected by decisions
related to urban zoned land. The factors which characterize the situation,
however, are distinctly different than those existing at Waikiki.

Sandy Beach is a popular recreational beach area at the mouth of
Kalama Valley on the windward'd coast of southeastern Oahu. The Kalama Valley
watershed itself encompasses about 1560 acres �31. 8 ha! and its coastal
extent spans Kaloko Point to the north to Halona Point or the "Blowhole"
to the south. The area is warm and dry with Kalama Stream flowing inter-
mittently, principally during the heavy rainfall occurring during the
winter season of cyclonic storms. There are two defined beach areas:
Wawamalu or Queen's Beach, northward toward Kaloko Point, and Sandy Beach.
The former being rocky is little used; the latter, true to its descriptive
name, is a well-frequented area for body-surfing and sunbathing.

Urban population pressure against a recreational area was the prin-
cipal factor in selecting the Sandy Beach situation for study by the QCW
Project. Such pressure is exerted in two ways: I! persistent proposals
for intensive urban development of adjacent land, and 2! the anticipated
growth of the Hawaii Kai area, the treated domestic sewage of which is
discharged through an ocean outfall offshore from the beach area into
water designated as Class A by the State Department of Health.
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The general beach area., treatment plant site, and outfall location
are presented as Figure 3.4 and the beach shoreline and profile as Figure

Although the area mauka of the beach in Kalama Valley has been zoned
as an Urban District since 1964, it has been relatively undeveloped prior
to 1972. The area has historically been in agricultural use, such as
truck crop farming and swine and poultry production on land leased from
the B, F. Bishop Estate. Since control of the area has passed to the
llawaii Kai Development Corporation, all the lessees have been relocated
from the Valley preparatory to the development of the area for residential
use or resort, or both.

The sewage flow to the Hawaii Kai treatment plant presently comes
from residential areas as far west as Kulionou Valley and includes the
presently developed Hawai i Kai units in the Kuapa Pond marinas and Hahaione,
Kami lonui, Kalama, and Kamiloiki Valleys. The treatment plant went on
l ine in 1966 as a pr imary facility with chlorination, discharging through a
l400-foot �26.72 m! outfal 1 at a depth of 46 ft �4.02 m!, using only
four of the ten 8-Inch �0. 32 cm! diffuser ports constructed. The plant
was converted to the activated sludge process in early 1972 at a design
flow 3. 1 mgd �1,733.5 m /day!. The estimated sewage discharge for Sandy
Beach by the year 2020 is 8.6 mgd �2,551.0 m /day!.

Water Quality at Sandy Beach

A preliminary search for information pertaining to the quality of the
coastal water and the nature of wastewater treatment and disposal in the
Sandy Beach area was made by the QCW Project in early Janaury 1972. Avail-
able data were found  First Progress Report, 1972! to be principal ly those
collected by the State Department of Health in its routine monitoring pro-
gram and by the City and County of Honolulu through its consultants, Oahu
Water Quality Program.

The state has analyzed shoreline water samples from two locations at
Sandy Beach for total coliform bacteria since 1963, beginning with a once
per month sampling in 1963 which was increased to a twice per month sched-
ule in July 1970 August 1970, monthly data collection was extended to
such other water quality parameters as fecal coliform, total nitrogen,
total phosphorus, pH, and total solids. From July 1970 to January 1971,
WQPO conducted monthly analysis of surface water samples from one shore-
li-ne station and one ocean station above the discharge end of the existing
outfall sewer. Water quality parameters observed included such physical
factors as temperature, salinity, dissolved oxygen, clariy and wind ve-
locity and direction; the chemical factors of pH, BOD, various forms of
nitrogen, chlorophyll, and reactive and. total phosphorus; and coliform
organisms. The presently available data from these sources are summarized
as follows:

a! Reported total coliform and fecal coliform concentrations are at
a level far below the permissible maximum established by the state for
Class A waters. However, the frequency of total coliform detection in
shoreline ~ater samples definitely increased between 1963 and 1972-73.
For example, of the 6 samples reported in 1963 none were positive, whereas
in l972-73 the Frequency of' positives in 44 samples was 50 percent. Re-
ported fecal coliform concentrations were at levels below that of total
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FIGURE 3.%. OUTFALL SEWER AbD WATER SAMPLING STATIONS, SAheY BEACH.
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coliform.
b! ln 5 of the 23 monthly samples taken in 1972-75, measured total

nitrogen content in the shoreline samples exceeded state standards. One
sample was equal to state standards  Fig. 3.6!. Measured phosphorus in
these same samples exceeded the standards only once  Fig. 3.7!.

c! pH was above the state standard of 8.5 once in the 23 monthly
samplings.  Fig. 3. 8!,

d! During the month of November 1970 when the surface current meas-
urements were reported to be generally offshore and to result in a net
transport in the southeast direction  Fig. 3.9!, none of the shoreline
water quality parameters exceeded state standards. No similar current
measurements for other months are available, but generalized probably
current patterns are predominantly offshore.

The consulting firm of Sunn, Low, Tom 5 Hara, Inc. initiated a year-
long study in January 1972 for the Hawaii Kai Development Corporation to
evaluate existing conditions at the outfall discharge site and the area
between Kaloko to Halona Points and also to provide information for future
water quality management decisions as deemed necessary. The study focused
on three major work areas: quality of the water column, dilution and
dispersion of the waste discharge, and biological effects, particularly on
the benthos.

With the availability of past WQPO and Health Department data, to-
gether with the Sandy Beach offshore study, the Coastal Water Quality Pro-
ject control group decided to focus on collecting data from shoreline
studies to complement the existing and projected work. The field data
collection system design was twofold: a biological survey based on photo-
graphic observations at three shoreline sites and a water quality survey
using six shoreline sites, including the three used in the photographic
survey and the two Health Department stations. The Coastal Water Quality
project stations are shown in Figure 3.4 and designated as station numbers
Sl to S6. The stations were selected to include the areas immediately
adjacent to the outfall and also the areas north and south of the outfall.
The photographic observations, begun in January 1972, were made on a
monthly basis while the water quality observations were made on a quarterly
basis for one year. The results of this one year survey are given in
Tables 3. 14, 3.15, and 3.16. The mean averages for each sampling day are
given in Table 3.17, as well as the mean average of all samples analyzed.

In general, the waters off Sandy Beach are clear, with an average
turbidity of 1 FTU. However, this parameter was observed to decrease
from 0.8 to 0.4, FTU from July 1972 to January 1973. Average suspended
solids was 26 mg/4, and this parameter was observed to increase from 9 to
38 mg/4 during the same period. Volatile suspended solids likewise in-
creased, as did total solids. One might associate an increase in these
parameters to increased productivity. However, total velatile solids
decreased during this same period and this might indicate something dif-
ferent. It might well be possible, therefore, that these increases in
total and suspended solids were due to increased land clearing for domes-
tic. urban development in Kalama Valley during this period.

Associated with the decrease in total volatile solids was a similar
decrease in organic carbon. These decreases might very well be the result
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TABLE 3. 16. PESTICIDES IN COASTAI WATERS' SANDY
BEACH, MAR. 1972 � JAN. 1973 '

PESTICIDE DATE 1 2 3 4 5
ng/4

04- 15-72 ND ND ND 3 ND 2DDT

07-27-72 1 1 <1 <1 1 2

10-24-72 <1 2 <1 <1 <1 <1

01-18-73

07 � 27-72

1 4 2 1 1 1

PCP 4 5 1 4

8 16 24 19

9 9 9 13

5 7

10-24- 7 2 30 8

01-18-73 12 12

TABLE 3.17, SlPNARY OF hKAN VALMS OF 'WATER QUALITY ANALYSES, SANDY
BEACH' 848. 1972 � JAN. 1973.

SAMPLING DATE

04-15-72 07-27-72 10-24-72 01- 18-73 MEANANALYS I S

8.3 8.1 8.3 8.28.1

37734

1G

0.4 1.0

40072

1.9

42267 4520032750

18884195411886G 19024 18111

0. 134

0. 018

0.150. 2150.079 0. 171

0.032

6.7

0. 033 D. 053 0. 023

I.1. 7 8.0 3.0 3.9

NOTE: ALL UNITS IN ng/l LNLESS OTHERWISE NOTED.

HYDROGEN ICN

CONC. pH

TOTAL SOLIDS

VOLATILE SOLIDS

SUSPENDED SOLIDS

VOLATILE SUSPENDED
SOLIDS

TURBIDITY' FTU

CONDUCT I VITY,
thos/cm

CHLORI DES

TOTAL NI TROGEN

TOTAL PHOS PHORUS

ORGANI C CARBON

38636

5216

9

4

37977

4799

31

39 187

3804

38

38384

4606

26

6



of increased treatment efficiencies at the Hawaii Kai STP, since secondary
treatment at thi s plant was started only in early 1972. As these effi-
ciencies increased, the discharge of dissolved volatiles and organic car-
bon would be expected to decrease, which is the case over the period of
study,

The October 24, 1972 conductivity and chloride measurements were
significantly lower than those measured on the other three sampling days.
Although no explanation can be made for this decrease, these levels were
still within normal ranges. Measurements of pH ranged from 8.1 to 8.3,
which is within the 7.0 to B.S limits specified for Class A waters.

In general, total nitrogen levels were consistent with Class A stand-
ards whereas total phosphorus levels were not. This observation is just
the reverse of the 1970-1971 Health Department data. Average total nitro-
gen observed on two of the four days conformed to Class A standards, and
the average value over the four sampling days was 0. 1S mg/f. However,
the geometric mean for the four days was 0.134 mg/l. ln either case it
can be concluded that total nitrogen generally conformed with Class A
standards.

Total phosphorus levels on two of four sampling days exceeded the
Class A standard of 0.025 mg/E. In addition, both arithmetic and geometric
means over all four days were 0,032 and 0.029 mg/l, respectively. In
either case, the Class A standard of 0. 025 mg/l was exceeded; thus, the
waters in this area do not generally conform to the Hawaii State Hater
Quality Standards with respect to phosphorus levels.

Heavy metal analysis of water samples at Sandy Beach shows the pres-
ence of copper and zinc at very low concentrations but with significant
frequency. On the other hand, mercury and cadmium were both undetected.
Chromium, nickel, and lead were present, but less frequently than copper
and zinc.

Unlike Kahana Bay waters, both DDT and PCP were detected with signi-
ficant frequency. The presence of the latter pesticide is probably re-
lated to the presence of urban development in Kalama Valley and possibly
to the sewage effluent. discharges.

Biota at Sandy Beach

Studies of the biota in the waters at Sandy Beach were limited to a
survey of intertidal benthic algae at sampling Stations S2, S4, and S6
 Fig. 3.4! and at a fourth site near Station S4, herein designated as
Station S4a. Selection of these stations and the nature of the biota to
be observed resulted from a field inspection by a number of QWC Project
participants on February 19, 1972. On that occasion a few dense growths of
benthic algae, especial ly U2va sp,, were observed. Because the pres-
ence of V2va sp. is considered by some to be an indicator of increased
nutrients in the waters, it was deemed advisable to follow any changes in
abundance and species composition of the algae at the selected stations
as a method of assessing the effects of changes in water quality, if not
indeed of detecting such changes.
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Station S2 is located on the large lava outcrop just southwest of
Sandy Beach Park and seaward of the outfall pipe in the cliff face. Sta-
tion S4 is just northeast of Sandy Beach Park and at the sewage outfall
which runs seaward along a long rectangular conrete groin. Station S6 is
located at the northeast end of Wawamalu Park at the end of a large lava
and concrete wall which marks the end of that beach park area Station
S4a, added in May 1972, is on an extensive lava outcrop about 300 ft
 91,44 m! northeast of S4. It was included in the study in order to re-
cord an extensive growth of V2va sp. which had not been identified in
earlier months.

A photographic technique was used to record algae composition. A
Nikon F camera with 50 mm, 135 mm, and 200 mm lenses was mounted on a tri-
pod. From a fixed position at each site, selected rock outcrops with dense
growths of algae were photographed monthly.

In June 1972 the photographic technique described in Chapter 2  Kahana
Bay! was introduced in order to quantify the algal composition. However,
at the time of preparation of the report herein presented, the analysis of
photographs necessary to estimate and average the percent algae cover and
species composition were not yet available because of manpower limitations.
Nevertheless, general abundance and distribution of U2va sp. at the photo-
graphic stations can be described.

Station S2: U2va was present only in small isolated patches in tide-
pools far inshore and free of heavy wave action.

Station S4: In February and March 1972, U2va was abundant on many
of the boulders in the shallow, shoreward intertidal
region and along the rectangular groin. Most of this
algae disappeared in subsequent months, possibly due to
long exposure during the low daytime summer tides.

Station S4a: Abundant U2va  estimated 3D percent cover} was present
at this station along the entire transect and did not
change in the 3-month observation period. Reasons for
the lush growth at the isolated location are unclear.
It. is possible that wave action carried the sewage a-
shore from the outfall at this Iocation. However, pre-
vailing currents are in a southwest direction and should
carry the sewage effluent away from the sampling site.

Station S6: U2va was common on rocks in the more protected shallow
intertidal zone in February and March, but decreased in
abundance du r i n g the April t o July per i od.

Sunlnary and Conclusion

Study of the Sandy Beach situation was planned to secure baseline
water quality data during a one-year survey. With the exception of bio-
logical information yet to be fully analyzed, the survey was completed as
planned. Until a greater degree of development of the Hawaii Kai area or
of the immediate environs of Sandy Beach occurs, there is not much more to
be learned by continuing the QWC sampling program This conclusion is
supported by the circumstances associated with the Hawaii Kai sewer outfall.
Specifically, the Hawaii Kai Development Corporation  through its consult-
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ants, Sunn, Low, Tom, and Hara! has monitored the outf'all area in order that
it may make the necessary environmental impact evaluations associated with
obtaining discharge permits and other regulatory requirements upon which
its land development depends. Although the results of these observations
are not yet public information, they have been assembled over a longer
period and in greater detail than was feasible for the QCW project.

Some evidence produced by the QCW study indicates that ongoing devel-
opment has had some effect during the period of observation of water
quality at Sandy Beach. In general, however, the waters were found to be
clear and similar to those at Waikiki, but slightly higher in nutrients
than the offshore water at Kahana Bay, the reference situation.

The summary of the Suan, Low, Tom, and Hara study �973!, provided
herein, substantiates the position that there is little detrimental effect
from the treated sewage discharge off Sandy Beach. The main areas of
investigative concern were thc dilution and dispersion characteristics of
the area, the distributions of water quality parameters, and the biological
effects.' The results of this work will be used to define, on a rational
basis, a recommended zone of mixing, and to have a baseline from which to
make management decisions about future developments.

BILi J'"ION A."/5 DISPERSION C'HARA ."IEPISTICS. The current st ructure of the
Sandy Beach aien is a complex mixture of permanent north equatorial current,
tide-induced currents, wind-driven currents, and wave-induced currents.
A full description of this structure was not obtained However, some key
characteristics could be defined, By the use of dye, drogues, a fixed
current meter, and observation it was determined that the most prominent
cu~re~ts in the area were the tide-induced oscillating currents which,
under the influence of the local bathymetric characteristics, result in a
net seaward transport in the area of the diffuser similar to that des-
cribed in the Oahu Water Quality Study �972!. The current velocity dis-
tribut ion wa found to have a modal value of about 0. 3 knots.

The time of current reversal was determined to be the time of lowest
dilution because of the initial slowing of the current veloci ty. Using
the average turnaround time of one hour and a worst dilution condition with
a current velocity of 0.1 knots, along with the observation of a counter-
clockwise current direction change, it was calculated that the water af-
fected by the current change would almost always turn around within 1000 ft
 M4 m! of the diffuser in the initial direction of the current. This
evaluation formed the basis for the recommended 1500-foot mixing zone
dimension in the direction of current flow.

The mixing characteristic of the Sandy Beach area was determined by
three dye dispersion studies. The dispersion coefficient k was found to
be well approximated by:

k = 0.002 L

where L is the characteristic length of the dispersion phenomena in feet
and k is in units of square feet per second. The average initial dilu-

Sunn, Low, Tom, and Hara, Inc. 1973, Chap II.
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tion was found to be primarily a function of the current velocity and the
amount of discharge. With these factors along with the dispersion theory
as formulated by Brooks �960!, it was possible to develop a method to
predict the average amount of dilution at any given distance from the dif-
fuser in the dirc-ction of the current for a wide range of' effluent flows.
This method was then used to determine that the 1,500-foot proposed di-
mension on each side of the diffuser parallel to the shoreline for the
zone of mixing should be adequate at the median level of phosphorus con-
centrations for a secondary effluent discharge rate up to about S.S mgd.
This number is subject to confirmation by the proposed monitoring progra~.
This evaluation was b ased on a limiting dilution factor of 450, which in
turn was based on the total phosphorus standard of 25 pg/Z. This standard
is potentially the first to be exceeded at the median level according to
the ~ater quality study of the Sandy Beach area. The excoedance of the
total nitrogen standard at the median level follows closely behind that
for the total phosphorus. The coliform standards should easily be met
within the proposed zone of mixing because of the rapid dieoff rate.

VAM'R QUALiTX DZSTAZBU2'LOS MEASURE'MZJJTS. A series of 36 water samples were
taken over a period of one year at each of ten stations in the Sandy Beach
area  Fig. 3. 10!. The field and laboratory measurements included dis-
solved oxygen, nitrate nitrogen, total Kjeldahl nitrogen, active phosphorus,
total phosphorus, salinity, extinction coefficient, total and fecal coli-
form, pH, temperature, and chlorophyll-a. With the large number of samples
taken under various conditions over a one-year period, it was possible to
describe the statistical distribution of these parameters at each station.
Most of these distributions were skewed toward the lower values and were
reasonably approximated by a log-normal distribution.

A significant aspect of these distributions was that the phosphorus
and nitrogen results at stations beyond the range of significant influence
from the discharge showed that the Class A Standards for these constituents
were exceeded 10 to 20 percent of the time under natural conditions in the
waters off Sandy Beach. This type of observation points out the inadequacy
of single value standards.

An analysis of the distribution of the sewage effluent using total
phosphorus as a tracer indicated that the predominent direction of the
effluent field was seaward and Makapuu of the diffuser with some influence
toward Blow Hole, but almost none discernible at the station 700 ft �12.8
m! directly shoreward of the diffuser. This observation along with some
dispersion calculations was the basis for the proposed SOD-foot shoreward
dimension for the zone of' mixing. Because this shoreward dimension is
largely based on the results of the water quality measureme~ts, it should
be confirmed by the suggested quarterly monitoring program including
monitoring of biological indicators. Further, as the discharge reaches
about 4.2 mgd, monthly monitoring should bc begun to determine if the
shoreward dimensions of the zone mixing should be altered or some other
alternative implemented. The 4.2 mgd figure was calculated to give a 4SO
dilution under a typical current turnaround condition This condition
consists of an initial slowing to about 0.2 knots causing initial dilution,
and a subsequent dispersion for a circular travel distance of about 1500
ft at a current velocity of 0 3 knots.
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The water quality measurement results generally confirm the conclusion,
drawn from the current and dispersion pattern of the study, that the pre-
dominant transport mechanisms are the tide-induced currents which oscillate
roughly parallel to the bottom contours in the area. The bottom ccnfigu-
ration in the Blow Hole direction of the diffuser is characterised by a
series of spurs pointing seaward, while in the Nakapuu direction the con-
tours run relatively smoothly at an angle seaward of the shoreline.

A special study to determine the Tso dieoff rate for coliform bacteria
showed that the value at Sandy Beach �6.4 minutes! was in line with the
value of 18 minutes developed by the Oahu Water Quality Study �972!.
Using this value and the 90 percent less-than total coliform level of the
closest sampling station to the State Department of Health shore sampling
station, the Sunn, Low, Tom, and Hara study showed that the sewage effluent
is not a significant contributor to the recently noted increase in coliform
at the shore station. The study suggested that a likely factor in this
increase is the upsurge of recreational use of the Sandy Beach Park area.

BIOLOCilCAL OBSERVATIONS AND MZASURERKNTS. Since the effluent being dis-
charged at Sandy Beach comes from a secondary sewage treatment plant, it
contains relatively few settleable solids. Most of the effects on benthic
communities around sewage outfalls at other locations have been attributed
to solids accumulation. These factors suggest that there should be little
effect on the benthic community as a result of the secondary effluent dis-
charge at Sandy Beach. This suppositio~ was confirmed by an extensive
biological survey of the area and by comparisons to similar areas that have
no sewage outfall.

Benthic effects attributable to the effluent were confined to a radius
of 10 to 20 ft �.04 cm to 6.08 cm', around each of the four active diffuser
ports and consisted primarily of a reduction of coral  Pock ZZopara! cover-
age and a slight increase in the density of a long-spine sea urchin of the
genus Zohinothz ix. Outside of this area the Poaillopoza coverage was found
to be principally a funct'ion of habitat and the measured diameter growth
rate of 2.6 to 3.6 cm/yr was somewhat higher than the 2.2 cm/yr reported
by Grigg  personal communication 1972!, but judged to be normal for the
young heads measured, although the s light increase in particulate organic
matter in the vicinity may have been stimulatory.

The coverage of two species of the benthic algae of the genus
Bictyop&ria was found to be primarily influenced by the factors of bottom
type, surge, light, and predation. Densities of these algae similar to
those at Sandy Beach were reported by Harger �972! off Waikiki and were
also observed north of Makaha, at Wailua-Kapaa  Kauai!, and off Niihau
where there was no sewage effluent discharge. The net growth rate of
D7.otyoptarte at Sandy Beach �2 grams tdry weight] per month per square
meter! was very similar to the 50 grams/mo/m reported by Harger {1972! for
Waikiki. The short-spined sea urchin ~pne~tea was found to feed on
Daotgoptert',s and effectively clear large areas of the algae The periodic
deposition of this algae on the beach is due to surf and surge actions and
cannot be connected with the outfall� according to the Sunn, Low, Tom, and
Hara study.

The effect of the sewage effluent on the organisms in the water col-
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umn appeared to be limited to the immediate vicinity of the diffuser.
Median chlorophyl,l-a levels  which indicate phytoplankton density! at the
water quality sampling stations showed no discernible influence of the
sewage effluent. There was, however, a probable influence on the numbers
and types of fish in the vicinity of the diffuser. This was especially
noticeable at the most seaward diffuser port where the effluent was higher
in suspended solids. At this diffuser there consistently were large num-
bers of maomao which were observed to feed on the effluent particulate
matter. The eggs of these maomao in turn were observed to serve as a food
source for several other types of fish.

KANEQHE AND KAILUA BAYS

Nature of the Situation

Kaneohe Bay, located on the eastern or windward coast of Oahu, is the
largest and, perhaps, the finest bay in the Hawaiian Islands. Every source
of quality factors generated by urbanization of land is to be found in the
bay area and exerts its own special influence upon the quality of bay
waters. Sewage effluents, at least ten surface streams, and storm water
from urbanized and drained land all discharge into Kaneohe Bay which is
periodically dredged. The bay is used for swimming, water skiing, fishing,
boating, and other water-oriented sports. It is the source of bait-fish
for commerical fishing and a haven of aquatic life of great mari~e impor-
tance. It is also probably the most researched body of water in Hawaii,
challenging the ingenuity and the curiosity of men and women with almost
every conceivable interest in water-associated phenomena and aquatic life
relationships.

As a situation in which to evaluate the effects of urban land use on
coastal water quality, Kaneohe Bay offers little immediate prospect for
productive investment of short-term grants- to the QCW Project. The dif-
ficulty of associating any observed coastal water quality effect with the
aspect of urbanization most responsible for that effect has already been
cited in this Chapter. Moreover, the massive research effort which has
been previously focused on Kaneohe Bay has long since found its ecosystem
to be under stress  Smith, Chave, and Kam 1973!. Many observers have
pointed to toxicity of sewage effluents, previously thought to be harmless,
as a major cause of adverse biological conditions within the bay's waters.
This conclusion has led engineers and scientists to propose intercepting
all sewage now discharged to the bay and discharging it through an ocean
outfall off Mokapu Point, after appropriate treatment.

From the standpoint of studies intended to reveal the relationship
between coastal water quality and urbanization of land, for the purpose
of assisting public officials and institutions in generating effective
control measures and systems, the Kaneohe Bay situation presents two
major challenges:

l. A study to observe the changes in the water quality and aquatic
biota of Kaneohe Bay following the diversion of sewage effluents.

2. A study of the changes, if any, which occur in the waters of
Kailua Bay once the deep ocean outfall is in operation beyond its
inshore waters.
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Both of these are extremely high priority studies in the interests of
coastal water quality management. The first, however, is infeasible until
some later date, the vast literature on Kaneohe Bay having already estab-
lished the baseline against which its findings can be evaluated  Cox et al.
1969!.

The second, however, has both long-range and immediate aspects. Obvi-
ously data on the effects on coastal waters of an ocean outfall cannot be
obtained until the facility is in operation. Such data, however, cannot
be evaluated without baseline data on Kailua Bay. Thus, the Kaneohe Bay
situation creates a need for studies of Kailua Bay. To such a study the
QCW Project turned its attention in 1972-73.

Both the Kaneohe Bay situation and the proposed sewer outfall off
Mokapu Point are summarized from several sources in the First Ann~al Prog-
ress Report �972! and are not herein repeated in any detail. Basically,
the proposed outfall would extend eastward from Mokapu Potnt, a distance
of 5000 ft �524 m! from shore, with the final 960 ft �92,61 m! serving
as a diffuser section in depths ranging from 90 to 105 ft �7. 43 to 32, 0 m!.
The effluent, estimated to reach 33 cfs �6.1 cu m/min! by the year 1993,
would be diluted at least 100 times by sea water u~der seasonal conditions,
with an expected dry weather dilution of about 200 times. Due to lack of
density stratification, the effluent is expected to surface Therefore,
design criteria will require that all aesthetically objectionable material,
visible suspended solids, flotage, or obvious sources of discoloration
must be removed.

Most of the occan bottom material at the outfall site is coral for-
mation with small pockets of coarse sand Live coral is found down to 30
or 40 ft  9.14 or 12.19 m!. A huge and lush coral reef at the 10-foot
depth is at the site of the proposed diffuser. Below this depth the bottom
is composed of much dead coral. The ocean water in the general area of
the outfall has been described as relatively pristine, probably due to the
strong ocean currents at the proposed di ffuser depth. To establish base-
line data on such parameters as nutrients, clarity, pH, temperature, and
salinity, the City and County of Honolulu had its consultants monitor
waters in the outfall area at several depths down to 50 ft �5.24 m! at
14 stations over a period of one year.

Unanticipated adverse effects of the Mokapu Point outfall could, of
course, be corrected: the degree of treatment of sewage and the processes
involved in treatment, could be changed if necessary to meet discharge
standards considered appropriate at the time.

A study of the biota of Kailua Bay, including a fish survey and a sur-
vey of micromolluscan assemblages, was made by the Water Resources Research
Center of the University of Hawaii in 1972-73 under a contract with the
Department of Public Works of the City and County of Honolulu. The work
was performed by Dr. S. Arthur Reed and Dr. E. Alison Kay, both partici-
pants in the gCW Program. With the permission of the authors and the
sponsoring agency, the results of this study are hereinafter presented to
establish a baseline for interpreting the effects of urban sewage upon the
quality of coastal ~aters
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A BASELINE SURVEY OF BENTHIC BIOTA IN KAILUA BAY, OAHU

Introduction

The purpose of this study is to survey six stations in Kailua Bay,
Oahu to provide a general description of the benthic condit'ions and to
quantitatively determine the dominant benthic flora and fauna at each
station. The report of survey of fish species and abundance and an anal-
ysis of micromolluscs in sand samples collected at each station follows.

The information from this survey will add to data already collected
in Kailua Bay in other studies: an oceanographic survey  Bathen l972!
and the Mokapu Outfall Baseline Study  Western, in preparation!. The
latter report is also a biological survey but covers stations other than
those included here.

Four shallow water stations �0 to 20 ft deep or 3.05 to 6.10 m! and
two deeper stations �5 ft deep or 13.72 m! were selected to coincide with
the physical parameter stations of Bathen's survey  Fig. 3.1l!.

Station 1  heathen Station 12! is l8 ft �.49 m! deep about midway
between the present sewage outfall and the proposed Mokapu outfall align-
ment.

Station 2  Bathen Station ll! is in 20 ft �. l0 m! of water within
200 ft �0.96 m! of the present sewage outfall.

Station 3  Bathen Station l0! is 20 ft �.10 m! deep on the coral
"barrier" reef about midway between the present sewage outfall and Popoia
Island  Flat Island! .

Station 4  Bathen Station 9! is 10 ft �.05 m! deep in a channel be-
tween Popoia Island and the barrier reef.

Station 5  near Bathen Station 7! is in 45 ft �3.72 m! of water
dii.ectly seaward  NE! of Popoia Island.

Station 6  Bathen Station 8! is 45 ft �3.72 m! deep in line with the
northern Mokulua Island and Wailea Point on shore.

Survey Methods

A number of different data collection techniques were used depending
on the type of substrate, depth, surge, and water clarity.

One Meter Quadrat: At Stations l, 2, and 4, where algae constituted
the dominant benthic organism, a l meter quadrat constructed of aluminum
tubing was dropped to the bottom. l.ocations were chosen that appeared by
visual inspection to generally typify the algal distribution and abundance
of the station. Five separate meter quadrat samples were gathered at
each station. Within each quadrat as much algae as possible was carefully
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FIGLRE 3.11. BENTHIC BIOTA STATI NS I TO 6 AM! ASSOCIATED

OCEANOGRAPHI C STATIONS' KAI lUA BAY, GAHU.
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picked by hand from the bottom and placed in a plastic bag. Each quadrat
sample was later sorted into species, dried in an oven at 110' F �3.29'
C! for 24 hours and then weighed on a Mettler HIS single pan balance to
the nearest milligram.

Photographic Transect: At stations where water clarity and surge
oermitted color photographs of the bottom were taken using a Nikonos
camera with a 28 mm lens and Honeywell 770 electronic flash enclosed in
an Ikelite underwater housing and mounted on an aluminum support frame.
The frame positioned the camera a fixed distance from the bottom so that
an area exactly 1 m bv 2/3 m was photographed. The color transparencies
were later projected on a gridded screen to determine percent substrate
cover.

Joint Point and Nearest Veighbor Technique: This technique, modi-
tied from Batchelor �971! was used to measure density and distribution
of heads of the coral Pooillopoza meander dna at Station No. 3 A 30 m
transect line, marked at each meter was laid on the bottom. Distance
was measured from a random meter point along the transect line to the
nearest coral head and from that coral head to its nearest neighbor.
Twenty five such measurements were taken. Diameters of the coral heads
were also measured. Density, di stribution, and percent cover of coral
was calculated.

Linear Transect: A 30 m nylon transect line was laid on the bottom
and drawn taut. The length of transect line lying directly above the
separate living coral heads of different species was measured. The line
was then moved to a new, nearby location and measurements again taken.
lkeasurements were summed and used to calculate percent coral cover

Meter Quadrat Transect: To estimate sea urchin density at Stations
Vo. S and No. 6. a l m quadrat constructed of aluminum tubing was laid
on the bottom and all sea urchins of the dominant species within the quad-
rat was then flipped over repeatedly and sea urchins counted in a total
of 30 m

Survey Results

Station 1; The bottom at this station slopes gently seaward and
consisted of a flat, hard limestone substrate of coral and coralline algae
origin. Occasional wide shallow depressions contained pockets of sand a
few inches deep. The bottom was pockmarked with many small holes, the
results of characteristic abrading action of the sea urchin, Zehirzornetz'a
matthaei. Dominant benthic organisms were algae and, to a much less ex-
tent, living coral.

Al al abundance, reported as dry weight of all algae gathered within
S one m quadrats  see Table 3.18! averaged 45.577 g/m . Fourteen spe-
cies of algae were identified in the samples, the most abundant being
Diotpopte~s sp. and Galazawra sp., together contributing over SO percent
< the total dry weight. In all algae samples a large fraction was im-
possible to separate into species because of dense matting and interlacing
of filaments and branches. This combined fraction is reported as mixed
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TABLE 3.18. DRY WEIGHTS  g! OF SPECIES OF BENTHIC ALGAE COLLECTED
wITHIN 5 04K~TER QVIILIQTS AT 5TATION l.

SPECIES

7.633 12.303 17.80414. 218 19. 816

13.162 10.964 14.627 8.0789.906

4.923

1.743

10.854 3.6301. 333

2. 991

1. D650,521 2,024

1.106 0.5521.692

0.6210.541 1.168

Dhctyota acuthlohx

laurencha sp,

Dhctyoephaecia oavernoea

Codhum edule

2.047

l. 441

0.027 1.075

0. 525 D.202

0.486Tuz4h~ sp.

CodhMm ambhcMs

0,120

0.45D

Pctdl.f4' jQpollsccz

NIXEO SPECIES

0. 338

7.632

42.882

19.684

60.530

5. 103

43 ~ 637

10.155

32.529

17. 135

43. 306

hDTE: AVERAGE ORY WEIGHT = 43.577 8g>s

species

Coral cover was very sparse and, measured by the photographic tran-
sect method, was calculated to be less than 5 pezcent Dominant species
were small patches of the encrusting coral Poli tes 2obatc and occasional
heads of Poci 22opoz'c mscnc2z'inc. A few patches of 1ontipoz'cz verrucose
were also seen.

Sea urChinS Seen during the diVeS Were ZchT'.nometZa matthaeI.,
2'~pneustes gz'at7.22a, Echinothmx ca2czIIczz'is, and EchizIostz ephus ac~cu2atus.
Sea urchin abundance was too low to be measured by any of the quantitive
transect methods used.

Station 2: This station is located within l00 m of the present sew-
age outfall, The bottom consists of a hard, flat limestone substrate with
occasional shallow, broad, sand filled depresssions. As at statio~ l,
numerous small holes in the rock indicate the presence of the sea urchin
Rch7.nomefz'c matthaei. Algal abundance averaged 55.062 g/m  Table 3.19!.
Fourteen species of algae were identified i,n the samples, eight of which
were also found at Station l. DI'.Cfycptem" Sp made up 58,5 percent Of
the total dry weight, U2va fcscl.aia, although it made up only 4.8 percent
of the total dry weight, was prominent visually on the reef.

Coral cover was estimated to be less than 2 percent, using the photo-
graphic transect technique. Only two species of coral were seen, Poz.Les
lobata and Poci 22opo~ meazzdrinc.

Dhctyopteme sp.

'Ga~ sp.

REO ALGA, IPIIOENT.

REO ALGA, WIOENT.

hfhcpodhctyoFI sp.
Zchchog loca sp.

yalhmeda dheochdea

lA 18 K 10 lE TOTAL

71. 774 31. 5

55. 927 24, 5

20.740 9.1

4. 734 2.1

3.610 1.6

2.350 1.0

2.330 1.0

2.047 0.9

1.441 0.6

1.102 0 5

.726 0.3

.606 0.3

.450 0.2

.338 0.2

59.709 26.2

227.884 100
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TABLE 3. l9. DRY WEIGHTS OF SPECIES OF BENTHIC ALGAE COLLECTED
WITHIN 5 ONE-METER gUADRATS AT STATION 2.

2D 2E TOTALSPECIES 2A 28 2C

DictyopterCe sp.

Codi wm arabioMs

56. 790 27.922 39. 061 26. 730 10. 563 161. 066 58, 5

23.059 8.4

12.578 4.6

10. 555 3.8

8. 336 3.0

8. 086 2.9

5. 640 2. 1

5. 187 1.9

4. 909 1.8

4. 142 1.5

3.904 1.4

0.634 0.2

0.177 0.1

0.050 0.0

23.938 9.4

275.310 100

10.729 8.972 3.358

Kva fasoiata

Galasaura sp.

Daspa sp.

AeparaI7opate sp.

Jania sp.
Ha&veda diecoidea

2. 152 4.037 2.060 1.702 2.627

. 188 6. 072 1. 281 3. 014

8. 336

8. 086

3. 060 2.580

1.276 1. 296 2. 615

4. 754 0. 155AD ALGA, LNI DEMT.

Graot2aria sp.

TrichogZoaa sp.

Choe&oco~e sp.

Diotyoephaeria sp.

Dictyota sp.

MIXED SPECIES

4.142

0.390 0.616 2.660 0 .238

0.4640.082 0.088

0. 177

0. 050

TOTAL 66.804 53.409 52. 386 51.600 25 . 173

NQTE: A~ DRY wEIGHT = 55.062 8/aP.

Sea urchins seen were 8'chinometra mafthaei, Tripneuetes grati22a, and
Kchinothz'ix calarnzma. Low numbers of these species prevented accurate
quantitative abundance measurements.

Station 3: This station is located in about 20 ft �.10 mj of water
on the poorly developed barrier reef which extends intermittently along
the length of the bay. It receives the full energy of large open ocean
waves and, during storm conditions, is the region of heavy surf action.
The bottom consists of a very irregular hard limestone substrate inter-
rupted frequently by large mounds and crevices up to l0 ft �.05 m! deep
and 6 to 8 ft �.83 to 2.44 m! wide, These crevices generally run per-
pendicular to shoreline and contain sand several feet in depth. Even in
calm seas this station experiences strong surge currents.

The coral PociZZopora meandr~na was the dominant benthic organism.
Density of these coral heads was 1.27 /m  n=2S! using the joint point,
nearest neighbor technique. Average diameter of the coral heads was 16 cm.
Assuming the heads to be spherical, the average bottom surface area cov-
ered per head was 207 cm . From these values, coral cover was calculated
to be 2.6 percent. A few very small colonies of other coral species were
seen during a 10-minute search period in the area including Pavona
~2unuZata, Nontipora verviZli, Nontipora fhzbeZZata Punqia san~,
C'pphasCrea oce22ina, and Pauona sariana. Total percent cover of these
species was negligible.
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Station 4: This station is located in a shallow channel between
Popoia Island  Flat Island! and the barrier reef in about 10 ft �.05 m!
of water. During high storm wave conditions, heavy surge action is pre-
sent. The bottom is flat with a thin layer of sand over a hard limestone
substrate. The sand is firmly held in place by a dense and closely cropped
mat of algae.

No coral was seen in the channel area, although small patches were
growing on the mounds of the barrier reef to the north of the station.
Algal abundance averaged 63.148 g/m  Table 3.20!. Seventeen species of

TABLE 3.20. DRY WEIGHTS OF SPECIES OF BENTHIC ALGAE COLLECTED
WITHIN 5 ONE-METER QS~NTS AT STATICN 4.

SPECIES 4A 4e 4E TOTAL

84.637

33.661

26.773

19.971

10. 861

26.877aKieeda diecoidsa 22. 276 5.983 11.132 28.547

9. 861

10.370

16.460 10. 7

8.5

6.3

3.969

4. 5938.351

1.6135.831 6.460

0.016 8.710

2. 011

0. 156

!.056

0.521 2.061 1.1621.847

1.463 2.1160.095

2.0181. 937

0.989 0.050 0.389D. 540

1. 391

0.952

0.3640.303

Colpomenia sp.

Aaanthopho~ sp.

Borate lla sp.

MIXED SPECIES

Q. 259

0. 138

0. 022

26.199

68.826

35.485

84.542

12.218

61.521

10. 411

33 950

22. 190

66. 902TOTAL

NQTK- AvERAGE ORY wEIGHT = 63.148 g/e~.

algae were identified. Haluneda diaooidea was dominant, comprising 26.8
percent of the total dry weight. With the exception of a single specimen
of the holothurian, Holothuria atra, no other benthic organisms were seen
during the survey.

Station S: The bottom at this station was hard limestone and pre-
sented a gently rolling profile with a few crevices up to two-feet �.61
m! deep which contained small amounts of sand. Coral was the dominant
living organisms affixed to the substrate. Using the linear transect
technique, coral cover  Table 3.21! was calculated to be 13.5 percent
with Pozitea lobata and Nontipora un'ruooea accounting for 10 percent.

Sargaeeum sp.

TrichogIoea sp.

Dictyopte~e sp.

Dictyota acuti Zoba

GaLanxura sp,

Hyped sp.

Padhna Japonica

Laurencia sp.

Dictyoephaeria sp.

RED ALGA, IPl I IXNT.

Scsaaa sp.

Aeparagopeie sp.
Coda',wn arabicum

16.699

3.365

3.459

3 990

1.859

8.865

0.183

1.373

0.506

D. 399

1.604

9.921 3. 1

6. 374 2.0

5.047 1.6

4.461 1,4

2.367 0.8

1.604 0 .5

1. 391 0.4

0.952 0.3

0.667 0.2

0.259 0.1

0. 138 0.0

0.022 0.0

106.623 33.8

315.741 100
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TA ' E 3.21 PERCENT CORAL COVER AT STATION 5 ~URED
BY THE LINEAR TRANSECT tKTHOD.

LENGTH OF LIVE CORAL UNDER
TRANSECT LINE  cm!

PERCENT
COVERSPECIES

Po~tsa Wbata 326 5.4

N.6285

161

Pavona variants 0.1

TOTAL 13.5

NOTE: TOTAL TRANSECT LENGTH WAS 60 METERS.

Six species of coral were measured. A few large heads of Po~tea Iobahz
about 3 ft �.91 m! in diameter and 2 ft �.61 m! high were seen in the
area, although they did not fall under the transect line.

Density of the sea urchin, Tripneuatea gz'atilZa, was calculated to
be 1.S urchins/m in a total of 30 m using the meter quadrat transect
method.

Station 6: The bottom was relatively flat, hard limestone with broad,
shallow depressions which contained sand a few inches deep. A few mounds
of dead and heavily eroded coral skeletons occasionally rose above the
substrate. Only small patches of living coral a few inches across and
widely separated were seen. Coral cover using the linear transect method
was calculated to be considerably less than 1 percent.

Density of the sea urchin, T~pneustee gr atoll.la, was 1.4 urchins/m
using the meter quadrat transect method.

No algae were seen within the transect area, although large and dense
patches of Diotyoptevie sp. have been observed gro~ing in this general
region.

A summary of results of the quantitative measurements at all six
stations is shown in Table 3.22.

Discussion

Stations 1 and 2 were very similar in appearance. Both of these lo-
cations receive the full force of large, open ocean waves which move into
the bay during most of the year. Bottom surge is strong and continuous,
except during the calmest seas. These factors are probably important
selective factors in determining settlement and growth of coral. The
flatter, encrusting coral Por7.tea lobate and the robust coral heads thrive

Hontipaza verruooaa

Pocillopora meandrina

Montipore verriI.li

Poei / lo pora E i~ I,a ta

29

13

8

822
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in regions of strong wave action  Grigg and Maragos, in press!

Algal growth at the two stations was similar both quantitatively and
qualitatively. Fourteen species were identified at both locations with
eight of these being common to the two. Dictyopteris sp. made up a much
larger percentage of the total algal dry weight at Station 2, near the
outfall, than at Station I.

It is also notable that Viva faaciata was abundant at Station 2, but
absent at Station 1. This species is often cited as an indicator of in-
creased nutrient load and fresh water outfalls.

Coral abundance and diversity at Station 3 is typical of other re-
gions around Oahu of equal depth exposed to strong wave action. Poci22opoza
meara'ina is usually the dominant coral with other species of encrusting
corals present, but in very small and widely separated patches.

The two deep Stations 5 and 6 appeared to be subjected to the same
environmental conditions. They were quite similar in general bottom
topography and about equally exposed to wave action. Density of the sea
urchin, Tr'ipneuates grati22a, was also comparable. The great difference
in abundance of coral may therefore be merely a function of sampling site
selection rather than differences in environmental factors.

Based upon the measurements made at these stations and on observations
made during other dives in these waters, a general description of the
distribution of benthic biota can be given. Most of the inner bay be-
tween the Kawainui Canal to the north and Wailea Point to the south is a
sand bottom extending from the shoreline to about 20 ft {6.IO m! deep.
Constant moving and grinding action of the sand particles by wave action
effectively prevents the settling and growth of fauna and flora and the
region is devoid of any benthic algae or coral, A ridge of coral rock
parallel to and about I/4 to I/2 mi �.402 to 0.805 km! from shore in the
southern half of the bay serves as a weak barrier reef and receives the
brunt of strong open ocean waves. Near Popoia Island this reef is exposed
during extreme low tides. Sparse coral growth on this ridge, largely
Paci 22opor'a meancMna serves to add new cor~l material and maintain the
reef. Beyond this barrier reef in the southern part of the bay and ex-
tending almost to shore in the northern part, the bottom is made up of
tlat or gently rolling limestone substrate covered intermittently with
patches of algae and coral. Extensive beds of the algae, Dietyopter'is sp.
can be seen on days of good water clarity growing at depths of 20 to 50 ft
�.10 to l5.24 m! in the southern regions of the Bay. Dominant corals in
the deeper �0 to 50 ft or 9.4 to 15.24 m!, more seaward regions are
Po&.tea 2obata, Paei22opora meam&ina, and Nontipora vermcoaa. Other
common invertebrates associated with the coral rock substrate are sea
urchins, T~pneuatea grati22a, Echinomet~ matthaei, and Zchinot~
ca lama>is.
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COASTAL 4IATER QUALITY AND SUGARCANE MANAGEMENT

Sugarcane management and adjacent coastal water quality, discussed in
the first annual QCW progress report, WRRC Tech. Rep. No. 60, involved
initial evaluation of two specific situations on the island of Kauai,
although reference was also made to a study conducted by R.W. Grigg �970!
on the Hamakua coast of the island of Hawaii. 'Ihe two situations on
Kauai were the Kilauea Plantation area on the north coast and the McBryde
Plantation on the south coast. There situations offered unique oppor-
tunities to investigate both the rather abrupt changes in sugar manage-
ment of solid and liquid waste practices at the 51cBryde Sugar Company and
the actual ceasing of operations at the Kilauoa Sugar Company.

The changes in the McBryde Sugar Company's operations involved the
installation of more than 7G small settling basins to control irrigation
tailwater and storm water runoff and adopting positive controls to reduce
the malfunctioning of a hydroseparator which is used for the sediment
removal of cane washdown waste water. Limited analyses from two previous
reports  Kennedy Engineers 1967; EPA Report 197l! were reviewed in the
first QCW progress report in which the various operational aspects of' the
plantations were also outlined. The QCW project's experimental aspects
of the study were minimal until the summer of 1972; thus, the first
progress report was concerned mainly with relevant background information.
Theretore, the progress report herein presented does not repeat the al-
ready documented results of the McBryde Company's present and past opera-
tions and cultural practices. Instead, it concerns the experimental re-
sults obtained from the QCW coastal monitoring program and their evalua-
tions.

Cessation of the Kilauea Sugar Company's operations in 'Aovember l971,
after 94 years in business, occurred at such a time as to afford a "betore
and after" study situation. The decision to close out the company's
operations was apparently made for several reasons, the least of' which was
the fact that their tonnage of raw sugar harvested per acre was the lowest
of the seven sugar companies on Kauai. The principal reason for thi.s low
production was believed to be the plantation's location on the wind swept
north coast.

The waste water from the mi!ling operation, which was located approxi-
mately one-half mile  .805 km! from the ocean, was flumed for a distance
and discharged into nearby Niu Stream, which subsequently entered the ocean
and produced a characteristic plume that generally extended for several
miles. For the last three years before ceasing operations, bagasse and
cane trash were removed from the waste water flow, however, approximately
one-third was still transported by the waste water flow to the coastal
~aters where bagasse and cane trash were built-up on the beach in depths
that exceeded 2 ft  .6096 m!. In addition to this point pollution source,
nonpoint discharges also occurred on occasion from irrigation tailwater
overflow, storm runoff, and intentional irrigation water bypass.

The "before" study involved: an extensive physical, chemical, and
biological study during July 1971 of the coastal waters and sediments in
the area believed to be affected by the waste water in Niu Stream; physical
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and chemical analyses of waste waters; and review of the company's past
records of operation, including cultivation practices, and fertilizer and
pesticide applications. The "after" study involved quarterly monitoring
of selected coastal water stations and Niu Stream.

The first progress report included a rather thorough study which com-
prised not only the corapany's past practices and the coastal station
studies previously mentioned, but also studies involving soil, geology,
hydrologic budget, and approximately one-half year of coastal monitoring
after milling operations had ceased. As was mentioned for the 4lcBryde
Sugar Company's operation, the present progress report covering the
Kilauea Plantation area does not repeat the background material already
documented in the first progress report, except when necessary for clari-
ty, but is primarily concerned with the QCW monitoring program.

FIELD AND LABORATORY OBSERVATIONS

Inasmuch as various specialized laboratories were participating in
the sampling program, such ~atters as the size of sample, method of
sampling, type of container, and special handling requirements were deter-
mined in advance of any sampling trip so that any single sample ~ould
serve the needs of the various specialized laboratories. Because of the
distance between the McBryde and Kilauea Plantation areas two separate
sampling boats were required.

Due to the urgency of obtaining samples before and immediately fol-
lowing the shutdown of the Kilauea Plantation activities, a greater
initial effort was expended in this area than in the McBryde Plantation
area.

Kilauea Plantatlon Area

The "after" phase at the Kilauea Plantation area, or more appropriate
the former plantation area, is based on the premise that the mill dis-
charge was the primary detriment to coastal water, sediment, and biota
quality. This assumption was prompted by observation of a characteristic
plume and waste deposition in the adjacent coastal water when the mill was
operating and discharging waste. water and was covered in the QCW first
progress report.

Of less apparent magnitude in generating changes, if any, in the
coastal environment are the nonpoint pollution sources. In all probabi-
lity these will be altered by the substitution of sorghum culture and
pasture operations for the original sugarcane culture. A description of
the essential difference between sugarcane and sorghum culture has al-
ready been adequately described in the /CD first progress report. Cattle
grazing is being introduced during this period of transition.

The most notable physical change that occurred following the cessation
of mill activities in November 1971 was the general absence of the thick
mats of bagasse and cane stalks on the beach, especially within one-quarter
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mile  .402 kr.,' of the Niu Stream discharge point. By the following May
�972!, after one winter's storm, these had essentially disappeared. Bagasse
and cane stalks were still contained within the soil delta of Niu Stream but
only a very small amount of cane stalks was noted near the high water mark
within 1 mi �.609 km! of the beach. Since the gCK study bega~, the beach
configuration has been observed to have altered seasonally in height by an
estimated 15 ft �.57 m} and in width of nearly 100 ft �0.48 m!, although
a baseline topography survey was not performed, Sampling stations for the
/CD studies in the Kilauea Plantation area were selected to complement the
July 1971 study by Russo. The location of these sampling stations are shown
in Figure 4.1.

Changes in guality of Ocean Hater

Some of the apparent effects on ocean water quality, as a result ot
cessation of operations of the Kilauea Sugar Company are suggested by
Table 4.1, which reports the findings of analyses for nutrients, heavy
metals, and pcs tie ides at several samp1 ing stations, mostly between
Kilauea Point and the west side of Kalihiwai Bay  Fig. 4.1! . The stations
are located in water depths of 30 to 40 ft  9.14 to 12.19 m!. The data
show that by July 1973 �0 months after the mill had ceased operations!,
the concentration of the nutrients, potassium and phosphorus, had de-
creased to levels of about 490 mg/f and <0.01 mg/f., respectively. Nitro-
gen data were not reported. l.ead was detected in the 1 to 4 ug/4 range,
but cadmium and mercury were not detected. DDT and PCP were also not
detected, in contrast to earlier reported results.

The potassium data reflect little change from the conditions ob-
served during the period immediately before and after the cessation of
Kilauea Mill operations. The phosphorus level is within the stipulated
requirements of the ~ater quality standards for Class A waters. There
has been a decrease of from 75 percent to RS percent in lead levels in
the coastal waters since the mill has stopped operating. The overall net
result can be categorized as a marked improvement in water qual.ity as
measured by these parameters.

Nutrients, Metals, and Pesticides in Sediments

inasmuch as numerous compounds, especially those involving heavy
metals, pesticides, and phosphorus are more likely to be absorbed in
soil particles than dissolved in water, it was anticipated that sediments
rather than water might be more reveal.ing of effects of land use activi-
ties, especially milling operations, on the coastal water environment.
Sediments, and especially the fines and clayey fractions, by their very
~ature of sorption, tend to serve as a sink in which some quality factors
accumulate. For this reason and because of the possible effects of
sediments on marine biota, sediment analysis was made an important aspect
of the experimental phase of the study.

Sediment input to coastal waters should theoretically decrease by
the quantity of sediment reduction experienced with the cessation of the
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TABLE "..I. NUTRIENTS, METALS, AND PESTICIDES IN OCEAN WATER,
NORTH KAUAI, 197I-73.

DATE OF STATION K P N Pb Cd Ng GOT PCP
MPsER  ag/4!  ag/t!  ~g/C!  vg/L!  I g/L! �4I/t!  ~g/t!  ~g/2!

11/15/71 2 3 6 7
12

0.4

01/13/72 20
26
6

10
6
5

2 7
2 18
1 1
1 7
1- 9
1

DOE r GOD> PKPTACtlAXi tKPTACH-OR EPOXIDEi 4t4! ALORIN ICIT
LMATE--I ng/I~ ALL STATICNS
DIEU%IN--I ng/1, STATIIAS 2A, 3 AKO 5 INLY
M ORDANE � 1 n 1, ALL STATIR4s ExcEPT Sp 6p AhD 7

"AFTER GOLDBERG 1963.

waste water load from the mill's activities in addition to the difference

in Sedinlent production between Sugarcane culture, and Sorghum culture and
pasture land. Sorghum culture requires only about 70 percent of the
water that sugarcane requires However, numerous cultivation practices,
soil types, topography, and land management practices are involved, there-
fore, it is not feasible to extrapolate, without extensive analysis, the
sediment output from two different crop cultural practices.

Another influencing factor is the accumulated materiaI from the mill's

05/22/72 ZA

4
5
6
7

07/27/73 1
2
2A

5
6
7
8
9

12

07/27/73 A~
OK@ICAL CCHPOS I-
TION OF SEA WATER»

575 0. 04 12 2
525 0. 04 12 2
500 0.02 16 2
500 0.03 . 10 2
500 0. 03 10 2
500 G. 04 10 2

500 0. 03
375 0.03 lg7
375 0.02 lg!
450 0 02 I87 ID
450 0. 03 IO N!
450 0.03 %! h8

850 0. 01 0. 064 2 hD
888 0. Ol 0. 149 1 f4!
867 0. 01 0. 097 lg>
858 0.01 0 143 2 hD
880 0. 01 0. 085
867 G. 119 Igl hD

482 <0.01 3 lg>
482 <OiOI 2 M!
482 <0. 01 2
518 <0. 01 1 hg
490 <0. 01 2 hD
490 <0.01 fgl Ig!
490 <0.01 M!
490 <0.01 2 hD
490 <0.01 2 l4!
490 <0. D 1 2 hD
490 <0.01 2 M!

380 0.07 0.5 0.03 0.11 0.03
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solid and liquid waste in the bed and sides of Niu Stream from the point
of the mill's discharge to the stream's outlet on the coast. Such was
observed in a field trip up Niu Stream during October 1971. Niu Stream
has not been traversed again since that time by QCW personnel. Cursory
observations of the stream bed condition within a few hundred feet of the
coastal outlet were made in May 1972. The indications were that heavy
storms during the winter and spring, especially one in early May l972,
had removed the major portion of the accumulated stream bed deposits
Thus, the effect of the residual from the mill's activities on the coastal
region since its cessation, particularly for the time period starting
after the end of the first ~inter season, should cease to be significant.

Sediment samples collected along Niu Stream between the mill dis-
charge point and the coastal outlet were collected in October 1971 and
the data presented in Table 4.2. Also collected on that same date were
sediment samples from the beach area in the delta reach of Niu Stream as
shown in Figure 4.2 and Kalihiwai Bay, located more than one-half mile
 .8045 km! west of the Niu Stream outlet as shown in Figures 4.1 and 4.3.

As can be observed from Table 4.2, the nutrient levels in the sedi-
ments obtained at the beach sites in 1973 were less by a large degree than
the amounts found in Viu Stream below the mill discharge in 1971; in fact,
the nitrogen decrease was from 85 percent to 90 percent. The levels of
the metals in 1973 were of the same order of magnitude for the Niu Beach
and Kalihiwai Beach as in 1971. and cons.iderably lower than was present
in the 1971 Niu Stream sediment.

The Kalihiwai Bay beach area is undoubtably most influenced by the
Kalihiwai River. However, as was ~oted in the first qCW project report,
the plume originating from the milling operations often drifted to the
west from the Niu Stream discharge point.

Nutrients, metals, and pesticides in ocean sediments, both before
and after closing down the Kilauea Sugar Company activities, are
presented for comparison purposes in Table 4.3. There was relatively
little change in 1973 from the improved quality noted in January 1972
after the cessation of mill operations. A noteable difference was the
measurement of DDT at all stations in the range from 125 to about 380
ppt. with Station 1 having the highest value of 642 ppt. It ia not
readily apparent whether this difference in DDT levels from earlier sur-
veys represents some changed quality condition resulting from the change-
over at Kilauea from sugarcane to sorghum operations.

COASTAL WATER ENVIRONMENTS AND aroTA

Analyses of Micromollusc Assemblages

The marine ecosystems of the coastal area adjacent to the Kilauea
plantation were intensively surveyed and sampled for composition, diver-
sity, and abundance of the biota over a period of four weeks in August
1971, with additional surveys and sampling at selected stations on
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TABLE 4.2. NUTRIENTS AND METALS IN NIU VALLEY STREAM AND KALIHIWAI
BAY BEACH SEDIMENTS' KAUAI.

0%MICAL CONSTITIIS Cmg/kg, DRY BASIS!

SITE K P N Cd Cu H& Pb Zn
SOURCE OF

R4PI'LE

SED. I 1050 1220 1030 16.6 120.0 0. 16 37.9 98 .0
SED. Ii 1050 1281 1030 14.4 124.0 0.29 33.8 95.0
SED. III 1300 1376 1257 IS.7 170 F 0 o.i6 40.9

K IL-2 2094 1956 1606 h4! 84.4 0 ~ 78 26.6 92 ~ 6NIU STREAM

1973

2 ' 6 19 F 9
1.3 21.4
4.2 20.2
4.6 25.0
4.1 19.7

26 ' 2 44.9
0 ' 09 26.8 50.3
0 F 08 26.7 39-7
0.08 35.6 44.2
F 07 2' 2 9.5

KALIHIWAI
BAY BEACH
10/71

K2
K3
K4
K5

0.06 26.9 3.5
0 ' 10 30.1 7 ' 6
0. 22 15.6 8 .4
0 ' 06 28.8 7 ' 6

hO M! M! 2.7 7.9
N! hG W 2.8 11 ~ 1
hO IO hD 2 ~ 8 8 ~ 4

Kl 3.2 12. 0

BEACH AT
NIU STREAM
OUTFALL
10/71

2
3A
38

KALIHIWAI
BAY BEACH
07/25/73

211 396 39 3.8
237 413 155 3.4
215 414 64 2.6
318 547 51 3.0

BEACH AT
NIU STREAM

07/26/73

2.8 hO 12.5 6.0
4.6 %> 16 ' 3 7 ' 1
39 hG 194 7&
5.2 hO 15.2 13.1

2
3A
3B

September, October, and November, 1971 prior to the cessation of mill
operations in November 1971. The coastal marine communities were also
monitored in May and November, 1972, and again in the spring of 1973 to
attempt to ascertain changes that may have been influenced by the mill's
activities'

Three coasta.l ecosystems are distinguished in the 1971 survey: the
subtidal, which includes offshore assemblages of corals, fish and micro-
molluscs at depths of 3G ft  9.14 m! in the area of the former mill dis-
charge point  Stations I to 4, Fig. 4.1!; the offshore frontal edge of the
reef which fringes the coastline from Kalihiwai Bay to Hanalei at depths
of M ft  9.14 m!  Stations 7 to l3, Fig. 4.1!; and the intertidal reef
flat which fringes the northern section of the area under study  Stations
A to E, Fig. 4.1!.

In the area immediately offshore of the former mill outfall  Stations

NIU STREAM
 DOIAST REAM
FROM DISCHARGE
PL~!
10/71

Kl
K2
K3
K4
K5

704
591
703
606
321

5"3 77
524 hO
640 82
464 &3
252 66

3.7
2 ' 2
3.6
3.5
2.1

15.9
13.9
14.2
16.4
F 9

0,08 33 ' 5
50.6

%! 35.5
29.4
24.4

33 ' 3
33.7
30.5
36.4
11.3
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4. 3. NUTRIENTS, HEAVY METALS' AND PESTICTDES tN OCEAN
NORTH KAUAI AREA, 1971 AND 1973.

TABLE SED I MENTS,

ng Cd

mg/kg mg/kg

Pb

mg/kg mg/kg mg/kg mg/kg

Cm

mg/kg

Zn

me/kg

DOT

ng/kgSTATICS

125

150

79

01/31/7 2
01/12/72

8.2
15.7
14,3
37.8
39.2
11.5
33.1
6.8
7.2

2 3
5
51

6 7
8

8.1
11.8
9

15.9
19.o
8.8

14.9
5.2
3.8

301
237
193
140
139
140
233
250
346

332
558
560
567
632
60S
575
352
394

297
559
545
567
63O
444
438
246
376

57.0
40.0
29.9
24.3
36.7
40.1
45.3
40.1
22.2

4.5
3.5
4.7
1.2
5.1
5.1
4.7

4.9

0.04

2
2A
3

5
6
7
9

12

07/26/73 9.4
14.2
8.9
8.7
8.4

34.2
30.0
4.2

0.03

0.05
N!

1N ALL SEDI~5 llew FOLL$41hL PESTICIDES WERE hGNDETKCTABLE: LI~
tKPTACHLDR EPDXIDEp DIELDRIN~ DOE p DDD~ DDT~ ~~4NE~ Ate ALDR IN. MINUTE JVCXPIT5 OP
PCB WERE DEiiCii! iN ETA~IQNS B, Cp 1, 4, A14! 7.

A
B
C
I
2
3A
4
41
5
6
el
7
7I
8
9

12
12
14

07/07/71
07/07/71
07/22/71
07/Zz/7 1
07/19/71
11/27/71
07/22/71
11/13/71
07/06/71
07/06/71
11/13/71
0 7/16/7 1
11/13/71
07/16/71
07/11/71
07/27/71
11/13/71
07/27/71

437
408
355
136
212

299

190
128

272

244
190
217

680

354
344
311
125
196
80

194
219
215
311

294
'37 0
435
448
359

433

286
471

293

318
347
361

468

319
402
340
396
369
539
510
343
382
341

300
175
150
575
325

275

325
275

250

125
250
75

675

504
532
316
z46
388
512
703
163
215
233

17. 3
18. 7
14.8
6.2

12.3
31.6
7.8

24.2
25.6
16.s
24.0
16.5
30.0
12.6
17.8
18.9
30.0
20.2

20.5
31.6
25.0
z6.2
28.5
20.2
25.4
22.2
25.5
30.0

G.ie
G.is
0.22

0.22

0.22
0.06
0.18
0.15
0.18
0.06
O.G4

2.4
2.0
1.9
2.5
2.5
2.2
2.0
2.5
2.8
1.5
2.2
].6
2.2
2.1
2.4
2.0
2.3
1.6

3.9
4.3
3.7
3,9
4.8
3.6
2.4
3.8
4.1
4.3

8.8
5.6
4.8

11. 4
6.8

12. 3
7.5
6 4

24. 0
16. 9
16. 7
5.7
9-7
5.0
7,8
5.3
7.5

16.4

4.3
6.1
5.9
4.1
4.1

12.9
13. 2
2.9
1.8
8.2

12.8
3.8
4.8

22.0
8.9
9.5

12.9
3.5

55.7
38.0
37.5
5.7
4.8
3.8
4.2
6.4
4.8

47.5

642
183
332
184
189
379
125
197
224
3G9
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to 4!, there was little or no coral growth or other benthic biota. The
micromol.luscs from sediments at the four stations are few in number
�.8/cu cm of sediment! and species, and are of a mixed subtidal-shallow
water composition. The epibenthic coaaaunity at the 30-foot  9.144-m!
depth stations fronting the reef  Pig. 4.1, Stations 7 to l3! which
exhibit 50 to 80 percent coral cover, is dominated by Rontipoz'a., but the
coaaaunity shows little coral diversity. Sea urchins, which comprise a
signi.ficant part of the subtidal communities along many Hawaiian shore-
lines, are less abundant and diverse than in comparable areas elsewhere.
There is . however, an abundance and variety of in sita shells of micro-
molluscs in the sediments from these stations with a standing crop esti-
mated at 10,7 shells/cu cm of sediment. Species composition, dominated
by rissoids and diastomids, is similar to that elsewhere in the Hawaiian
Islands at comparable depths. The reef flat is characterized by a pre-
dominantly cerithioid/rissoinid assemblage of micromolluscs, with stand-
ing crops of from 5.8 to 11.8 shells/cu cm, and with numbers of species
ranging from 29 to 40 in the samples examined,

During the months of mill operation at Kilauea Plantation, discharge
from the mill discolored the receiving waters off the north coast of
Kauai for distances of at least 5 miles {8.05 km! from the outfall, and
at times increased the urbidity of the water thirtyfold. Bagasse and
other cane debris were found both on the intertidal reef flat and sub-
tidally for distances as great as 3 miles �.83 km! from the outfall. In
the first QCW progress report, i.t was suggested that both the low abun-
dance and diversity of the biota of the subtidal stations offshore of the
mill. outfall  in Niu Stream! and also offshore of the reef front may
have either been caused by the effects of wastes di.scharged by mill
operations, or may have resulted naturally from wave abrasi.on and complex
currents in the area.

Since the cessation of mi.ll discharge in the Kilauea area, several
changes have occurred. The turbidity of the offshore waters has decreased,
and bagasse and other cane trash are noticeably disappearing from the
area. Fish populations have reportedly increased.

Monitoring of Stations 1 to 4 subsequent to initial observations,
however, shows li.ttle or no change has occurred in the epibenthic
coaaaunities in the area. These observations, although based on a relative-
ly short span of time, would tend to confirm the hypothesis proposed in
the 04 Program Year that the sparseness of the biota in the region formerly
associated with the mill outfall is largely determined by the physical
parameters of wave action and currents rather than by the effects of
agricul.tural practices.

In 1971 Stations l to 4 were characterized by worn sedimetns with
lov species counts and abundance of micromolluscs  Table 4.5! . The species
composition suggested an assemblage of micromolluscs transported from
both shallow water areas inshore and from offshore subtidal communities
some distance from the area. Data obtained subsequent to l971 are shown
in Table 4.5 A: the sediments snd shells remain as they were in 1971,
worn, poslished, and species composition remains a mixture of shallow
water and subtidal forms. Both species numbers and standing crop
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remain low and are variable.

Station 7, off the fringing reef, was also monitored during the cur-
rent project year 05. It too apparently remains relatively little changed
 Table 4.5 B!. Although both numbers of species and abundance vary in the
four samples analyzed, there is no apparent pattern to the variation; the
differences which do occur may be attributed to different sampling sites at
the station. Common abundance values  based on Nieser, 1960! comparing the
August 1971 sample with three subsequent samples in 1972 range from 60 per-
cent to 68 percent  Fig. 4.5!. These figures are among the highest for all
stations compared by this method, indicating sampling is from a stable as-
semblage. Species composition over the four sampling periods also remains
relatively stable: Rissoina mlt03ona is the dominant species in three of
the four assemblages, and second in the fourth. Shannon-Weaver diversity
indices  Pielou 1969!, calculated according to the formula D = -ZP.log P.,

i 2 1
where Pi equals the fraction of the total individuals represented by each
species, for the samples show values ranging from 4.03 to 4.78  Table 4.5!.

The reef flat stations were not monitored during the program year 05,
but the results of the program year 04 are analyzed in more detail than
they were formerly and compared with those of other fringing reefs in the
islands in Chapter 5 of this report.

From the data several tentative generalizations can be made about
the effects of mill discharge on the receiving waters off the Kilauea
coast of Kauai: 1! there was no evidence that the coastal waters were
subjected to eutrophication, but there is evidence that they were sub-
ject to the physical eff'ects of the discharges, notably in the turbidity
of the water and the presence of discharge wastes, bagasse and trash,
along considerable areas of the coastline; 2! the adverse effects of the
discharges are transitory, as shown by the decrease in turbidity and
disappearance oF bagasse and other trash and by the increased occurrence
of fish in the area; and 3! it would appear that the epibenthic communi-
ties, at least at depths of 30 ft t'9.14 m!, are more strongly influenced
by the effects of waves, currents, and general coastal topography than
by the effects of miil~aste.

SOUTH COAST OF KAUAI: HcBRYDE SUGAR COMPANY

General Description of the HcBryde Sugar Company Area and Operation

As indicated in the Introduction the McBryde Sugar Company, located on
the south coast of Kauai, was selected as a second major coastal zone study
on Kauai because it afforded an opportunity to observe various quality
coastal zone parameters in a situation where sugarcane land use management
and waste water practices have undergone extensive changes in recent
years, and the willingness of the McBryde Sugar Company to cooperate with
the Quality of Coastal Waters project in the study. The McBryde study dif-
fered markedly from the situation at Kilauea where urgency necessitated,
by the rather abrupt announcement of cessation of sugar mill operations,
that to obtain a "before" and "after" st'udy extreme expediency in the
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initiation of the study would be required. Moreover, a modest amount of
data on the quality of coastal waters in the area had been made at about
the time the McBryde Sugar Company instituted land use management and
waste water control measures. In the interim, any irrrzrediate response
of the ocean waters or biota to changed land and water management prac-
tices had long since occurred. Thus, the McBryde Sugar Company provided
an excellent place to evaluate the quality of the ocean water and water
environment in terms of what the industry was not discharging.

On the foregoing rationale, the McBryde Sugar Company lands were
selected as the study area, but because of budgetary constraints and the
relatively slow rate of change to be expected on the south Kauai coast,
the experimental aspects have been relatively miniraal.

The general location of the separately designated land areas  field
plots! are depicted in Figure 4.6. The site of the company's mill and
plantation offices are located in land area SB. As shown in Figure 4.6,
the company lands front on the southern coast of' Kauai for a distance
of 6.5 mi �0.47 km! from Hanapepe Bay on the west to Poipu Road, south
of Koloa, on the east. The plantation covers an area of approximately
22,500 acres �3,162.5 ha!, of which greater than 5900 acres �389.5 ha!
are cultivated for sugarcane. Primarily because the long-term average
annual rainfall has ranged from approximately 24 to 60 in. �0.96 to
152.4 cm!, only about 250 acres �01.25 ha! of sugarcane land is not
irrigated. Nearly all water is applied by furrow irrigation; however,
the company has been utilizing overhead sprinkler systems on a limited
amount of acreage in order to evaluate their water conserving and field
water retention capacities, as well as economic aspects. Experiments
are also being conducted with drip irrigation.

The various classifications of recent land use for the McBryde Sugar
Plantation are presented in Table 4,6, With the exception of pineapple
lands taken into cultivation during 1962 and 1963, the McBryde Sugar
Company has been cultivating the same land since the early 1900's. Cul-
tural practices including fertilization application and techniques have
changed in method over the years as improved equipment has become avail-
able. The average quantities of various types of fertili.zers, herbicides,
and chemicals used in the sugar milling process are detailed in the first
progress report  Lau et al. 1972!.

The McBryde Plantation obtains its irrigation ~ster from a number of
sources. A potential surface water storage capacity of 2 billion gal
�,S70, 000 m ! is stored behind some 19 dams and other small reservoirs,
the largest of which is the B14 million gal �,080,990 m ! capacity
reservoir behind Alexander Dam which is located near the headwaters of
Wahiawa Stream, an area which receives approximately 160 in. �06.40 m!
of rain per year. Part of the water behind Alexander Dam is used as a
county water supply, however, enough is still available to irrigate 1100
acres C.445.S ha! of sugarcane land after it is transferred through tun.-
nels for electric power generation.

Pumped water accounts for 60 percent or more of the water used in
irrigation. There are two wells in the Xukuiula Valley with a combined
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TABLE 4.6. LAND USE, McBRYDE SUGA R CO., LTD., 1972.

LAN! US'E ACREAGE

5,931

12,969

282

SUGARCANE

FOREST

FIELD ROADS

RESERVOIRS

D I TCHES

AGR I CULYUVJ  NOT CANE!

PASTURE

LEASES

MARGINAL AhO WASTE

PQWERL INE EASEHEhfT

271

78

92

lp934

421

74

45

86

18

WOODLAND

RESIDENTIAL AhO CAMPS

IhDUSTR IAL

FALLOW 253

I%D DWP

OTHER  HI SCELLANEQUS!

20

64

22,578

Waste Mater Management

Two major coastal water quality control measures are construction of
some 70 random-sized small ponds at the lowest end of the furrow system
and the use of a hydroseparator followed by retention in a mill reser-
voir before the supernatant is recycled back to the irrigation water
system. Accumulation of solids in the mill reservoir are allowed to dry
after each milling season and then transported to a low lying land area
which is being reclaimed by this practice. Line grades of the furrows

capacity of 6 mgd �2.710 m /day! from which water is pumped into reser-
voirs or irrigation ditches. However, the largest pumping works extract
water from horizontal infiltration tunnels in Hanapepe Valley and delivers
it to canefields in an area extending from Hanapepe Valley to Lawai Valley.
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have also been flattened from 3 to 5 percent to 1.5 to 2 percent in an
effort to reduce the potential of tailwater overflow. The ponds serve
as settling and evaporation ponds, with such loss by infiltration to
the underlying soil formations as may occur in each situation. Normally
there is no overflow from the ponds except in relatively rare occasions
when flood flows exceed the reservoirs' capacity; however, the frequency
of occurrence, although not documented to a high degree of accuracy, is
estimated to occur only a total of ten times or so per year from one pond
or another. Consequently, the quantity of sediment entering coastal
waters by means of tailwater runoff over a period of one year is considered
essentially negligible. Whether or not the occasional spill is likely
to carry a significant quantity of agricultural chemicals can only be
evaluated through an extensive coastal zone monitoring program.

Previous Studies

Two previous studies of sugarcane culture and milling operations in
the State of Hawaii from November 1966 through September 1968, which are
relevant to the McBryde Plantation study area, were conducted by Kennedy
Engineers for the Hawaiian Sugar Planters' Association and by a federal
agency now known as the Environmental Protection Agency  EPA!. The various
aspects of these two reports, as they apply to the Mc8ryde Plantation
area and to a limited extent to other sugar culture and milling activities
on the neighboring islands, are adequately outlined in the first progress
report  Lau et al. 1972!. Thus, the limited quantity of coastal water
quality data generated in the '.fcBryde Sugar Plantation area will only be
referred to when applirable in the present progress report. The Kennedy
report involved studies of secchi disc readings, dissolved oxygen, sus-
pended solids, BODs, and coliform measurements in the coastal waters while
the EPA report was limited to turbidity studies of the offshore waters.

The quality of the McBryde sugarcane mill waste water at various
points of treatment, as sampled on three surveys between July 1967 through
March 1968 by the EPA report �971!, is shown in Table 4.7.

Malfunctions in the hydroseparator at the Mc8ryde Milling Operation
during this study period, according to company records, occurred 82 times
in 1967 and 85 times in 1968. During periods of malfunctions the mill
washwater was bypassed to a ditch that terminated in the ocean. In 1969
the number of discharges to the ocean declined to 26 and thereafter from
1970 there were no occasions of direct discharge of mill waste water to
the ocean. When malfunctions of the hydroseparator occurred, the mill
waste water vas discharged directly into the mill waste water reservoir.
Malfunctions of the hydroseparator were reduced in 1970 by means of lighter
loadings to the equipment by diverting the mud press from the vacuum fil-
ters onto the leafy trash carrier for land disposal, and by increasing the
horsepower of the hydroseparator underflow pump motor.

The ability of the mill waste water reservoir to remove suspended
and settleable solids and to a lesser degree other constituents is readily
apparent in Table 4.7. The type of constituents surveyed in Table 4.7
represent a typical "sanitary" survey. Since the 196 7 to 1968 time period,
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TABLE rr.7. QUALITY OF THE HILL WASTE WATER RiESERVOIR
HcBRYDE SUGAR CO., 1967-6&.

905

475

4,83rrlOi

116 250 13 8 8 6

126 30 20 10 14 42

4080 12,000 10' lN 10,500 800 2300

0.4 0.03

13 0. 6 0.15

710 44.0 13.00

SOURCE: EPA 1971.

there has been considerable interest on the national and local levels to
determine the level of additional constituents, mainly heavy metals and
pesticides.

Field and Laboratory Observations

Various standard constituents, heavy metals, and pesticides from
the NcBryde Sugar Company mill waste water reservoir were collected and
analyzed on five occasions frora August l97l to July l973. Unfortunately,
a portion of the July l973 samples was lost. As can be observed in
Table 4.8, the November l971 sample was very high in solids, although
when compared to the remaining corresponding constituents, it appears
that the high solids were primarily inorganic in nature and actually
lower in dissolved solids than the samples from the other four sampling
dates. Neglecting the November 1971 sample, the total solids are nearly
the same as found in Table 4.7, and the remaining corresponding consti-
tuents are much lower. The heavy metals and pesticide values are very
low, except for the August l971 PCP value of 260 ng/Z; however, this is
still only approximately one-quarter ppb.

The results of the quality of irrigation tailwater at five selected
locatiotls as ascertained by the EPA in the same study  EPA 197I! is
presented in Table 4.9.

As was the case with the constituents in Table 4.7 From samples
collected from the mill waste water reservoir, the constituents evaluated
in Table 4.9 represent a "typical" sanitary survey. It must be apprecia-
ted, however, when analyzing grab samples from irrigation tailwater that
the tirae of collection in relation to numerous environmental factors,

SOURCE OF
54%LE

Ib&LlENT

COACH SER

WAS rorATm

HYDRosEPARA-
TOR EFFLUENT

HILL RESERV.
EFFLLIEHT

%% COL I PORHS SOLIDS Gag/L3

SVS- SETTLE TOTAL TOTAL
TDTAL PKcAL TOTAL PENED ABLE oOD GM lOC N P

735, 000 2010 2p 650 2p ON li 160 655 900 330 9. 1 5. 80

338, 000 1630 950 330 170 500 600 190 4. 8 I . 50
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TABLE 4,8. QUALITY OF THE MILL WASTE WATER RESERVOIRS
IN LAND AREA NO. 5A, NcBRYDE SUGAR CO.

CONSTrmmr

6.5 6.9

8564

6.5 7.5

1956 362

1356 406 1081310

600 8202

800 HIGH 32HIGH

420620 600 310

2.0 3.2

16700

84116740

0.10 0.77.98

0.97 0.020.25

147 112230

10

12

1.2

35

1.03.0

35

8.0

260

"N0N:~CTA13LE

especially rainfall intensity and duration and the sequence of irrigation
water application and management, has a vast effect on the quality of
the sample. Other subtle factors are also involved, for example, during
periods of heavy storms the roads leading to the samnling sites may be
inaccessible, thus inhibiting the collection of samples during extreme
conditions. As shown in Table 4.9 for the 1967 to 1968 period, total
solids ranged from 92 to 3390 mg/4, COD from <I to 347 mg/L, total
nitrogen from 0.5 to 34 mg/4, total phosphorus from 0.17 to 25.1 mg/L,
and coliforms from 500 to 250,000/mf. All the high values noted, however,
appeared in Field 5B. Of the five fields examined, only SB showed much
evidence of a serious pickup of material from the field, although Field
12 was somewhat. high in solids, It must be emphasized, however, that
the values presented in Table 4.9 were obtained from samples of excess
tailwater before the major construction of tailwater interception ponds

pH, WITS

ToTAL SOLIDS' mg/C

VOLATILE SOLIDS, mg/C

SUSPEt4KD SOLIDS, mg/C

TlRB I 0 I TY~ FTU

CONTEXT I VITY, uahos/cm

DO, mg/Z
BOD, mg/C

coD, eg/C

TOTAL-4~ mg/C

TOTAL"P, mg/C

Cl , ag/L

Pb, ug/t

ug/4

2n, ug/t

c~, ug/4

Hg, Vg/L

Cr, ug/C

Ni, ug/4

As, ug/4

DDT, ng/t

PCP, ng/t

AkG 1971 SEP 1971 t4W 1971 DEC 1971 JULY 1973
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TABLE 4.9. QUALITY OF lRRI GATION TAI LWATER,
NcBRYOE SUGAR CO., 1967-68.

Plan ~
1$IL 00 12 Il $8

7.3

05/66
11/01/67

07/67
03/27/68

11/67
03/27/60

03/66
03/28/68

0&/67
83/27/60

$LIÃCE: EPA 1971.

occurred, although it should be noted that the first pond was constructed
in 1967.

The quality of water collected from an irrigation tailwater intercep-
tion pond in McBryde's Field No. 14D is shown in Table 4.10. As noted
previously, these ponds only experience overflow on relatively rare
occasions when an extreme storm occurs, thus, in terms of effects on the
coastal water biosystem, the values in Table 4.10 are not necessarily
comparable to the values in Table 4.9 f' or the excess irrigation tailwater.
However, it is interesting to note that the solids content for the Septem-
ber 1971 saraple was approximately three times higher than the high values
reported for Field SB in Table 4.9. One impox'tant aspect regarding any
evaluation of water quality from a settling pond'is the quantity of' water
in the pond. After heavy rains and/or excessive irrigation tailwater
rrlnOff the ColleCted SampleS may be Very dilute, Whereas, after a lOng dry
spel.l the effects of evaporation and percolation may produce very concen-
trated water in the pond, thus vastly altering the solids concentration.
As can be noted in Table 4,l.O, the heavy metals and pesticide values are
quite low.

From a consideration of the two past coastal water quality studies
conducted near the McBryde Sugar plantation coastline  Kennedy Engineers
1967; EPA 1971!, it is evident that the parameters of water quality used
in 1967 to 1968 for coastal waters are not adequate, for the 1970's. Both
the intensity of concern for aesthetic values and the range of quality
factors of concern have increased markedly in the interval. Nevertheless,

TOTAL QXlDS  L8/1!
Iu57%MSD 50LLO$  eI/L!
IETTLE'Lmx $ol.los  a0/1!
Cm7  ML!
TOTAL <mam4LC ClR804  8$/L!
IILI-H  aE/1!
Le" r~8/1!
LLOLW [s0/1!
LCmLmL H  a8/1!
TOTAL-P �0/L!
NLTLO-P  a0/1!
lo  e0/I!
ILL  LHASA!
TL77/I- COLLFQRMf 100 al
TER/L. ccrc.LP0RH/100 sl

574

174

15
0.1
0.065
0.165
0.5

112
106
!I

5
0.01
0.81
0 438
0.7
0.37
0.092

<LO
7.2

13~008
1,300

900
504
208
55
22
0.18
0.016
0.29

13.9
1.7
0.01

cLI
6.9

580
78

5
0.84
0.005
0.006
1.0
0.17
0.000

cLO
6.9

500
70

3,390
3,2m
2,200

347
91
$.3
0.«m
0.29

34
251

0.043
«50

6.6
250~ MO

7,0rm
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TABLE II. 10. QUALITY OF IRRIGATION TAILMATER INTERCEPTION POND IN
FIELD NO. 1IID, McBRYOE SUGAR CO., 1971-72.

GNST I TLAT

7.1 7.9

9050

700

8350

7.7 7.5 7.7

744

698

46

434.00

128.00

1718

147

ID. 00

100 32

590

7.D

14

843

1.80

75.00

480. 00

HIGH 9.2

540 400

7.307.7

12

18270 0.00

0.590.63

0.16

0.00 0.7

0.0570.30 0.00 0.02

131. 00 110 22240 112

12

5.0D

12.00 10

2.8

42

2.03.0

280 36

hUNKTECTABLE

data from past studies are important background information for evaluating
current and future field and laboratory observations.

The analytical results from samples collected on three separate
occasions during 1972 to 1973 at various coastal water sites: Koloa.
McBryde, Wahiawa, the Allerton's, and Kukuiula are shown in Table 4. 11.
The McBryde and WahiaWa nitrogen valueS of 0.196 and 0.252 D1g/f, respective-
ly, exceed the State of Hawaii's water quality standards for Class 4
coastal waters which is established at 0.1S mg/k; and the Wahiawa sample
value of 0.038 mg/R exceeds the phosphorus standard of 0.025 mg/f.; how-
ever, the state standards are generally recognized as being too severe
and also unattainable even under natural conditions and will in all
probability be redefined in the near future when sufficient coastal
water quality data are available. The heavy metals and peeticides are all
either below analytical detection levels or are very low values.

PH, LNITS

TOTAL SOLIDS eg/E

VOLATILE SOLIDS sg/g

susPEMKD sDLIDS ag/E

TLRB ID I TY, f Tu

COtgXKTI V I TY, Ijehos/ca

DO, eg/Z

SDD, eg/t

COD, ag/C

TOTAL-Hp ag/t

TOTAL-P, eg/C

CI, eg/C

Pb, ug/C

Cu, ug/4

~r. Dg/C

Cd. ug/Z

Hg, ug/C

Cr, pg/C

H1, ug/g

M, ug/C

DDT, ng/g

PCP, ng/t.

AN 1971 SEP 197! hBV 1971 DEC 1971 ALY 1972 ~Y 1973
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TABLE 4.11. NUTRIENTSs HEAVY MTALS, AND >EST!CIDES IN OCEAN WATER/
SOUTH KAUAI AREA.

N a C I% & Za Ca HS Cr sa as Cm m
Srar lac 'OIC 'OIC ~g oo/< so/ so/< OOI< oO/t Ie/2 OOIt oOIt sOIC ~t

OS/27/rt 0 SO M IC! N!
HIS l4! K! IQ
02S 2 hD IR

RGU%
ALLCRTW'S
Kill~

c1
1

sl

IQ
S
2

<1
<I
10

0OI22/rt
Ojt
07$

0.021
0.001
O,OSS

0.10@
0.19fi
0.2S2

2
s1

Or/22/rt 544
Pa1 2 ICt
546 S Ic! 0

Ocean sediment samples were collected at various locations off the
McBryde Sugar Plantation coastline on four occasions during 1971 to 1973
and analyzed for concentrations of rlutrients, heavy metals, and pesticides,
as shown in Table 4.12. The last two sampling dates and locations coincide

TABLE 4. 12. NUTRIENTS, HEA'/Y WTALS, AND s'ESTICIDES IN OCEAN SEDIMENTS,
SOUTH KAUAI AREA, 1971-73.

T-N TP TW Pb Hg Cd CLI ZII XT

STAT? CSS ag/kg ag/kg sg/kg eg/kg ag/kg ag/kg ag/kg ag/kg rig/kg

07/26/71 KOLOA
ALLERTON'S
KLKUlUJL

272 940 175 15 ' 3 0 ' 19
I25 315 500 19 ' 2 0 F 20

462 287 250 6 ' 4 0 ' 19

3 ~ 0 84
2 ~ 0 9.0

7.8

22.3
15.7
11 ' 6

05/22/72 300 494 184 17 ' 0
363 386 362 9 ' 0
437 401 111 16 ' 8

KOLOA
ALLEir TOSS'S
KLXU1ULA

10.6
7.1

hD 3.1

180
107
45

7.1
5.4
6 ~ 8

08/22/72 302 345 378
308 693 38'I
258 286 327

30
22

07/25/73 452 313 202 46.3
299 714 650 32.9
443 371 544 28 ' 0

3.5 3.6
2.4 15.4
3 ~ 3 12 ~ 0

221
223
291

9.5
38 ~ 0
22.4

with the same in Table 4.11. Sediments serve as an excellent indicator of
long-term quality changes, thus, the values presented in Table 4 12 can
be construed as background data for possible future quality changes. No
particular trend can be noted in most of the various values except that
total nitroge~ appears to be increasing uniformly while total phosphorus
is decreasing at the Koloa site; however, this is a relatively short
periOd of sedioent sampling to form any firsg evaluations. In addition
sediment samples are not for practical reasons of identification necessari-
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ly collected at the same exact location although they are collected in
the same general location. It is interesting to note that the concen-
tration of lead increased two- to threefold at all three sample locations
for the 3uly 25, 1973 samples. DDT also increased sharply during this
same sampling date, although its use has, at the most, supposedly been
only minimal in recent years.

Offshore 8iological Observations

The McBryde coastline of Kauai, on the southwest coast of the island,
extends along an area bordered by a basalt shoreline alternating with
short stretches of sandy beach. There are no fringing reefs in the area
under study. The communities sampled consist of offshore, subtidal coral
communities at depths of about 30 ft  9.144 m!, extending from the
northern perimeter of McBryde Sugar Company at Lawa.i to a control area,
Koloa Landing, 2 mi �.22 km! north of Lawai  Fig, 4,6l. Three sampling
sites were monitored in 1971 and l972.

Table 4.4 represents fish catches from the years 1962 to l973 for
Area 503. The ocean waters around the State of Hawaii are divided into
"blocks", and the coastal waters are divided into strips about 2 mi
�.22 km! wide  extending seaward from the shore! and from 4 to 40 mi
�.44 to 64.4 km! long. Tnc area of concern is Area 503, which is roughly
between Haena and Kepuhi Points, with Kilauea situated roughly in the
middle. Most of the fish catches originate from this area. Every commer-
cial fisherman in the state is required by law to report monthly on their
fish catch and the area where the fish were caught. Thus, accurate
records of the various areas have been kept over these years.

Abatement of mill discharge occurred in November 1971. Since then, in
1972 there has been a threefold increase in f'ish catch as compared with the
previous year 1971. A slightly higher fish catch has been recorded for the
year 1973. It should be noted that the Table does not represent all the
fish that were caught in Area 503. Only the species of fish that are of
commercial value were included. These are: omilu  C'ar~ me2ampygws!,
ulua  Cava~ sp.!, akule  Tzao~pa aPumenopthaZmua!, hahalalu  Ju~imiZe
T. oremenoptha2mue!, mullet  HugiZ eephaZua!, manini  Aocmthurue,"am&ioen-
aie!, moi  PoZydacty2ue saxfilia!, opelu  Deoaptema pinrmZatua!, men-
pachi  hfgripristie sp. !, and kumu  P~penaua por phyreua! . Also edible
seaweed, limu-kohu  Aapazegopais sandfordicvma! and opihi  CeZEana oaZ�
cosa C. exerata! were recorded to ascertain any effects that discharge may
have had on the shore envi~onme~t,

Micromolluscs from sediments at the three stations were analyzed
for species composition, diversity, and abundance. The micromolluscan
assemblages from all three stations are those characteristic of subtidal
coral communities at depths of 30 to 4G ft  9.14 to 12.19 m! in other
areas of the Hawaiian Islands  see Comparative Discussion! . The dominant
families represented are the Rissoidae and Diastomidae as at Stat.ions
7 to 13 at Kilauea  see Fig. 5.9, S16!. Standing crops and common abun-
dance values  based on Neiser, 1970! are shown in Table 4.13 where the
common abundance values may also be compared. with calculations for the
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TABLE 4. 13. ANALYSIS OF MICROf%LLUSCS FOR McBRYDE STATIONS~ 1971-72.

STATION
 KOLOA!

VII-71 V-72

STATION 5

 Veal!
STATION 2

 KWUIULA!

VII-71 5.72VII-71

202 254 244 116NO. SHE L LS

NO. /CM'

122

4.68.1 4.99.810,2

NO. SPEC I ES

Kilauea stations. The Lawai samples show the least fauna.l resemblance to
the other stations and exhibit the lowest standing crop, Although the
project has quantitative data to confirm the observation, our impression
is that the low abundance and low faunal affinity of the Lawai stations
compared with stations in the McBryde and Kilauea areas may be associated
with lesser amounts of coral coverage in that area.

SUMMARY OF PROGRESS: SUGARCANE vs. WATER EQUALITY

Significant progress was made during 1971 to 1973 toward evaluating
the effects of sugarcane culture and milling on the quality of coastal
waters and coastal water environments. Although a discussion of the
various findings were presented throughout the chapter a recapitulation of
the most significant of these findings are presented in Table 4.14.
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TABLE 4. 14. SLNMARY OF PROGRESS: SUGARCANE STUDIES

UNTREATED MILL WASTE IS THE MAJOR CONTRIBUTOR OF WASTES FRY THE
SUGARCANE INDUSTRY, CARRY ING COL I FORMS, SEDIMENTS, LEAFTRASH, AND
BAGASSE TO COASTAL WATERS.

MILL WASTES ARE THE PRINCIPAL SOURCE OF VISIBLE PLUMES AND DEBRIS.

SEDIMENTS RATHER THAN WATER HARBOR MOST OF THE NUTRIENTS, HEAVY
METALS, AND CHLORINATED HYDROCARBONS IN THE WASTE AND IN THE OCEAN.

THE MOST CA+ON HERBICIDES USED IN SUGARCANE CULTURE--ATRAZINE AND
AMETRYhK--DO NOT APPEAR, FRCM PRELIMINARY SAMPLES, TO BE A FACTOR
IN WATER QUA1 ITY.

IRRIGATION TAILWATER MAY CARRY SUSPENDED SOLIDS IN CONCENTRATIONS
5 TIMES THAT OF RUNOFF FROM UNDEVELOPED

WITH TAILWATER PONDING AND GOOD IRRIGATION PRACTICE, TAILWATER DI 5-
CHARGE TO THE OCEAN IS ONLY AN OCCASIONAL FLOOD WATER OVERFLOW
PHENOMENON.

SETTLEABLE SOLIDS IN FLOOD RUNOFF FROM EPA EXPERIMENTAL PLOTS UNDER
SUGARCANE CULTURE EXCEEDED THAT FROM NATURAL COVER BY A FACTOR OF
ONLY 1.5 ALTHOUGH THE DISCHARGE FROM UNDEVELOPED LAhK! WAS 8 TIMES
AS GREAT.

IN EPA STUDIES CONCENTRATION OF NUTRIENTS FROM SUGARCANE LAND WAS
ABOUT THE SANE AS THAT FROM MILL WASTES.

A STRIKING IMPROVEMENT IN THE AESTHETIC ASPECTS OF THE CCASTAI
WATERS OFF NORTH KAUAI OCCURRED AFTER THE CFSSATION OF MILL WASTE
D I S CHARGES .

10.

AESTHETI CSp COLIFORM ORGANISMS, AND SEDIMENTS ARE EVI DENTI Y THE
MAJOR PROBLEMS OF MILL WASTE DISCHARGE.

FACTORS CITED IN ITEM ll CAN BE AVOIDED BY TREATMENT AND NANAGEMENT-
TECHNIQUES SUCH AS USED BY THE McBRYDE SUGAR COMPANY .

12.

THE SOLIDS CONCENTRATION IN THE IRRIGATION TAILWATER INTERCEPTION
SETTLING PONDS VARIED GREAT Y AMONG TPC DIFFERENT SAMPLING DATA-

DDT WAS PRESENT AT EXTREMELY LOW LEVELS IN MILL WASTE SOLIDS AND IN
OCEAN SEDIMENTS EVEN THOUGH IT IS NOT USED IN THE SUGARCANE CULTURE.
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EVALUATIVE ASPECTS OF PROJECT

Introduction

As summarized in Chapter 1, the general objectives of the QCW project
were to identify and evaluate the social., political, economic, institu-
tional, educational, and scientific and technological factors which either
impede or expedite the protection and restoration of the quality of
coastal waters in Hawaii; and to develop and interpret the crucial physi-
cal, chemical, biological, and rational parameters needed in formulating
effective policies, institutions, and systems. This overall general
objective was, of course, broken down into specific objectives by which
the project goal might be approached, and the priority of each aspect,
together with the intensity of investigative effort to be applied, was
established on the basis of such factors as:

~ Urgency of problem or situation of coastal water quality degrada-
tion

e Opportunity to cooperate with other agencies or projects concerned
with the problem or situation

~ Budgetary constraints on project scale and scope
~ Interests and knowledge of participatory investigators
~ Changing institutional and social emphasis on environmental

problems
~ Changes in federal and state legislation as the study progressed

from phase to phase

A final and detailed evaluation of the findings of the project in
terms of its general objectives is appropriately deferred until the final
report of the project. However, some of the findings of the proj ect,
and changes in institutional constraints accruing during the report period,
are significant at this time.

SCIENTIFIC OBSERVATIONS

Chemical Quality of Mater and Sediments

The chemical quality of water and sediments reaching coastal waters
from the several situations of land development involved in the study
are presented and discussed in relation to the type of land use in the
various chapters of the annual progress reports  Lau 1972; present report
1973}. In several cases, specific comparison with the control situation--
Kahana Bay--has been introduced. For the purpose of this report, however,
comparisons are presented for only the three parameters of greatest cur-
rent interest--heavy metals, pesticides, nutrients, and sediment--as they
have been observed in the coastal water samples analyzed in several study
areas and types of situations.
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Heavy Metals

The concentration of heavy metals observed in ocean sediments and
water in situations of relatively undeveloped land  Kahana Bay!; urban
land development  Maunalua Bay, Waikiki, and Sandy Beach!; and sugarcane
culture  Ki'lauea and McBryde Plantations! are summarized in Table S.l.
Because in many samples any concentration of metal which may have been
present was below the level of detectability, the frequency of positive
values in comparison with the total number of samples analyzed is shawn in
the Table along with the range of concentrations observed.

As might be expected, heavy metals are more concentrated in sediments
than in water. This fact, although seemingly obvious, has not been wide-
ly grasped by readers or researchers. Hence the concentration of heavy
metals in marine organisms has often been judged by comparing the metals
content of aquatic creatures with the background concentration of metals
in water rather than in benthic sediments where the food chain begins.
The result is, of course, some alarmingly high values which, unfortunately,
tend to be taken seriously by regulatory agencies concerned with estab-
lished guidelines or standards. An idea of the magnitude of the error of
assumption passible in careless evaluation of the possible source of
metals in living tissue, might be drawn from the values reported for lead
at Kahana Bay. Here the maximum observed in water was but 10 pg/L,
as the maximum concentration of lead in sediments was about. 4l mg/4--a
concentration difference of some 4100 times. Similar rough comparisons
may be made for other metals listed in Table 5. 1.

It should be particularly noted that from the data in Table 5.1 no
valid comparisons can be made between types of land use. This is true for
the principal reason that coastal sediment consists of a large quantity
of soils of terrestrial origin and the rocks from which the soils are
derived vary in heavy metals content from location to location. Further-
more, the rates of erosion and depasition of sediment in any geographical
situation vary. Thus, comparisons are valid only between thc source of
sediments and the adjacent coastal water; such comparisons are made here-
in in the sections dealing with specific situations. In the case of urban
uses of land, the situation is further complicated by industrial and
commercial wastes which may contribute to the presence of one or more
heavy metals.

The general conclusions that can be drawn from Table 5,1 are that:

~ Heavy metals of a considerable variety may be expected to be pre-
sent in the sediments of coastal waters in any situation in Hawaii.

~ In setting standards for coastal waters in Hawaii care must be
taken lest unrealistic values, impossible of attainment, be
adopted.
Research should be encouraged to determine:

l. The extent of the food chain associated with sediments
containing heavy metals.

2. Whether biota further up the food chain are limited by
any catastrophic effect of metals on organisms lower in
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the chain.
3. The relationship between the concentration of metals in

coastal water sediments and in the tissue of organisms
indigenous to the area.

Research of the type suggested for heavy metals has been conducted in
relation to mercury by the QCW project Mercury was selected for primary
attention for several reasons. First, it has received worldwide attention
because of its serious or even disastrous effects on some commercial
fisheries. Next, mercury ranks as the sixteenth most common element
in the crust of the earth and yet, because of its chemical reactivity,
is widely distributed in a variety of organic and inorganic forms, World-
wide commercial usage of the metal. and its release from the burning of
fossil fuel, estimated recently at some 23 million lbs �0, 442,000 kg!
annually has created an extensive continuing redistribution.

Increasing awareness of problems caused by the redistribution of
mercury in both organic and inorganic forms has resulted from outbreaks
of major acute and chronic poisonings in human, bird, animal, and fish
populations. However, our understanding of this metal is still very
incomplete as to the nature of its entry into specific biological systems,
whether it accumulates through biological concentrations at different
trophic levels, and whether it reaches toxic levels in either inorganic or
organic form at any trophic level.

As part of the Quality of Coastal Waters project, recent studies
of mercury levels in a wide range of biota collected from a nearshore area
on Kauai indicate that benthic feeders at all trophic levels show a
greater ability to accumulate mercury than animals feeding above the
sediment-water interface  Fig. 5.1!. Of the organisms feeding on benthic
organic material, 53 percent show detectable mercury concentrations
 >G.GS ppm! while only IS percent of the organisms classed as browsing
epiphytic herbivores or midwater and higher trophic level carnivores,
contain mercury at reliably detectable levels. QCW studies have already
shown that mercury concentrations in related sediments far exceed those
in the water column in most areas, so the disparate mercury level found
in benthic and nonbenthic biota may not be too surprising and actually
make sense. What is intriguing, however, is that the study suggests,
contrary to traditional assumption, the most effective pathway of mercury
transport may not be through a linear food chain from plankton to herbi-
vore to carnivore, but that greater concentrations of mercury may be found
in organisms associated with short food chains linked directly to the
benthos.

ln deeper Hawaiian waters, the pelagic carnivores, marlin, tuna,
and dolphin, appear to contain appreciably higher levels of total mercury
than five nearshore species of fish, as indicated by measurements made
recently and summarized in Table 5.2. Mean levels of total mercury in
tuna are near the 0.5 ppm level established by the U.S. Food and Drug
Administration as the maximum permissible level for mercury in edible
fish. Total mercury levels in marlin far exceed -this tolerance limit
and, consequently, the local sale of marlin for human consumption has
been banned by the Hawaii State Department of Health.
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TABLE 5-2. TOTAL AND ORGANIC hKRCLRY FOLND IN t4/SCLE TISSUE OF FISH
CAUGHT IN HAWAIIAN WATERS.

ccFNON  LOCAL!
SCIENTIFIC %V%

NO. OF FISH ORGANIC

RANGE AVG.

PELAG I C SPECIES:
PAcIFIc OLLA HARtIN  A'u!
ptakm'.m aephz

YEL,U% FIN TLI4A @HI !
Beothunnue macropt~

SKIP JACK TIPIA  AKU!
Kaesraerme Pehvnie
DOLPHIN  HAHIHAH I !
CorPPtraena hiPP urus

0.23 - 1.79 0.93 0.35 - 14.0 4.78

0.24 - 1.32 0.54

0.27 � 0.52 0.3$

29

0.25 - 1.00 0.4822

0.20 � 0.57 0.41

0.15 - 0.30 0.25

20

0.17 - 0.31 0.2510

INSHORE SPECIES:
squlRREt FIsH  uu, ~AcHI!
hfdf& p~sfws arayomue

elGEYE Sue  AKULE!
Ter~pe crumenophthgbnua
REO GOAT FISH  wEKE-ULA!
Ahlloidiahthye maif2amte

mLLET  ,~AHA!
Hail oephalus

PARROT F I SH  PANAI4P4A%!
sc~

0.10 � 0.43 0.21

0.07 - 0.11 0.09

0.10 - 0.40 0.2I

0.07 - 0 . 11 0. 1010

10 <0. 05<0,05

<0.05 <0.0510

<0.05 - 0.08 0.05<0,05 - 0.10 0.0510

SOURCE: RIVERS, PEAltSCN~ PIN SHXT2 1972
s PERcURY cALGULATED As II81GANI c t%RctQY

As shown in Table 5.2, organic mercury levels measured tended to equal
total mercury levels in all species analyzed except marlin, indicating
that most of the mercury stored in muscle tissues is organic, In marlin
muscle tissue, organic mercury levels are much lower than those for
total mercury, a finding that has been confirmed through independent
measurements made by Dr. Westoo's group in Sweden, who also identified the
organic fraction as methyl mercury. Prior to this finding, it has been
assumed that 90 percent or more of all mercury in fish tissue was in
organic form. Why mercury in marlin tissue differs so drastically is
not known. Perhaps a biotransformation occurs from the organic to the
more oxidized inorganic form, or alternatively, marlin may absorb and
store greater levels of inorganic mercury from sea water.

Controlled laboratory experiments are needed to properly study the
fate of mercuric ions in marine ecosystems. A series of such experiments
is being undertaken within the QCW project. This research involves a
simplified food chain featuring marine annelids and one or more predator
fish that can be maintained in the laboratory.

The objectives of the experiments are threefold: 1! to study the
biotic transport of mercury in a simplified, short food chain ecosystem
characteristic of stressed environments; 2! to study the role polychaetous
annelids may play in cycling mercury from the sediments to the upper
trophic levels of the ecosystem; and 3! to provide information useful in
selecting organisms which can be used in monitoring for mercury in
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Hawaii's marine water.

Results of the study of mercury, suggest that similar work is needed
on other heavy metals as a basis for rational controls of the quality of
coastal water environments.

Insecticides

Comparison of organo-chlorine pesticides are shown in Table 5.3.
These compounds being relatively insoluble with the exception of PCP,
tend to be absorbed in particles such as sediments. DDT, being ubi-
quitous, appears in all the study areas. However, Maunalua Bay and the
Hawaii Kai Marina with its high residential density, show higher con-
centrations of dieldrin, DDT, DDE, DDD, m and y chlordanes as compared
with all the other study areas, with maximum values ranging up to several
orders of higher magnitude. The use of insecticides by individual
householders in the area is another probable source of the residues.

The relatively high levels of dieldrin and a and y chlordanes
reflect the popularity of these substances as termite control agents in
the pre-treatment of slab constructed houses which predominate in the
Hawaii Kai area. The presence of DDT and congeners, which are not
normally used for termite control, may represent residues remaining from
the time prior to extensive development when the area contained several
ornamental plant nurseries and the majority of lei carnation growers
on Oahu.

PCP is used as a termite preventive compound in construction timber.
lt is ~ater soluble and is not absorbed by sediments. Again, the urban
development area of Maunalua Bay shows the greatest maximum concentration
in the water samples. PCP also appears in the waters off Sandy Beach
~here the treated sewage effluent from Hawaii Kai is discharged.

PCP is a volatile compound, is readily absorbed by the human body,
and appears in waste excrements. These facts, along with infiltration
of groundwater into the sewers, would explain the presence of PCP at
Sandy Beach. PCP is also found in ~ater samples offshore Kilauea where
no sewage effluent is present. This compound could become as ubiquitous
as DDT.

Small quantities of dieldrin, PCP, and chlordane are found in Kahana
Bay sediments, possibly indicating their very minor use by the few
families living at the valley entrance. These compounds do not appear in
the sediments offshore of Kilauea Plantation on Kauai probably because
of the constant shifting sands caused by ocean currents. The dilutional
effect of' the open ocean is so great that the detection of these com-
pounds in such minute quantities as observed in the more confined Kahana
Bay is far beyond the best instrumental capabilities today.





Herbicides

Herbicides in coastal waters and sediments were considered separate
from insecticides in the pesticide study activity of the QCW project.
The reason is that herbicides are associated more with agricultural
land development than with urban or undeveloped land areas, yet analyses
for atrazine and ametryne in sediment samples taken on Kauai and Oahu
during the Sea Grant Year 04 did not show evidence of these herbicides
even though they were used in large amounts in the situations studied.
Both atrazine and ametryne were expected to degenerate more rapidly than
diuron, so in the Program Year OS herein reported, effort was directed
toward an adaptation of a diuron analysis method in sediments and soils.
This approach allowed an assessment of atrazine, ametryne, and diuron in
all sedi.ment and soil samples taken in the Year 05.

The study areas chosen for analysis by other activities on the QCW
project were not considered appropriate for the herbicide assessment
owing to  I! the lack of significant acreages of sugarcane and pineapple
in the watersheds draining into the coastal waters being studied  such
as Maunalua Bay or Sandy Beach areas! or �! the absence of a protected
estuary which would tend to accumulate sediments derived from eroded
field soil. Thus, two estuaries considered likely candidates for herbi-
cide contamination were selected: West Loch of Pearl Harbor on leeward
Oahu, and Kaiaka Bay between Waialua and Haleiwa on the North Shore of
Oahu. Arrangements were made with personnel of the Navy's Environmental
Protection Data Base Program for sediment samples to be taken in Pearl
Harbor and at the mouth of Waikele Stream at sites considered likely to
contain herbicide-contaminated sediments, QCW project personnel obtained
sediment samples from Kaiaka Bay and Paukauila Stream  a major stream
draining into Kaiaka Bay!. The locations sampled are shown in Figures S.2
and 5.3.

In addition to stream and estuary sediment samples, soil samples
were taken in two sugarcane fields on Oahu  Waialua Sugar and Oahu Sugar
Plantations!, one pineapple field on Oahu {Pineapple Research Institute!,
one sugarcane field on Kauai PlcBryde Sugar Plantation!, and corn and
sorghum fields on Kauai  Hetcalf Farms, previously Kilauea Sugar Company!.
The field samples were taken to provide an assessment of the rate of
disappearance of herbicides in the top 3 in. �.62 cm! pf soil subsequent
to herbicide application. To minimize the effects of random variations in
herbicide concentrations within a field, we sampled two transects in each
field with 50 core samples taken in each 200- to 300-yard �82.8- to 272.2-
m! transect. The samples were composited and subsampled for analyses.

A major portion of the project time was required for the development
of a method by which the three herbicides of interest could be simulta-
neously extracted from sediment or soil, and the extracts purified for
analysis by gas-liquid chromatography. In brief, the procedure involves
air-drying the sample, extraction by refluxing in a methanol-ethyl
acetate mixture, extract clean-up on an alumina column  separate steps
»e required to recover the three herbicides and 3,4-dichloroaniline,
DCA, a persistent degradation product derived from diuron!, and finally
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FIGURE 5.3. LOCATION OF SEDIP+NT ~LItC STATIONS FOR HERBICIDES,
PEARL HARBCIR AhD MAIKELE STREAHp OAHU.
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TABLE 5. 4. HERBICIDES IN SEDIMENTS OF KAIAKA BAY AND ASSOCIATED
INFLUENT STREAMS' OAHU, 1972-73.

STATION

NOSER

DATE OF ATRAZ I NE PPETRYNE DI URON DCA
SAMPLING  ppm!  ppm! {ppm!  ppm!LOCATI ON

0.111 TR

0.055
PAUKAUI LA ST. ND

ND

PAUKAUI LA ST. ND
iVD

0. 074 l. 05
0.441 4.65

ND
ND

PAUKAUI LA ST. 0. 128 0. 65

0. 179 0. 16

ND
'ND

ND
ND

KAUKONAHUA ST. 3 0. 020
0.008

ND
ND

ND
ND

ND
TR

0. 146 ND
0.018 0.04

KAI AKA BAY ND
iVD

ND
ND

TABLE 5,5. HERBICIDES IN SEDIMENTS OF WALKER BAY WEST LOCH, PEARL HARBOR,
AND ITS ASSOCIATED INFLUENT STREAM, WAIKELE, OAHU, 1972-73.

DATE OF ATRAZ I NE AMETRYNE D I URON DCA
NUMBER SAMPLI NG {ppm!  ppm! {ppm!  pym!LOCATI ON

WAIKELE ST. TT01 9/20/72 ND ND
2/22/73

NDTTI1 9/20/72 ND
2/22/73

WAIKELE ST.

0.16SD24 9/20/72WALKER BAY

WALKER BAY SW01 9/20/72
2/22/73

0. 851 ND
1. 376 ND

WALKER BAY

"AN INSTRLPKNT BREAKDOrA PRECLUDED OBTAINING DATA ON ATRAZINE AND AMETRYNE
FOR THIS SAR LING

7/31/72
1/27/73

7/31/72
1/27/73

7/31/72

1/27/73

7/31/72
1/27/73

7/31/72
1/27/73

b NONDETE C TAB LE
TRACE QUANTITY BELOW LEVEL OF QUANTIFICATION

SS50 9/20/72 0.365
2/22/73

0. 238 ND
0. 270 ND

ND ND

0.566 ND

1.049

I.47. 786 16. 86
0. 532 0. 10
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G.C. analysis using the Coulson electrolytic conductivity detector for
atrazine and ametryne and a nickel electron capture detector for diuron
and DCA. The lower limits of detection expressed as ppm in soil or
sediment  oven-dry basis! for each of the chemicals were: atrazine and
ametryne, .05 ppm; diuron, .002 ppm; and DCA, .02 pprn.

Preliminary tests on Pearl Harbor sediments demonstrated that
sediments could be analyzed either wet  as received! or air-dried with
negligible difference in the quantities of herbicides recovered. Analysis
of air-dried samples allowed soil and sediment samples to be treated
identically, thus, this was the procedure chosen.

Results: Although sediment samples from Kaiaka Bay  and influent
streams! did not contain atrazine and ametmwe at detectable levels,
most of the same saraples contained appreciable quantities of diuron
and, in sorae cases, DCA, a degradation product of diuron  see Table 5.4!.
The sediments in Kaukonahua Stream  Station 3, Fig. 5.2! appear to contain
less diuron than those in Paukauila Stream  Stations 1, 2 and 4!.

Sediments from Walker Bay, an inlet of Waipio Peninsula and adjacent
to the channel leading to West Loch of Pearl Harbor, contained no atrazine,
but ametryne and diuron were found at all stations  Table 5.5!. Diuron.
levels were high in Walker Bay and lower in the sediments of the influent
Waikele Stream The extremely high levels of diuron and DCA and the
higher-than-usual level of ametryne at Station SN01 on September 20, 1972
are probably due to direct contamination of the bay from a nearby herbicide
mixing and loading area. The January 1973 sample from this same area
contained diuron and DCA at about the same l.evel as sediments from other
stations in Walker Bay and Waikele Streara.

Soil samples from sugarcane fields which had received herbicides
before and after planting, as shown in the "application columns of
Table 5.6 contained decreasing amounts of diuron in successive post-
application samplings. Since a given herbicide may have been applied a
second or even third time after the original pre-emergence applicatio~
 see information on application dates and amounts! the change in concen-
tration over time is not necessarily an indication of decay rate for
the original application but rather gives the status of herbicides- in
the surface soil after cane planting.

Analyses of a limited number of sediment samples from sediment
basins which catch irrigation return flow and storm runoff from three
sugarcane areas on McBryde Plantation showed diuron in all the basins and
atrazine and ametryne in only one  Table 5.7!. Basin 13D is uppermost
of two basins which receive runoff waters from Field 13D for which soil
data are shown in Table 5.6.

Field soils of Metcalf Farms  formerly Kilauea Plantation! were also
analyzed for the three herbicides and DCA, the principal interest being
in atrazine which is currently used for weed control in sorghum and corn.
The results in Table 5.8 show that atrazine disappears rapidly in these
crop-soil situations. The absence of ametryne was expected since ametryne
had never been used on these fields. The relatively high level of diuron
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TABLE 5.7. tKRBICIDES IN SEDI~ FROM SEDI~ RU40FF BASINS FR N
SUGARCAhE FIELDS  N HcBRYDE PLANTAT IQ4, KAUA! 1972.

DATE OF ATRAZ INE APKTRYhK DILLON DCA

LOCAT ION SAN'LING  ppm!  ppm!  ppm!  ppm!

BASIN 7A 06/26/72 ND

09/06/72 0.33

O.D9

2.04

BASIN 13D 12/01/72

BASIN 14D 09/06/72

TABLE 5.8. HERBICIDES IN FIELD SOILS CROPPED WITH CORN AND SQRGHlPl
ON METCALF FARMS KAUAI p 1972 ~

DATE OF ATRAZ INE PPKTRYNE DI URON DCA

SAY&LING" - ppm! {ppm!  ppm!  ppm!
STATION
MJ%ER

F-3

0 450. 78

6. 37F-8CORN

0.649

0. 796

P.240.35

+ATRAZINE APPLIED PRIOR TO SAN LI% AT 3 lbs ACTIVE INGREDIENT PER ACRE
ON THE FOLLCMING DATES: F-3p 6/12/72; F-S, 6/25/72.

measured was not expected since this herbicide had not been applied to
the soils for at least four years, the last application occurring during
establishment of the last cane crop.

Discussion: The absence of the triazine herbicides, atrazine
and ametryne, in estuarine and stream sediments is not surprising
when one considers the combined effects of rapid and progressive de-
terioration in the sugarcane root/soil zone, leaching, and dilution
of runoff waters and eroded soil. The presence of diuron in sediments
on the other hand, suggests that diuron is more persistent in field

06/26/72

08/29/72

12/01/72

06/26/72

08/29/72

12/Ol/72

2.355 0.31

1.342 0.74

0.406 0.53

0.286 ND

0 945

0.717

0.893
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soils and in sediments than the triazines. Another factor may be the
quantity of diuron used in sugarcane and pineapple: in 1968, total
diuron use in the state was 745,000 lbs �38,230 kg! active compound,
while ametryne and atrazine use was reported to be 395,000 and 380,000 lbs
�79,330 and l72,520 kg!, respectively  Kimura and Hurov 1969!. Diuron
is used extensively on both sugarcane and pineapple while the triazines
are used principally on sugarcane.

The relatively high levels of diuron found in Walker Bay do not like-
ly represent the mean level for sediments in West Loch of Pearl Harbor.
Contamination from the herbicide-mixing and loading zone adjacent to
Walker Bay undoubtedly results in higher diuron levels in these sediments
than would be found in sediments receiving diuron only through transport
of eroded soil and runoff from fields to which diuron was applied. Diuron
concentrations of 0.05 to 0.5 ppm  dry basis! appear to be normal in the
sediments from areas not having a point source of herbicide contamination.

It is significant that diuron concentrations were high in some field
soils which had received no diuron for I,S to 4 years. If diuron can
persist in surface soils by adsorption on organic matter  or some other
mechanism! and thus resist microbial or chemical breakdown and leaching,
then diuron-treated soils may be a source of diuron in estuarian sediments
whenever these soils are eroded and storm runoff reaches an estuary.
Although both sugarcane and pineapple plantations utilize soil conserving
practices, it is not possible to always contain storm runoff, especially
when the fields are open in the period between harvest and about 6 months
after planting. The levels of diuron found in settling basins on McBryde
Plantation �.286 to 2.335 ppm! indicate the range of dturon concentrations
which might be expected in eroded soil. The lower value �.286 ppm! is
about the same concentration as was found in the sediments of Waikele
Stream near the point of entry to West Loch of Pearl Harbor.

In the past several years, there has been an active effort on the
part of sugarcane plantations to contain irrigation return tlow and
runoff waters to avoid contamination of shoreline waters. One wonders
if the quantities of diuron entering streams and estuaries has decreased
in recent years as a result of these efforts.- Perhaps much of the diuron
currently measured in Kaika Bay, Pearl Harbor, and theif influent streams
is the residue of diuron which entered these waters in years past. On
the other hand, when fields are open during and soon afte~ harvest, storm
runoff is difficult to contain and diuron transport to streams and
estuaries is certainly possible. Future project efforts will be directed
toward determining the movement of diuron in the study area and assessing
the effects of sediment-borne diuron on biota in the estuary.

Nutrients

Nutrients in coastal waters and sediments are summarized in Table 5.9
in order to compare the effects of different land use patterns upon ~ater
quality. Median values of total nitrogen concentration in waters adjoin-
ing the relatively undeveloped area of Kahana. Bay are only two-thirds as
great as those found in waters adjoining a rapidly developing urban area
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such as Hawaii Kai and Maunalua Bay. The recreational areas of Sandy Beach
and Waikiki also show nitrogen concentrations greater than Kahana Bay.

However, in comparing Sandy Beach waters, in which there is an off-
shore discharge of secondary treated sewage, with those at Waikiki where
highly concentrated use by tourists is a major Factor, little difference
is noted in mean total nitrogen concentrations. In the case of Sandy
Beach, it is difficult to isolate the specific source of nitrogen. The
contribution from recreation usage may be a major factor because data
from the inshore areas �5-foot depth contour! of Waikiki Beach sho~ed
that the maximum va.lues of total nitrogen are twice as great as those
at Sandy Beach. This would indicate that a more intensive use of the
waters for swimming and surfing would have a direct bearing on the nitro-
gen contribution.

Coastal waters at Kilauea and McBryde Plantations show higher values
of nitrogen or phosphorus as compared with the undeveloped area of
Kahana Bay on Oahu. Even though the open ocean fronts the plantation
areas, there is sufficient runoff from the land to degrade the offshore
~aters so that at least one nutrient concentration does not meet the
state standards for Class A waters.

A comparison of the various study areas in relation to the state
water quality standards show that median nitrogen values slightly
exceed the levels set for Kahana Bay, Maunalua Bay, and Sandy Beach.

With the exception of the McBryde Plantation area, all mean total
phosphorus concentrations in the study areas exceed the levels set by
state standards. The median total phosphorus values at Kahana Bay,
Maunalua Bay, Sandy Beach, and Waikiki Beach all exceed the levels set
for their respective water class by 20 to 40 percent. At both Kahana
Bay and Waikiki Beach the maximum values of phosphorus concentrations
exceed the standard levels set by the state 3.S times, indicating that
the two areas have the greatest seasonal variations.

It is interesting to note that in all the study areas on Oahu, the
maximum values of nitrogen or phosphorus that occur because of seasonal
and other effects can exceed the standards by as much as three- to sixfold.

Analysis of nitrogen and phosphorus in sediments show that Maunalua
Bay has the greatest median concentrations of these nutrients.

MICRO%!LLUSCS

The utilization of biological data in the assessment of water quality
is now an integral part of water quality programs throughout the United
States. Aquatic organisms are not only essential components of the
recreational, economic, and aesthetic qualities of coastal waters, but
also reflect chemical and physical parameters of water quality, and may
serve as indicators of environmental changes.

The Hawaiian Islands are surrounded by a variety of shoreline types
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and offshore habitats: fringing reefs, solution benches, tidepools,
and sandy beaches inshore, and subtidal coral communities of vary-
ing development and structure at depths of less than 1 m to depths of
more than 50 m. Each ecosystem has a characteristic biota and each
may be differently affected by pressures generated on land: subtidal
coral communities off the Hamakua coast of Hawaii were reported by
Grigg �972! to exhibit reduced numbers and diversity of organisms as a
result of heavy siltation and deposits of mill trash caused by the opera-
ations of sugar mills along the coastline, and certain aspects of the
coastal waters off Kilauea on the north coast of Kauai similarly exhibit
reduced numbers of organisms  Lau et al. 1972!. Kaneohe Bay and Pearl
Harbor, Oahu, are cited as areas where the biota is strongly influenced
by eutrophication  Peeling et al. 1972; Lau 1972; Smith et al. 1973!,
indicated by the dominance of a few species dependent on the primary pro-
ductivity of the water column.

Despite the numerous studies of the effects of pollution and habitat
disruption now available, few studies consider the details of pattern
changes. In this discussion we consider one group of organisms common
to all marine ecosystems in the Hawaiian Islands, micromolluscs, that is,
molluscs with shells less than about 10 mm in greatest diameter. Because
molluscs represent a spectrum of trophic structure and a variety of spa-
tial relations in their habitats, the species composition, diversity, and
abundance of their assemblages are presumed to reflect the structure and
ecological status of the communities of which they are a part. To es-
tablish baselines for comparative purposes, we ask three questions:
I! What species are present? 2! What are the patterns of species dis-
tribution, abundance, and trophic structure'? 3! What are the patterns
of change in different ecosystems?

ME2'80DS. There is considerable evidence that micromolluscan shells
are deposited in situ in sediments, with little or no long distance
transport. Volumetrically micromollusc shells may comprise as much as
one-third of the sediments of reefs, tidepools, solution benches, and
sandy beaches; hence, analysis of unconsolidated sediments samples large
numbers of species with a minimum of effort, and allows quantitative and
qualitative inter-area comparisons. The shells analyzed represent in
general species with maximum size of not more than 10 mm. When shells
of larger size occurred in the samples, they were included in the
assemblage counts, but except for stations in Pearl Harbor and Honokohau
Boat Harbor none of the species comprises a dominant portion of the
samples.

Surficial sediment samples were obtained by hand or dredge from a
variety of areas on the islands of Kauai, Oahu, Maui, Molokai, and Hawaii
between 1969 and 1973. Sediments were subsampled in volumes of 25 cu cm,
or lesser volumes if they were deemed appropriate. Counts of micromolluscs
were made at magnifications of 50 to l00 X. Fragments identifiable to
species were counted as one animal, but only apertures or apical whorls
were counted in each sample. The size of the sample was arbitrarily
chosen and appears to be satisfactory in that it gives maximum counts of
up to 600 shells/cu cm. Greater numbers would have been difficult to
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deal with in a routine manner.

Several techniques were utilized to gain a quantitative insight into
the distribution of molluscs in relation to habits and habitat type.
Average relative abundance values were calculated by computing the per-
centages of species and family groups. Frequency, the number of occur-
rences of a species in each group of stations divided by the total number
of stations in the group, is also considered. Standing crops were es-
timated by dividing the number of shells obtained from a station by the
volume sediment analyzed. Trophic structure was determined by calculating
the number of individuals associated with a particular feeding habit and
dividing by the total number of individuals in the sample. Species
diversity was calculated using the function H = -Zp.log p., where p, equals1 2 1 1

the fraction of the total number of individuals represented by each species
 Pielou 1969]. This measure takes into account numbers of individuals
within the sample as well as number of species. Diversity values were
calculated on an API./360 computer at the University of Hawaii.

Habitat Descriptions

In this study four habitats, which may be broadly termed ecosystems,
are distinguished on the basis of topographical and depth characteristics:
I! fringing reef flats; and 2! subtidal habitats at depths of 1 to 3 m;
3! at depths of 4 to 15 m; and 4! at depths of 16 to 50 m. Stations
representing the habitats are shown in Figures 5.4 and 5.5, with each
habitat type distinguished by a letter.

The fringing reefs on the windward and protected shores of Kauai,
Qahu, and Molokai are wide, shallow platforms extending as much as
1600 m seaward from the shore. The shoreward portions of the reefs are
usually characterized by a predominantly sandy substrate interspersed with
patches of living coral and coralline algae, and are cut by more or less
numerous channels which usually mark the places where streams flow from
the land. Depth of water on the reef flat is usually 0.3 to 2 m at low
tide, deeper at high tide and when there is heavy wave action. The reef
flat is topographically heterogeneous: portions of the flat are solid
with an algal cover of corralline algae as well as frondose species such
as Padzna> Colpomenza Sargassum, etc.; other sections are sandy flats
with some cover of Lprybpa, and/or Acmvfhopho~ inshore and Sargassum
spp. toward the seaward edge. The outer edge is from 2 to 3 ft  .6096
to .9144 m! below low tide and often densely fringed with the frondose
brown alga, Sargaaaum sp. The seaward edge  algal ridge or crest!, is
usually somewhat higher than the inner portion, and awash at low tide;
the outer wall is steep and descends gradually to depths of 10 m or
more where it is characterized by vigorous coral growth.

Three of the reef flats sampled are conspicuously af'fected by the
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deposition of mud and silt: much of the fringing reef flat in the
southern part of Kaneohe Bay, Oahu  Station R28!, the reef flat of
Maunalua Bay, Oahu  Station R25!, and the reef flat fringing the southern
section of Molokai near Kaunakakai {Station R60! .

Subtidal waters around the Hawaiian Islands are characterized by a
variety of bottom structures: coral cover may be on the order of 100
percent at depths less than 1 m to more than 50 m off the Kona. coast
of Hawaii; in other areas boulders, rubble, and dead coral are characteris-
tic of the substrate; still other areas are predominantly sandy. Stations
which represent the 1- to 3-meter depth interval in this study are in
general in shallow bays which have a predominantly rubble-strewn sub-
strate with occasional heads of the coral Pomtee. Except for the sta-
tions on the Kona coast where sediments include basalt, the sediments are
primarily calcareous. One shallow water station included in this survey
is man-made. the newly formed Honokohau Boat Harbor  SH40!, excavated
from the basalt coastline in 1969, on the Kona coast of Hawaii.

The subtidal stations at depths of 4 to 15 m also include a variety
of types. Many of the stations are those off the steep frontal slope
of fringing reefs, Stations Sl  Kilauea reef!, S23  off the Waikiki
reef!; and others are from subtidal coral communities where there is no
fringing reef  Stations S2, $21, S27, etc.!.

The deepest stations are located around the island of Oahu  Stations
SD29, SD20, SD293, SD295, SD294j and include stations off Pearl Harbor and
Honolulu Harbor.

Species Composition

The characteristics of the Hawaiian marine molluscan fauna have
been outlined by Kay �967! . Gastropods comprise the predominant part
of the molluscan fauna both in terms of species numbers and abundance. A
gastropod:bivalve species ratio of 82:18 is characteristic. The gastro-
pads are also characterized by a strong epifaunal tendency; and even
among the bivalves, most species for which we have data tend to be
epifaunal rather than infaunal.

Five gastropod families with micromolluscan representatives comprise
the dominant components of all the assemblages analyzed. Relative
abundance and relative frequency of occurrence of the representatives of
these groups are shown in Figure 5.6 and detailed in Table 5.10.

The Phasianellidae are represented by a single species, ~ca%a
um'kzbi2ia, which is associated with frondose algae such as Sargaeewn spp.
and Padina. It is ubiquitous, occurring with an average relative
abundance of 9 percent in all the habitats considered with a .S8 relative
frequency. Tvicolkz is assumed to feed on epiphytes growing on the larger
frondose algae on which it is found.

The Rissoidae are represented by at least eight genera in Hawaiian
waters, of which "G'~Chez", and Ai'eaoirux are the major representatives of
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the family in these habitats, Rieeoina arnbigua and R. miZtozcma, are,
like TricoLia, nearly ubiquitous, but are proportionately more character-
istic of the shallow subtidal stations than the deeper, where they are re-
placed by R. ephamilla, "Cithna"  Fig. 5.6!, and other small rissoids.
R. ambigua and R. miZtozona are detritus feeders and microherbivores
associated with rubble. The habits of "Cithna" are not known, these
rissoids are assumed to be associated predominantly with rubble and to be
herbivores. The shells of the shallow water rissoids are larger  ca 7 mm
long! and more coarsely sculptured than the shells of the small  ca 4 nun!
Bieaoina ephanriZZa and the smooth, vitreous "Cithna".

Of the four genera of Cerithiidae occurring in Hawaiian waters, only
one, Bittiwrr, is a predominant component of the assemblage on reef flats
and in subtidal waters. Bittiwm paz'curn and B. zeb~ are associated with
reef flats and shallow, subtidal waters  Fig. 5.6!; the former occurs
on frondose algae such as Zarga884pl spp. and Padina with Tz'icoZia. B.
zeb~ is rubble-associated and feeds on microalgae. B. i~ended also
appears to be rubble-associated, and is characteristic of mid-depths
 that is, from IO to 30 m!, The shells of B. imperugena and B. zebra are
about 10 mm in. length, heavy and coarsely sculptured; the shells of B.
pu.own are smaller  8 mm in length!, thinner in texture and only faintly
sculptured.

The Diastomidae represent a family of small molluscs the habits of
which are not known. One species, Obtortio pupoMee, is frequently found
in the sediments of reef flats and occasionally at depths of more than
lS m  Fig. 5.6!. The other diastomids, 0. pevparuuZwn, 0. dipZaz, ALaba
go~iochila, and Sca2ioZa spp. are predominantly deep water species  Fig.
5.6!. The shells of these latter diastomids are distinguished from those
of Gbtortio pupoidee and Bittium spp. by their smaller size � mm!,
fragile texture, and lack of sculpture.

The habits of the Pyramidellidae are frequently recorded as those of
ectoparasites on polychaetes, gastropods, oysters, and other sedentary
invertebrates. Several species of pyramidellids are included in the
assemblages; their specific habits and associations are not known but all
are here presumed ectoparasitic on oysters and other sedentary inver-
tebrates.

The molluscs cited above, except for the pyramidellids, are herbi-
vores of one form or another--grazers or detritus feeders. Carnivores
other than pyramidellids do not form conspicuous components of the
assemblages; those that are represented are primarily faunal grazers,
such as members of the Triphoridae and Marginellidae which feed on
sponges and ascidians. Active predators, such as Natica, turrids, small
miters, etc. are sparsely represented. Infaunal gastropods are also
noticeably absent from the assemblages; when present they are represented
by Caelum spp. and Acteocina sp. Nor do bivalves, either infaunal or
epifaunal, comprise conspicuous components of the assemblages except in a
few instances which will be noted subsequently. Attached gastropods,
such as FIippa~iz, vermetids, and Crepidula are also restricted in occur-
rence to specific situations.
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Species Groupings

FRINGING REEF FIATS, The gastropod:bivalve numerical ratio on the
fringing reef flats averages 98:2. Of the gastropods which form the most
conspicuous components of the assemblages on fringing reef flats, two
patterns of family dominance are distinguishable: a Phasianellidae/
Rissoidae pattern and a Cerithiidae pattern  Fig. S.6!. Two additional
groups of molluscs, the Pyramidellidae and the Diastomidae, are also
useful in distinguishing reef habitats.

The Phasianellidae/Rissoidae pattern is associated with reef flat
areas where there is a predominantly calcareous algal substrate and
clean, unsilted conditions: the eastern portion of the Kilauea reef;
most stations on the Waikiki reef; the northern, unsilted stations
and seaward stations of the Maunalua reef; and the north Kaneohe Bay
station  Fig. 5..7 and '1'able S.103. Despite the predominance in this
assemblage of the rubble-associated Riasoianx ambiqua and R. miltozona,
the assemblage is more accurately characterized by its association with
frondose algae. The dominant component of the Cerithiidae at these
stations is Bit.tium parfum  Fig. 5.8! and these small molluscs with
2'zioo2ia in fact comprise the greater proportion of the assemblages.

The Cerithiidae pattern is dominant on the sandy areas of the
western part of the Kilauea reef flat, at all silted stations of the
Maunalua reef and fringing reef in Kaneohe Bay, and on the Molokai reef
flat. With few exceptions the dominant cerithioid is the rubble-
associated Bitfium zeb~  Fig. 5.8!. At the Waikiki reef flat stations
where the Cerithiidae are dominant, Bittium pazaum comprises the greater
proportion of the Bibtium assemblage.

The Phasianellidae/Rissoidae and the Cerithiidae patterns of' dis-
tribution are graphically demonstrated in Figure 5.7 by the north-south
gradient of assemblages at stations in Kaneohe Bay and in transects
across the reef flat from shore to sea in Maunalua Bay.

Pyramidellids form a conspicuous component of the reef flat assem-
blages only in the southern part of Kaneohe Bay  Fig. S.7D!. The
diastomid Obtor tiopupoidez, although not a dominant component of any of
the reef flat assemblages appears in greater relative abundance and
more frequently on silted reef flats than at stations on nonsilted reef
flats  Figs. 5.6 and 5.7!.

DZP2'HS OF 2 TO 3 m. The gastropod:bivalve numerical ratio is 97:3.
The bivalves are predominantly epifaunal. The common feature of the
majority of stations of this habitat type is the predominance of the
rubble-associated Rissoidae, Rieaoina ambigua and R. miKtozona  Fig. 5.9'-
Stations SHl, SH27, and SH30!, and the cerithi,oid Bi ttium zeb~  Fig.
5.9: Stations 44, SH40, SH40a! . The species composition of the two
stations at Honokohau Boat Harbor  SH40 and SH40a! is somewhat anomalous
in the low proportions of the dominant family groups characteristic
of these depths; the anomaly is accounted for by the fact that at these
two stations the oyster Oetrea aamfvieenzis forms the greater part of the
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assemblage  Fig. 5.10!, thus reducing the numbers of epifaunal forms
present.

DZP2'HS OF 4 TO Ib m.' The gastropod:bivalve numerical ratio is
96:4. The bivalves are predominantly epifaunal. Three patterns of
gastropod species composition are distinguishable  Fig. 5.9!: I! a
Rissoidae- and hence rubble-associated pattern occurring at stations
where coral cover ranges from 50 to 100 percent; 2! a Phasianellidae-
dominated assemblage where the substrate is sand and where no coral was
reported suggesting a predominantly frondose algal habitat; and 3! a
pyramidellid-dominated assemblage in Pearl Harbor  Station S22!

The rissoids of the rissoid and phasianellid assemblages differ
from those in shallow waters in the increasing predominance of Riz80im
ephamilla and "Pith@a" marmo~ta both in terms of relative abundance and
frequency  Fig. 5.6!. Bittium imperdens is the dominant cerithioid, in
contrast to the B. pcv'rum/B. zeb~ assemblages at lesser depths  Fig.
5.6!, except in Pearl Harbor where Bihhi~ zebrum is the only cerithioid
present.

Three stations sampled within this depth range do not fit the three
patterns described: At Station S12 off the Kilauea Reef  Kauai! and
Station S26 off the Naunalua Bay  Oahu! reef there are high proportions
of Cerithiidae, Bittiwn parfum and B. zebnun, in the assemblages. The
anomaly at the Kilauea Station stems from the fact that the station is
at the bottom of a break in the reef crest and the assemblage repre-
sents an accumulation of reef-fla.t species. A similar situation appears
to exist at the Hawaii Kai station which is a lagoon formed by excavation
of the fringing reef. At the third station, Lawai  S18!, on the McBryde
coast of Kauai, there is a higher proportion of Diastomidae present than
is apparently usual at 10-meter depths, and the assemblage more nearly
resembles assemblages from greater depths as described below,

DZPTHS OF l8 TO 45 m. The gastropod:bivalve numerical ratio is 93:7.
Several of the bivalves are infaunal  e.g. Limopais and Null@! in con-
trast to stations at lesser depths. The Diastomidae comprise the dominant
component of the assemblages at most of the stations, but there is also
a strong rissoid component. The assemblage is presumably rubble-
associated. Its distinguishing features are several species Riasoina
ephami77a, Diana spp., and Obtor tio spp.  Fig. 5.6!, which are found in
greatest relative abundance at these depths. At three stations, Pearl
Harbor, Barbers Point, and Honolulu Harbor, several specimens of Obfor-
tio pup@ides and Bittium zebvurn were recorded in the sediments. The three
stations are located at the entrance to harbors traversed by large ships.

TROPHTC $2'RUCTURZ. Trophic structure in all the habitats sampled is
predominantly herbivore  Fig. S.10!, with grazing herbivores comprising
the greater proportions of the assemblages in all but three instances,
Pearl Harbor, the southern part of Kaneohe Bay, and Honokohau Boat Har-
bor. In Pearl Iiarbor and Honokohau Boat Harbor the large slumbers of
sedentary bivalves which were counted indicate the dependence of the
assemblages on the primary productivity of the water column. In the
southern part of Kaneohe Bay, dependence of other communities on the
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primary productivity of the water column is inferred from the numbers of
pyramidellids which occur in the micromolluscan assemblages, the pyra-
midellids presumably occurring on sessile invertebrates in the area.
The relatively higher proportion of pyramidellids at depths of 80 ft
�4.38 m! off Honolulu Harbor suggests a similar situation. The propor-
tionately greater number of bivalves at depths of more than 15 m tends
to shift the trophic structure at these depths in the direction of sus-
pension feeding although the molluscs with these habits by no means
predominate in the assemblages. On reef flats affected by silting the
predominance of the rubble-associated Bzttz'.um zebrum suggests a shift in
the herbivore structure from forms which graze on epiphytes associated
with frondose algae to those associated with rubble

Among the carnivores, faunal grazers, which are assumed to reflect
communities of sponges and ascidians, are predominant except where they
are outnumbered hy the ectoparasitic pyramidellids in Pearl Harbor and
Kaneohe Bay. Faunal grazers are more conspicuous on nonsilted reef flat
stations than on those affected by silting, and they are also more con-
spicuous at depths of 5 to 15 m and at greater depths than they are on
reef flats or at depths of less than 3 m.

82'ANDI' CROP. Standing crop as indicated by numbers of shells per
cu cm is generally lower on reef flats than at the subtidal stations,
and lowest on those reef flat stations with silt  Fig. S. II!. Standing
crop is also generally lower at shallow subtidal stations than at those
of depths of more than 3 m, but it is almost inordinately high �0 cu cm!
at some of the deepest stations  Fig. S.12!. Kauai subtidal stations at
depths of 3 to 15 m are generally lower in standing crop than are stations
at similar depths off Oahu and Hawaii. On Oahu, two stations, one off the
Waikiki reef and one in Kahana Bay, which have a predominantly herbivore
trophic structure  i.e. Phasianellid-dominated! have the lowest standing
crop.

DZVRWSXTX. There is a strong correlation between species diversity
and the physical condition of reef flats: these reef flat stations which
are silted have noticeably depressed Shannon-Weaver values which contrast
with the higher values of reef flat stations which are not silted  Fig.
5.11!. The relation between diversity and silting may be attributed to
lesser availability of frondose algae and sponge- and ascidian-covered
rubble on which microherbivores and faunal grazers live, the unstable mud
substrate precluding growth of both algae and encrusting invertebrates.
The availability of habitat for micromolluscs is thus decreased. If we
assume that micromolluscan distributions are associated primarily with the
diversity of available habitat, then low Shannon-Weaver values are not
unexpected.

Among the subtidal stations, the lowest diversity values occur in
Pearl Harbor where there is considerable evidence of eutrophication.
In addition, two stations at Kahana Bay, Oahu {S27! also exhibit low
diversity values. Both stations also show high proportions of algal-
associated micromolluscs.
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Discussion

The present study of micromolluscan assemblages from the surficial
sediments of more than 50 stations in the Hawaiian Islands attempts to
explore the relationships among species composition habits and habitat
type, and to ascertain what factors are important in controlling distri-
bution and abundance.

The major assemblages described above exhibit several contrasting
features for at least the dominant components of the assemblages. Reef
flat assemblages are comprised of rather coar'sely sculptured shells
associated with either frondose algae or rubble. At shallow, subtidal
depths rubble-associated species predominate; at greater depths there is
an increase in the proportion of faunal grazers. At depths of more than
IS m the assemblage is comprised of many small, fragile shells, and faunal
grazers and bivalves play a more conspicuous role in the trophic structure
of the communities than they do at lesser depths.

Standing crop and diversity values are fairly consistent. for most
stations which have not been affected by pressures generated on land.
However, there are noticeable differences among the ecosystems: the
Kauai stations exhibit lower standing crops than do those from other
islands. Diversity values for subtidal waters are consistently higher
at depths of more than 5 m than for reef flats and shallow subtidal waters
of less than 5 m, and lower at depths of +15 m.

When ecosystems are affected by pressures generated on land, there
appear to be two responses, both involving changes in the structure of the
community, On reef flats where algal-dominated and rubble-associated
communities are affected by silting, the change appears to be one in
which the rubble-associated species Bittium zebr'um becomes the major
component of the fauna. Standing crop and diversity values are conspicu-
ously depressed by silting.

When the change involves input of nutrients, as in Kaneohe Bay and
Pearl Harbor, the community changes toward one which is dominated by
suspension feeding forms dependent upon the primary productivity of the
water column. Both standing crop and diversity values are also con-
spicuously depressed as at Pearl Harbor.

Three groups of micromolluscs serve as indicators of environmental
conditions: ObMrtzo pupoides which is associated primarily with silted
reef flats, and, which also appears in deep harbor areas  ca 27.43 m in
pearl Harbor!; pyramidellids which we take as indicative of large numbers
of sedentary fauna; and Bittzzrrrr zeb~ which is the apparent surviving
species in all areas under stress. It is perhaps of more than passing
interest that Obtoz tz'o pupoides or a very close relative is also
characteristic of anoxic environments in the Fanning Island lagoon, and
that BzttiMrr aebrnarr is one of the most ubiquitous species in the Indo-
West-Pacific, occurring in a variety of color forms from the east coast
of Africa to Hawaii.
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If we can accept the assumption that micromolluscan species composi-
tion and diversity reflect the structure of the communities of which
micromolluscs are a part, then the following set of conditions appear to
exist in the coastal waters of the Hawaiian Islands:

l. Reef flats and shallow subtidal waters to depths of less than
3 m are somewhat less diverse than are subtidal waters of
greater depths. If diversity is associated with stability, it
follows that shallow coastal waters including reef flats and
shallow bays represent somewhat less stable conditions than occur
at greater depths in the Hawaiian Islands.

2. The response of ecosystems to land-generated pressures involves
primarily changes in structure from a grazing herbivore environ-
ment with associated frondose algae to either a rubble-associated
ecosystem with few species or to a eutrophic state with many
suspension feeders and low diversity.

CHANGES IN INSTITUTIONAL ARRANGEMENTS

During the time period covered by this progress report several
actions have been taken at both the federal and state level which either

change the policy framework within which public decisions are made, or
constrain the freedom of decision, or point the direction or the timetable
of action programs. In addition, events beyond the immediate control of
public agencies have distracted the citizen, reoriented societal objec-
tives, or altered the priority of various goals. In neither of these
categories is the ultimate impact fully predictable, nor is the effect of
one upon the other at all clear.

The QCW proj ect study year began with citizens strongly supporting
environmental perfection in all aspects of life; concerned with the
ecological consequences of all man's acts, and heedless about either
costs, cost effectiveness, or the relative scale of environmental destruc-
tion and the measures necessary to preclude it. However, there was talk
of taxpayer dissatisfaction, reduction in personal property taxes, and a
general alarm at what at that moment seemed high prices. There was
evidence that the time was near when the cost of society's obj ectives
would have to be weighed against the benefits on the environmental scale;
but in general the citizens still lived in an emotionally charged dream
world and adhered to the illusion that industry could be made to foot the
bill while lowering its prices.

The year ended with the citizen emotionally exhausted and politically
polarized over Watergate, dismayed at the energy crisis, concerned lest
his way of life might be unnecessarily circumscribed by the ecological
attitudes to which he so recently subscribed, thoroughly alarmed at costs
and shortages, and showing signs of a willingness to reconsider priorities,
particularly if a scapegoat could be found for environmental disarray.

The effect of such changes in public attitudes or the point where
they may again be stabilized will, of course, be a determinant of the
development rate of systems and policies aimed at protecting the quality
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of coastal waters.

More definite in outline, although unclear as to future interpreta-
tions, are several institutional arrangements of recent origin. Some of
these are outlined in the paragraphs which follow.

FEDERAL LEGISLATION

Pexhaps the most significant of all recent happenings in the Field
of water quality control is the passage of Public Law 92-S00, the Federal
Water Pollution Control Act, Amendments of 1972. Not only does this
Act change public policy, but its breadth and its vageness make it
susceptible to a great many conflicting interpretations which will take
a long time to resolve.

Of particular importance to the plan~er, decision maker, legislator,
regulatory agency, waste producer, engineex', scientist, and technologist
concerned with land-water quality relationships and pollution control are
the following facts:

~ The Act declares that it is the policy of the Federal government
to discontinue all waste discharges to navigable waters of the
United States by the year 1985.

~ Although there is a growing debate over the feasibility of en-
forcing such a policy, the statement has generated broad propo-
sals to dispose of all liquid  and other! wastes upon the land.

agricultural and silvicultural activities, including
runoff from fields and crop and Forest lands;
mining activities, including xunoff and siltation from
new, currently operating, and abandoned surface and
underground mines;
all construction activity, including runoff from the
facilities resulting from such construction;
the disposal of pollutants in ~elis or in subsurface
excavations;
salt water intrusion resulting from reductions of Fresh
water flow from any cause, including extraction of ground-
watex, irrigation, obstruction, and diversion; and
changes in the movement, flow, or circulation of any
navigable waters or groundwaters, including changes caused
by the construction of dams, levees, channels, causeways,
or flow diversion facilities...

 A!

 C!

 E!

 F!

However, the Act turther provides in Section 304 e! that  see EPA-
600/4-73-010, July 1973!:

The Administration [of EPA!...shall issue...within one year the
effective date of this subsection  and from time to time thereafter!
information including �! guidelines for identifying and evaluating
the nature and extent of nonpoint sources of pollutants, and �! pro-
cesses, procedures, and methods to control pollution resulting
from--
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Pursuant to the foregoing provisions the EPA is proceeding to pre-
pare guidelines for the control and monitoring of surface and groundwaters
which the states must implement.

The Act requires each state to develop standards and programs which
concentrate upon the water pollution problem and seek to resolve it. To
this end the EPA. will provide guidelines which the state must meet, and
will provide financial assistance to the state to carry out its program.
Should any state fail to provide and implement a program acceptable to
the EPA, the federal agency may move in and operate such a program in that
state. Guidelines For Developing or Revising Water equality Standards
under the Public Law 92-500 provisions have already  January 1973! been
compiled and distributed to the states.

The new law provides for establishing guidelines for proper operation
of waste water treatment facilities, for training of plant personnel,
maintaining and staffing qualified laboratories, and reporting of opera-
tional and monitoring results. For this purpose a Municipal Waste Water
Systems Division was established in the EPA with the foll. owing mandated
functions that it:

"...will be responsible for developing the technical policies,
regulations, and guidelines to articulate EPA strategies for
implementing legislative mandates in the municipal waste water
treatment field. These policies, regulations, and guidelines
will provide national direction for interstate, state, and
local authorities in the design, construction, operation, and
maintenance of municipal waste water treatment systems. This
technical directio~ will be consistent with federal fiscal
policies and sound water quality planning principles."

The Division has four principal tasks:

~ To set policies and to design, develop, and administer an effective
program for the operation and maintenance of municipal waste
treatment systems.

~ To establish firm goals for the completion of the construction
of municipal waste treatment systems and to monitor progress
toward the accomplishment of this task.

~ To set policies for and to ensure that new, improved, and
effective designs and engineering techniques are employed in
the facility's construction program, and to ensure that these
systems constitute the most cost-effective designs and technolo-
gies available.

~ To ascertain and report on the degree to which the construction
program and available funding meet the needs of treatment in
terms of population served and in degree of treatment for meeting
water quality goals.

The federal law has both strengths and weaknesses in so far as it
applies to the coastal water quality in Hawaii. Ensuring proper design
and operations of waste water treatment plants is a major step forward.
Such steps do, however, bear upon the degree of freedom of the state to
utilize the results of land-water quality investigations in providing
appropriate systems. This is especially true in that the federal law
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establishes secondary treatment as the minimum goal of all waste water
treatment systems. The fallacy of' such a provision is demonstrated clear-
ly in Hawaii in the case of requiring secondary treatment for the proposed
Sand Island waste water treatment facilities and ocean outfall. Inten-
sive investigations have documented little environmentally detrimental
effects of raw sewage discharge beyond aesthetics. Further, they have
predicted even less effects resulting fronr the discharge of advanced
Irrimary treated effluent into a more suitable site in the ocean.

Among the weaknesses of the federal program are such problems as the
following:

I, Ten regional offices often seem not to be a part of the same
agency.

2. It tends to impose the same standards on all situations, which:
a! may make no serrse because of climatological, geographical,

cultural, ecological, and other regional differences.
b! requires the adoption of the rationale that "there is no

such thing as overtreatment of waste water", and hence
may require the investment of fIrnds in virtually useless
systems.

c! assumes that the response of receiving water is predictable
orr the basis of quality as measured by laboratory analyses.

3. May afford apparent ease of' policy enforcement at the eventual
cost of credibility loss, and hence of effectivenss of the
administering agency.

STATE LEGISLATION AND ACTIVITIES

Four Acts of the 1973 Regular Session, Seventh State Legislature of
Hawaii are pertinent to the institutional changes of the past year which
bear upon Coastal Water Quality. Summarized these are:

ACT 107

 S.B. No. 930, SU 1, K3 1! SHORELINE' AA'EAS; REMOVAL OF SAND ANL OTIPER
MATERIALS; CLARIFICATION OF DEFINITION. Prohibits the removaL of sand,
coral, rocks, soil, or other beach compositio~s within the shoreline
area or 1000 ft �04.8 m! seaward of it or in ocean water 30 ft  9.144 m!
deep or less. Permits the commercial mining of sand or other minerals,
or taking of coral or rock in the territorial ocean 1000 or more ft
 >304.8 m! from the shoreline or in ocean water 30 or more ft  >9.144 m!
deep; if a commercial enterprise has the written permission of all
governmental agencies having jurisdiction. Clarifies the meanings of
shoreline, shoreline area, and shoreline setback line and deletes the
term "shoreline setback area." Effective Nay l7, r873.  SSCR 399;
HSCR 741!

ACT 118

 H.R. No. 1089, HU 1, SD 1! ENVIRONMENTAL QUALITY; CONFORMANCE VITIJ
FEDE"7AL REGULATIONS. Expands definition of "waste" to include excessive
noise. Establishes procedures for issuance of permits to conform with
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federal regulations, including public notice of each application for a
permit to control water pollution; provides for suspension or revocation
of a permit if it is violated, obtained by misrepresentation, conditions
change, or the public interest demands, Requires the director to act
on a variance or permit within 180 days of the application. Increases
the penalty for violations from $2500 to $10,000 for each separate
offense. Sets the penalty for water pollution violations at between
$2500 and $25,000 per day of violation or imprisonment up to one year or
both. Effective May l 7, 1973.

ACT 161

 S.B. No. 377, SD 2, HD I! ISSUANCE OF REVENUE BONDS FOR ANTI-POLLUTION
PROJECTS. Authorizes the Department of Budget and Finance with guber-
natorial approval to issue in its own name revenue bonds, with final
maturity not exceeding 40 years, to finance anti-pollution projects. Sets
the conditions and procedures for issuance and for the use of the
revenues, sales of the anti-pollution project bonds, and extension or
renewals of proj ect agreements Exempts from state, county, and munici-
pal taxation all revenues derived by the Department of Budget and Finance
from any anti-pollution project and all interests of the state in any
such project. Requires that anti-pollution projects be certified as
necessary or desirable by the Department of Health and be undertaken with
responsible parties. Requires the project party to pay the principal
and interest on all revenue bonds issued, when due, and other expenses
relating to such issuance. Provides for purchase by the county of anti-
pollution facilities for the supply or distribution of water to or the
collection or treatment of sewage and other waste disposal from a single
or multi-family residential development.

Requires the attorney general to either intervene in a suit brought to
determine the constitutionality of the Act or to bring a declaratory
judgement action for a determination that revenue bonds issued under
the Act can be excluded when determining the total constitutional in-
debtedness of the state. Effective May 22, l973. {SSCR 126, 54S; HSCR
775!

ACT 164

{S.B. No. 929, SD I! COASTAL ZONE HANAGEMENT PROGRAM' ESTABLISHED.
Authorizes the State Department of Planning and Economic Development to
prepare a coasta.l zone management program establishing objectives,
policies, and standards as guidelines for the Land Use Commission and
other state and county agencies in the use of lands and waters in coastal
zones of the state which conform with the State Comprehensive Outdoor
Recreation Plan, as required by the Federal Coastal Zone Management Act
of 1972, Public Law 92-583. Allows the Department of Planning and
Economic Development to expend federal grants and matching state funds
for the development and administration of the coastal zone management
program. Effective May 22, 1978.  SSCR 397, S61; HSCR 804!

Evidence produced by the QCW project which showed that current
Hawaiian standards regarding total nitrogen in Class AA cannot be met
by nature was utilized by the State Department of Health in 1973 in
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actively seeking to revise Chapters 37 and 37A of the Public Health
Chapters. To this end the state is actively seeking more realistic
numerical values which are defensible under the provisions of Public
Law 92-500.

PUBL!C INFORMATION ACTIVITIES

During the report year the QCW project continued its public informa-
tion activities. A public technical seminar series of two meetings con-
tinued the program started during the first year of the project. Five
issues of the Project Bulletin  hereinafter appended! were released
and distributed to more than 500 public officials, technicians,
scientists, organized groups, and individual citizens. These issues
deal with: the QCW Summary Progress Report, Mercury Levels in Marine
Biota, Bacterial Indicators of Water Quality, and Coastal Waste Disposal
Practices in Hawaii.

Participating scientists from the QCW project group presented four
papers before scholarly and technical groups, testified at public hear-
ings in Hawaii, and responded to calls for assistance by legislators
and public officials.
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APPENDIX A: FISH SURVEY

Survey Methods

Data of fish abundance and species diversity were collected at Sta-
tions 1 to 6  Pig. 3.11! using a technique modified from Brock �954!. At
each station a 250-ft �6.20 m! long nylon line was placed on the bottom by
SCUBA divers. While swimming along the line the divers recorded species,
numbers, and sizes of all fish seen within 10 feet �,05 v! of either side
of the line �0 feet or 6.10 m total! and in the water column 10 feet
�.05 m! above the bottom.

Abundance of each species in pounds of fish was calculated by using
the species constant values for weight-length relationships available from
the State of Hawaii Division of Fish and Game. Weight is determined by
applying the equation: length x constant = weight in pounds.

Results and Discussion

Species diversity indices were calculated by two separate techniques
on an APL/360 computer at the University of Hawaii. In the Shannon, Weaver
�963! formula H' = -Z p. logy P., where P, is the fraction of the total

i
number of individuals in each species. The diversity index, H', is an
estimate of a random sample of a larger population.

1 N!In the Brilliouin �960! formula, H = N logz ~ '... where
Ni! Na! ...N ! '

N is the total number of individuals, N is the number of individuals in
s

each species. The diversity index, H, is the true diversity of the col-
lection treated as a separate population and not as a small sample of a
larger unknown population  Pielou 1966!.

The results of the fish transects run at Stations 1 to 6 are shown in
Table A.l to A.6. Each table also includes the date and time of day of
the transect data collection. This information is important if repeat
transects are run at these stations at some time in the future, since
fish abundance is somewhat seasonal for some species. Daily feeding activ-
ity of different species also varies considerably.

A summary of the data and diversity indices of fish transects are
shown in Table A.7.

A large school of goatfish was observed at Statio~ 1 during the tran-
sect run. This is a wandering schooling species and should not be consid-
ered as a continuous resident of this station. For comparison with other
stations, this species is excluded from the data.

The abundance of fish in pounds per acre at Station 2, adjacent to
the present outfall site, is less than half of that at Station 1. Diver-
sity is also lower at Station 2 than at Station l. Characteristics of
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TABLE A.l. SPECIES~ SIZE N4! lrKIGHT OF FISH RECORDED AT
STATION l IN KAILUA BAY, 23 JULY, I973.

FAHI LY-SPEC IES

AGANDAR I DAE

loanthurue nt gmJKs

leant hurus nigrof4eous

lazethurue sanduiosnsis

6

12

35�!

6

.00068 0.88

.09095 2.46

.00132 5.78

.ODD92 leI9I%zoo l T tura tus

.00089

.00101

1. 15

3�! ~ 00121 0.10

4�5! .00064 8.64

4�!

2�!

1�!

2

.00995 0.48

.00104 0.26

.00997 Oe12

.OOD74 0.20

.00073 0.55

10�!

6�!

LADR IDAE

StsthoJulie ex»i lIarie

Tha Iasscma dupsrrsyi

LLIT JAB I DAE

.09054 0.86

.00059 3.84

25�!

52�!

1�5! .09086 2.90

.09081 0.80

.00045 0.90

.00044 33-00

16

2

�0O+!»

1�6! .00013 6 ~ 07

.00065 1.25

.00101 1.42

30�!

22�!Poslaoentrue 0 encl nsl

plsotroglyphidodcrn

johne tonianus

SCAR92 DAE

psrspi oi I, latus

.90066 0.3218�!

3�5! . 00983 8. 40

258 �05+!" 9TOTAL

HDTE: l4PSERS IH PAREIVRKSES INDICATE ACTUAL L194rTH USED IH GALCULATIhKi
WEIGHT. TRANSECT RLPI AT 1239 HSNS.

» SCHOOL DP OOATPISH DOSER' SWleDUN; TIORRIOH ~CT. WEIDHT PISLNES
IN PARHfBKSIS INCLINE SCINOLI SE Rh& MIGHT EXCLOES 'PCH.

BALI ST I DAE

yae lie tee burea

IIhineaxnthue reotangu lus

CANIHI GASTER I DAE

Can thigaetsr jaotator

~IDAE

imam eelampygus

CHAETODDNT I DAE

Chaetodon quadrkaxculatus

Chas todon teal ticinotus

Chassodon frsnhlii

poroi pigsr f Iaoissiams
C I RRHI T IDAE

Paraoirrhitss ci notus

paraoirr hi tes area tue

lprion sires esne

t%LL IDAE

P~seneue multifasaiatus

parupensus p lsurostiynu

bkalloidiohthys aurifkpmm

%RAEH I DAE

Gysnothmm sums tris

PCyeLCENTR IDAE

~s vandsrbi l ti

eel%ER DF IICNVIDUALS CO@TANT WEIQA'
<6" 6-10" >IO"  POLINS!
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TABLE A.2. SPECIES, SIZE, AbD WEIGHT OF FISH RECORDED AT
STATI N 2 IN KAILUA BAY, 23 JULY 1973.

FAMILY NLPSER OF IMMI V IDLIALS CCNSTANT WE I GVI'
<en 6 In > 10' ~  moos!

AlMITHLR I DAE

2. 79

0.82

3. 52

0.83

BALI ST I DAE

Bhinecanthue rectcmgulue

CANTHI GASTER I DAE

.00073 0.32

2�!Canthigae ter antiNonensis

CHAETKKHT' I DAE

,00097 0.05

2 s!

3�!

Chaetodon quadrinraoulatus

Chaehxkm coral lioala

.00095

.00098

0.23

0.37

CIRRHITIDAE

Paracirrhitee cinctue 4�! .00074 0.08

LABRI DAE

,00054 0.86

4.35

0.13

0.79

1�! .00082 0.02

Parupeneus multi faeciatus

PONACENTRI DAE

2. 43.00081

~e vanderbilti .00065 3. 16

1. 20

0. 08

0. 97

326 23,00TOTAL

MXK: f4PIBEIEv IN PAREIfPKSES INDICATE ACTQLL LEMaTN USED IN CALCULATING
WEIGMT. TRANSECT RLH AT 1400 HXjt5.

Aoanthurus nigrorie

Acanthurue nero fuecue

Acanthurue leucopareius

Acanthurus eandvioenei e

Stethojulus axillarie

Tha Iassosma duperreyi

2%a l assoc|a urebroetiyma

Thalasearm bal lieui

MCN~ I DAE

Pervagor spi losana
t%LL IDAE

Abudefd'uf abdo«finalis

Abude fdu f ingate permi s
Ponaxoentrus jenkinei

19

22

63�!

2s�!

59�! I

I

76�!

12 s!

Ie�!

15�!

.00068

.00095

.00074

.00132

.00059

.00060

1�1! .00059

.00080

.00063

.00101
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TABLE A.3. SPECIES, SIZEp AhO WEIGHT OF FISH RECORDED AT STATION 3 IN
KAILUA BAY. 23 JULY' 1973.

MJ%ER OF INDI VIDUALS CONSTANT WE IGHT
<6" 6-10" >10"  ~DS!

FAMILY-SPECIES

ACANTHUR I DAE

Acanthous o'liuaceus

Acanthurue sandvicsnsie

. GG068 0. 29

6.77.00132

.00074Acanthous Leucapareius

CtenochaeMs s t'ai gosus

2. 24

. 00094 0. 24.

BLE&l I DAE

4�!

1�!

Chaetodon lunula .00124 0.27

C I RRH I T I DAE

Pavac&rhi tes cinctus

Pamcirrhites foe'stem

4�! .00074

.00070

0.08

G. 30

LABRI DAE

1. 38

4. 13

2. 72

Pancpeneus pathy~

PONCE NTR I DAE

3 8! .00084 1.29

Chmrrris vender bi gati

~is 7 el4%4PQB

1.66

0.08

0.78

0. 36.Go06620�!

22.59TOTAL 264

NOTE: NLN3ER IN PARAhfAKSES It@!ICATE ACTOR LENGTH USED IN CALCULATING
WEIGHT. TRANSECT RUN AT 1600 HXRS-

LNKNQWN.

Ci~pectus v~o'Losus

Zstibkennius gibbi frans

CHAETODONT I DAE

StethoJ'uli s axil5~s

Thalasso' chperreyi

Thalassoma utnbrestipna

WLLIDAE

Pomucentrua J'eaAinsi

P2scttvgly phiWa'on

johnstonianus

2

41�!

14

4�!

40�!

56�!

21

40�!

2�!

12�!

.00054

.00059

.00060

.00065

.00098

. 00101
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TA8LE A.5 SPECIES, SIZEp AM! WEIGHT OF FISH RECORDED
AT STATION 5 IN KAILUA BAY. 24 JULY, I913.

FAMI LY-SPECIES l4&CKR DF Ill!I VIDUAL CNEc TANT WEIGHT
~6cc 6 ln >10cc  POLIS�!

AIANTHLR I DAE

Acmnthurue o liccaosrcs 2

Aoanthume ~s 13
Ctsnoohastus stsigtosue

BALI ST IDAE

Balistss bcacsa

krsliohthps rricScca
CANIH I GASTERIDAE

CacltMgczstsp Jao tata'

CHAETCOCNTI DAE

Chassodocc oonrllioola 5�!

Chas todotc fhvunblii 2

CIRRHITI DAE

paccaoirrhi tss oiccotus

Paraoirrti tss aroatue

HOLDCENTR I DAE

Soloo~ ~tlunythrus 5�!

LAOR IDAE

Bpdiacucs bilcosclatus

Stethqjulis aeillaris 2�!

15calasscrcca ~yi 20�!
~s vsccccsta 2

k&re4&s phtMrophagus 1

kkrorop~rng odocc goof~ 1
MAL4GANTHIDAE

mlaoanthus hosdtii 6

.00068

.00068

.00094

.00064

1.65

1.91

1.88

1.28

11 8!

2 8!

$.01

1. 13

.00089

.00110

.00121

0.61

0.42

.00090

.00097

. 00074

1.19.00073

0.21

9<8! 3<12! .00062

.00054

.00059

.00044

.00041

. 00074

5.75

0.07

0. 37

0. 19

0. 09

0.16

.00004 0.05

lOALI DAE

Ebmpeccsus see ti fasoiatus
Jbtapeccsus plsurostignuc

RH4l JWTHIDAE

Ceccttepygs po~

Pc~iLENTR IDAE

CFL&ycccie lsuousus

Plsctxeglltphidodocc

gohrcstoNciaccus

SCAR I DAK

~ pcsc'spioillatus 3
SERRAWIDAE

Cassiopeia thoscpso~

.00081

.0004$

1.7$

0.29

0. 142�! .00111

0.166�!

.00066 0.052�!

0.51. 00079

. 00047 3.17

32.92TOTAL 1$4 32 3

IO7TE: t4PBERS IN PAREHTIKSES M>ICATE ACTUAL LghSTH USED IN CALCIAATII%
WEIGHT. TRANSECT RIN AT 1500 ICONS.
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TABLE A.6. SPEC I ES, S IZE, AND 'WEIGHT OF FI SH RECORDED
AT STATION 6 IN KAILUA BAY. 24 JUI Y, 1975.

FAKIR-SPECIES NLP%ER OF INDI VIDUALS CONSTANT WEIGHT
c6" 6-10" >10"  ~!

Acanthurus nigrorue

Acct hurus agro fuecus

Acanthurus sandsicenei s

1G .00068

.00095

26 12 .00132

Acanthurue olivaceus .00068

.00094

.DGG64

Ctenochaetus etrigoeue

%ceo micornie

BALI STICKLE

Balistee bursa 1 11 9!

3

.00089

.00073

5.20

2. 19Rhinecarxthus rectangu lus

GVfTHI GAS TER I DAE

Cunthigaster J actator

CHAETOtXHT I DAE

.00121 0. 78

chae Codon dora l lido Ia 0.24.G0095

1.18.DDG97

0.36.00095

5�!

3

.00074 0. 10

Paracirrhi tee forsteri

Cirrhi tue alte~tue

l. 15.00070

.008DG 0.80

1�!

15�!

14�!

. 00044 0.03

0.52

2.23

1.D7

0.27

Parupeneus mul ti faeciatue

Pok&pam8u8 pleuroetigsez

PI~GPÃTHI DAE

4.22.00091

.00045 0.84

3�!Centropyge pot teri

RNl4 ENTRI DAE

.DG111 0.21

53�!~e oxalis .00095 3.22

ZANCLI DAE

2.26.00102Zcvu-'lus chxtll8edeee 1 2

64.99TOTAL 140 59 1

%!TK'- %USERS IN PARENTHESES INDICATE ACTUAL K&@TH USED IN CALCULATII4i
WEIGHT, TRANSECT NPI AT 1330 HOLRS.

< UNmOWN.

Chas~ fremblii

Chae codon quadz~latue

Porcipiger flavieeimus
CI RRHI T IDAE

Pamcirrhi tee dimrtue

LABR IDAE

Corie gainazrdi

Ste thoJ'uli e a+i 1 laris

Thalassoma duperreyi

Bodianue bihumlatue

~des phthi rophague
I4JLL I DAE

2�!

1

3�!

1

.00054

.00059

l�2! .00062

.00041

6.80

1.90

23.24

2.04

0.94

3.20
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TABLE A.7. SLPHARY OF AB'LPGA'KE~ NtJ%ER QF SPECIES OF FISM, ANO
~ Dt~/ERSITY IM!ICES AT SIX STATIONS IN J AILUA BAY.

23-2' JULY, 1973.

}leeER ~ 1}o Iv1 rx}ALs TOTAL 01}aRS ITY
sTATIQI FA}}ILIES sFEcrts I}} 5}ZE CLASSES FoNNS FIXAES/ACRE I}eax

ASH 6 Ill } Letl 0"

}E7TE: }IASExs w PREEN}leses III:LlxK A l&}IKRIlci sc}ex}L 0F soATF}sH CIXHlEO IH lie TRA}}SECT.
e = RRILLr}X}IN orvERSITT rrcex.
5}} - "sHA}OIR} - }eAYER olvERS I TY l}CEx.

these two statiOnS are otherwise quite sie}ilar in depth, expOSure to surge,
bottom configuration, algae, and coral cover.

The eXtrernely low abundanCe and diVerSity Of fiSh at StatiOn 4 Can
probably be attributed to its shallowness �0 ft or 3.05 m!, exposure to
strong surge, and its uniform bottom cover of sand and closely cropped
algae, which all provide a relatively inhospitable environ}Rent for a large
and varied fish population.

Abundance of fish in pounds per acre at Station 6 is about double that
of Station 5; however, this difference is due largely to the presence of
a great nuraber Of a Single SpeCieS Of fiSh, AeaFLthurua /5aMV2',Oene2'.e at
Station 6, and its complete absence at Station 5. Total number of species
and diversity seen at these two stations are identical or very similar.

12 9 1
6

13
10

25
19
11
9

26
26

2SO �00+!
511 4
264 5
58

154 32
140 66

SL.OL L59.01!
23.00
22.59
5.6L

52.91
64-99

444.4�211. 1!
200.4
196.6
51. 5

206. 7
566.2

5. 591 5. 004
5.099 3. 242
5. 101 3. 265
2.5}}1 2.955
5.464 3. 850
5. 391 3.612
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APPENDIX B: A SURVEY OF THE NICRONOLLUSCAN
ASSEMBLAGES IN KAILUA BAY, OAHU

Micromolluscs, that is, molluscs with shells less than 10 mm in great-
est dimension, were studied from sediment samples representing six stations
in Kailua Bay, Oahu collected in June-July, 1973. This study is part of a
general survey to provide a description of the benthic conditions and a
quantitative account of the dominant benthic biota in Kailua Bay  pp. 125-33l.

Sediments were obtained by hand retrieval from the six stations des-
cribed by Reed  p. 125 and Fig. 3.11!, The molluscs were studied by removing
all shells from standard 25 cu cm volumes of sediments under a binocular

dissecting microscope, and by analyzing the shells thus obtained for spe-
cies composition, species diversity, trophic structure, and standing crop.
Species diversity was calculated using the function H ' = -Lp. logzp., where

r 1
p. equals the fraction of the total number of individuals represented by

1
each species  Pielou 1964!. Diversity values were calculated on an APL/360
computer at the University of Hawaii. Standing crops were estimated by
dividing the number of shells obtained from a station by the volume of sedi-
ment analyzed. Trophic structure was determined by calculating the number
of individuals associated with a particular feeding habit and dividing by
the total number of individuals in the sample.

Results

Eighty-two species of micromolluscs were recorded in the sediment sam-
ples  Table B.2!. Species composition is shown graphically in Figure B.l
and registered in Table 3.30. Three families are dominant at all six sta-
tions: the Phasianellidae represented by one species, Trzeolza uarzabfkis;
the Rissoidae by 16 species; and the Cerithiidae by six species. Two pat-
terns are distinguishable in terms of species composition  Fig, B.l!:
Stations 2 and 4 dominated by Trioolia and the cerithid, Bi.ttium pmcum,
both of which are associated with frondose algae, and Stations 1, 3, S, and
6 dominated by the rubble-associated rissoids.

Stations 2 and 4, where algae are the dominant benthic organism,
not only resemble each other in the high proportion of Trzooli,a and Bittz,wn
pareum relative to the other molluscs but, as would be expected, show a
higher proportion of herbivorous forms than do the other four stations
 TabIe B.l!. Stations 2 and 4 also have a higher standing crop and lower
species diversity  H'! than do the other stations. Station 2 is distin-
guished from Station 4 by a higher species diversity, higher standing crop,
and proportionately more representatives of the genus Biesoimz than occur
at Station 4. Station 4 is distinguished by a higher proportion of sus-
pe~~ion feeders than occur at Station 2, the suspension feeders represented
by the mat-forming mytilid Bzaohz'dontea crebr~etrzatua, and by a higher
proportion of representatives of the rissoinid genus Merelina than occurs
at Station 2.

Stations 1, 3, 5, and 6, whi~h are rissoid-dominated, have a higher
proportion of carnivores relative to herbivores than occur at Stations 2

lower standing crop, and higher species diversity. Among the four
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TABLE B ~ 1. STANDI NG CROP, SPECIES DIVERSITY, SPEC I ES
COMPOS ITION, AND TROPHI C STRUCTURES OF
MI CROHOLLUSCAN ASSEMBLAGES IN KAI LUA BAY,

STAT I %

180 69

7.2 2.8

39 21

4. 2 3.9

NLNSER OF SHELLS

%PEER PER ca~

239 542 290 398

9.6 21. 7 11.6 15. 2

29 40 38 28

3.9 3.7 4. 3 2.6

hLHKR OF SPECIES

SPECIES DIVERSITY  Hr!

20% 20%

5'8 10|I

40% 33%

18'L

40%

9% 13%

59'6 52'6

FKRELINA happ.<
RISSOINA happ.<
YI TRI CI TH%4

85%

7%

I'0Hippaeix spp.

BIVALVES

TROPHIC STRUCTURE

75% 748

75'L

87% 97%

83a

81% 92%

81'L 90'h

HERB I VORES

GRAZING

SUSPENS I t2ii
FEEDING

26%

10% 16'I

12% 10't

3%

188

5%

11%

2'l

ACTIVE PREDATORS

FAIP4AL GRAZERS

PARAS I TES

> PERCENTAGES CAL~TED m BASIS Or TDTAL mama OF RISSOIDAE.

RELATIVE PROPORT I@6
OF DCHI NANTS

~ccHa

CER I TH I DAE

R I SSOIDAE

1 2 3 4 5 6

288 174 47%

1A 8th 26%

26% 20% 12 th

12% 12% 848

60% 74% 44

18't 12% 118

11% 2%

8a

54

89%

6a

4%, 6% 1%

1% 1%
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FIGURE B. l. STATIONS AhD SPECIES CCHPOSITION FCR MI CRCt%LLUSCS
IN KAILUA BAY, OAHU.
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ISLE e.2. MICRQMOLLUSCS RECORDED FROM KA!LUA BAY.

SPECIES ST4T I ON t4!.

2 3

Soies~l la zp.

Diodora grani fera

A l cyna rubra

Aloyna eubangulata
Cibbu la szxr«zzrea

Buche iud gesemtue

Synaptoooch isa oonoinna
&totlfyra oandida

Leptothyra rubrieincta
lap tothyra verruoo

Tricolia vaziabi lid

Barleeia dq.

P1erelina granuloea

BAreoina triti oea

Bieeoina turrkmla

Vi trAH thna mtzzma:nota

Paradhiela beetei

Zebina ~tata

Alvania dp.
titz pi I'

W~~ohud xp.

BaploooahHae ep.

Bieeoella xp.

Caecum edpMZentum

P~ labioda

Bi ttium hileende

Bittium paraLsx

Bittimn debrZSd

Bit tium impendend

Cerithium atroezxrginatzse

Pzediotroohue sp.

Bi t tium perpxrvu turn

Bit tizse dip lad

Biala varia

+ +

Here lina

Here lina

Bieeoina

Bi edoina

Bids oina

Bi deoina

Biddoina

dP

5p.

am''gua

eph silla

f aerkii

graoi Hd
miltodona



5PECLf5 STATION NO.

S 6l 2

4hrba gonioahila
ce&, tlriopdis sp.
Tripkorvr spp.
Paloid spp.

Vanikono sp.

Pi pponis fo liaoerrd

Pipponis graPanrrs

Piyponin trigonrrs
Xogomda dandier'aendid

Cyd tied sp.

Wtnelta rrnrngavita

Srrnrinel la enritlri

Ssrnine lla vaja

Pisania jrrv.

tave liana pegeei

Car inopes nineties ienrs

I'nedcr4ux sp.

aq>hnelhr sp.

Ksrnnia prenila

JVi~ha metrr Xa

Corurs sp.

PKtrrrr sp.

Peerage teria ohlomstomx

iVornrla sp.

Odostornia e tearvreiel la

Crrbnstorrria d oopnlarser

Ahetorrna pau ibm tsar

Mod torrria patria

Q&strmria sp.

Parninea rnvrrnsta

rrsPd drnnistrnatrr

Pi l Hcnnia radkrta

Anidodonta lutea

lla sp.

Ctena hei,la

+ +

A+a pHcxrta

Pernianndirdn ~

Panr'batia nrrttinPi
Prrrrcbidonted orrsbnnstriatrrd

Septi fear sp.
Clriarnyd sp,

+ +

TABI E B.2. HICRQMOLLUSCS RECORDED FROM KAILUA BAY  COhlTO!.
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stations, the two shallow water stations, 1 and 3 �8 ft and 20 ft or 5.49
and 6.10 m!, have a higher standing crop than occurs at 5 and 6 �5 ft or
13. 72 m!, and they are distinguished from Stations 5 and6 by the presence
of Bittium parcae, a characteristically shallow water species. Station 3
is distinguished from all the other stations in the occurrence of a higher
proportion of the sedentary grazing prosobranch Bipponm spp. The shells
from Stations 5 and 6, which are not only coral-dominated in terms of the
substrate, but also subject to surge, are worn, and several are subfossil ~
The low numbers of Bissoina tri5icea and the absence of Bit'tium paz'eton at
these stations are characteristic of the depths of these stations.

Con cl us i ons

Species composition, species diversity, trophic structure, and stand-
ing crop of the micromolluscs of the six stations in Kailua Bay are com-
parable with the patterns which emerge at other areas of similar depth and
substrate around Oahu. The patterns are shown in Figure B.2 with the
Kailua stations included for purposes of comparison. Trioolia/Bittium
par awe-dominated assemblages tend to exhibit higher standing crop, lower
species diversity  H'!, and a relatively greater abundance of grazing
herbivores than do rissoinid-domianted assemblages, Three stations require
comment. Station 1 which has an algal-dominated substrate is characterized
by the rissoi.d assemblage rather than the Tricglia/Bittium pcu'curn assem-
blage; this pattern may be accounted for by the fact that the algae at this
station are primarily turf-formers. The highest standing crop was recorded
at Station 2, which is the station nearest the present sewage outfal.l; it
is tempting to speculate that the high standing crop reflects the high
nutrient concentrations and hence higher productivity at this station. The
very low standing crop at Station 6 may be due to the surge conditions pre-
sent at this station which would preclude deposition in siW of micro-
molluscs.
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TROPHtC STRUCTURE
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FIGuRE 8.2. PATTERNS IN STANDING CROP, SPECIES DIVERSITY, AND TROPHIC
STRUCTURE IN TPZCOL1A/BITTIUW PARCUN AhD RISSOID ASSEMBLAGES
AT 18 TO 45 FOOT DEPTHS' OAHU.
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APPENDIX C: PROJECT BULLETINS ISSUED

'Diadromous:

zPelagic:

resources research center

UNjVKRSITY of HAWA!l

NATURE OF REPORT
ln conformity to the plan outlined

in the proposal to the Sea Grant Program
of the University of Hawaii. for the Year
04, an Annual Report has been prepared
by the Coastal Water Quality project.
The first Annual Report describes and
summarizes the nature and results of the
experimental and evaluative work of the
Project to the period ending August 31,
1972. The project is a multi-discipli-
nary, multi-directional study directed
to the general objective of identifying
and evaluating the social, political,
economic, institutional, educational,
and scientific and technological factors
which impede or expedite the protection
and restoration of coastal water envi-
ronments in Hawaii. Based on the re-
sults obtained from the wide-ranging
study, the crucial scientific and ra-
tional parameters needed in formulating
effective policies, institutions, and
systems will be developed. The attain-
ment of eight specific objectives is as-
signed to appropriate faculty special-
ists participating in 14 activities
which comprise the Project. These spe-
cialists also assist the Principal In-
vestigator' in planning the activities
which. comprise the Project and in inter-
preting and evaluating the results in
terms of the general and the specific
objectives. The report i' therefore, a
multi-disciplinary accounting of the
progress made during 1971-72.
RATiONALE OF 1ROJECT

The report begins with a statement
of the rationale on which the Project is
based. Basically it emerges from a se-
ries of concepts and realities of envi-
ronmental control. In no especial order

sea gmnt program e ~ater

of relative importance these include:
l. The quality of waters and sediments
reaching coastal waters are a function
of what man and nature do upon the land.
2, Isolation of specific types of land
development  e.g., undeveloped, agricul-
tural, urban, and' industrial! is neces-
sary if the water quality factors gen-
erated by man are to be identified and
controlled at the source.
3. Traditional chemical, physical, and
bacterial analyses may characterize wa-
ter in terms of its components and their
concentrations. In terms of the effect
upon coastal and marine environments,
t:hey largely define what quality factors
cross the interface between the land
 'area of origin! and the water  area of
effect!.
4. To evaluate water quality on an en-
vironmental scale a new parameter is
needed, z. e., the stress or lack of
stress upon marine ecosystems resulting
from constituents or concentrations of
constituents in water and sediments.
5. It is important to measure coastal
water quality by the response of living
things because the food chain begins in
the coastal zone where the linkage be-
tween nutrients and both diadromous' and
pelagic fisheries is most easily broken.
6. It is important to continue to ana-
lyze water and sediments chemically and
physically because:

a! Critical concentrations for liv-
ing things require identification.

b! Data a.re needed by regulatory

migrating between fresh
and salt waters
oceanic and being far from
land
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agencies in establishing effective con-
trols at the source of generation and
emission and in classifying coastal wa-
ters on a realistic basis.
HATURE OF Rf SUL.TS OF STUDIE$

pursuant to the foregoing concepts,
the Project initiated studies designed
to take advantage of situations in Ha-
waii where aajor land use and coastal
water and environmental quality rela-
tionshio was most readily identifiable.
influence of Undeveloped Lend

Kahana Bay, Oahu was selected as a
coastal water influenced by relatively
undeveloped land. Data already availa-
ble on the physiography and hydrology of
its drainage area, its estuarine and
oceanographic aspects, and the nature
and movement of its sediments were ex-
tended by a program of analysis of water
and sedijnents of the system and of the
biota of the Bay. As in all situations
studied, especial attention was given to
the pesticide, heavy aetals, aad nutri-
ents in the water and sediments and to
evidence of stress on the aquatic coaau-
nity ~

Significant findings, which if sub-
stantiated with time, will be of value
to regulatory agencies of the state
were:
l. Only when diluted heavily with fresh
water runoff did the dissolved oxygen
content in estuarine waters of the Bay
meet the Class AA Standards designated
for Kahana Bay waters.
2. Phosphorus was «ostly of a Class AA
level �.02 mg/1!, but this value was
exceeded seasonally.
3. Nitrogen and colifora organisas var-
ied in pattern but generally responded
similarly to phosphorus.

Thu» during the report period, Ka-
hana Bay tended to aeet Class A Stand-
ards rather than Class AA Standards.

The pesticides, DDT and PCP  penta-
chlorophenol! in Kahana Bay waters and
sediaents appeared at levels which seem
to be ubiquitous in nature. That is, at
levels of about l to 3 or 4 parts per
trillion is an exceedingly saall amount.
about one ounce in the total amount of
~ater which is used in the entire United

States in one day for all purposes, in-
cluding irrigation.

Heavy aetals, particularly lead.
codegwsn, zinc, chrcaiua, and nickel ap-
peared in the sediaents of Kahum Bay
although little or none were found in
the waters entering the Bay. Concentra-
tions in sediments followed no identifi-
able pattern but ranged from about 50 to
2000 times the aaounts peraitted to be
discharged into receiving waters by cur-
rent starubszds. Apparently the heavy
metal content in coastal sediment in Ha-
waii is related to parent geologic for-
mations from which the sediments were
derived.

Biota in Kahana Bay were measured
along several transects. A considerable
variety of species were found in nuabers
ranging qualitatively fry rare to very
c~. Soae evidence froa previous
studies indicate that fresh water during
heavy rains aay damage the biota of the
Bay. However, because Kahana Bay is in-
tended as a baseline against which to
compare coastal waters under the influ-
ence of other types of land developaent
the data cannot be readily evaluated on
any absolut'e scale. 'Ihe possibility
that the fact of embayment aay yield
data which cannot be compared with that
obtained from nore exposed coastal zones
is not being overlooked as data from
other areas beche available
influence of Sago ronne Culture end
Mi I I leg

The most coaprehensive study aade
during the report period was related to
coastal zones influenced by land in sug-
arcane culture. first priority was giv-
en this situation to monitor "before"
and "after" conditions as the Kilauea
Sugar Coapany on the north Kauai coast
closed operations after 92 years of con-
tinuous activity. Untreated mill wastes
were the aajor contributor of quality
factors from the sugarcane industry
Soil, leaf trash, and bagasse from the
milling operation created a daily visi-
ble plume and debris which ~ashed a-
shore. Coliform organisas were also
associated with the turbid mill waste.
Sediaents, rather than water, harbored
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most of the nutrients, heavy metals, and
pesticide residues found in the ocean.
DOT, although not used by the sugarcane
industry, was present in wastewater and
sediments in the sane small amount re-
ported for Kahana Bay. Herbicides used
sugarcane culture did not appear in the
coastal water.

Following the cessation of planta-
tion operations in November 1971, the
aesthetic aspects of the coastal water
quickly improved. By March 1972, the
debris was gone from beach areas and
fish were back in the area in impressive
numbers. Continued monitoring of the
other aquatic biota is continuing to ob-
serve changes and to evaluate the ini-
tial observations made of aquatic life
in relation to the sugar mill wastes.

Studies were initiated in south
Kauai late in the report period to as-
sess the effects of changed operational
practices by the Ncgryde Sugar Company,
used as a base of reference, data col-
lected in 1965 by the Environmental Pro-
tection Agency. Operational practices
and wastewater treatment facilities now
employed quite clearly demonstrate that
it is possible to operate vithout dis-
charging mill waste into the ocean and
to prevent irrigation tailwater over-
flows except when flooding occurs after
intense rainfall . Monitoring of ocean
~ster and sediments for comparison with
the l968 data is in progress. At the
time of reporting, only very preliminary
data was available. It was noted that
the usual 1 part per trillion of DDT was
also present in south Kauai.

Other studies at the Hanakua Coast,
Hawaii show deposits of sugar mill waste
to be usually limited to I/4 mile on ei-
ther side of the mill. %here sediments
have accumulated, benthic invertebrates
such as coral have been smothered.
influence of UrbonlzaHon ef Lend

Aspects of the influence of urbani-
zation which are considered in the Annu-
al Report are:
l. The effect of domestic wastewater
 sewage! .
2. The effect of storm water runoff.

Prior to the initiation of the

age 3

Coastal Hater Quality Project, action to
alleviate the largest' sewage discharges
at Sand Island, Pearl Harbor, and Kane-
ohe Bay has already been begun by the
City and County of Honolulu and by state
and federal agencies. Therefore, the
contribution of the Proj ect to these
progr eras was largely a cooperative one
in which data were freeIy exchanged and
assistance rendered by project staff and
associates in acquiring data on the "be-
fore" conditions in discharge areas.
The aspect of the Project dealing with
"after" conditions is, therefore, de-
ferred until the appropriate time in the
program .

Covering the contribution froa ur-
ban runoff other than sewage, a program
of observations of water, sediments, and
biota in progress at Maunalua Bay  an
area influenced by surface runoff from
inhabited areas vith marines and ongoing
construction!, and Waikiki Beach, where
cooperation with the Corps of Engineers
affords an opportunity for extensive
sediment and water analyses, is reported
briefly.
f volenti ve S lad i aa

Xn addition to the foregoing stud-
ies involving experimental techniques as
a basis for evaluation, Chapter 5 of the
Report discusses the results of evalua-
tive studies. Data were collected from
a wide range of sources and disseminated
by various members of the Project Staff
at public hearings, testimony before
legislative coaaaittees, and review of
environmental impact statements. !n ad-
dition, an informative public informa-
tion medium entitled, Proj eot BuZIetin,
was establisned and four issues distri-
buted to a wide sector of the community.
Its purpose was to bring to the atten-
tion of those responsible for decision-
naking the ongoing results of the exper-
imental work and key concepts and ra-
tionale which should be given considera-
tion in policy decisions but which might
well be lost to the public in the larger
context of the Amnrasf Report.
5UIgigARV OF FNNif GS

Throughout the Annual Report atten-
tion is called to results which support
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tentative conclusions. Cthor results
suggest that some effects of man's ac-
tivities may be more apparent than real,
especially, if categorically enter-
tained. For example, the esthetic ef-
fects of sugar mill wastes at north
Kauai disappeared once the discharge of
mill wastewater was discontinued. Fish
catch in the affected area likewise be-
gan rapidly to increase. In a more sub-
tle and complex vein, a local situation
may render some considerations to be far
more critical than they would be else-
where. For example, secondary sewage in
Kaneohe Bay may be ecologically harmful
on a long timespan although aesthetical-
ly acceptable, whereas at Sand Island
raw sewage may do less permanent damage
and only within a limited area although
it is aesthetically unacceptable.

But in a less speculative vein, it
seems evident that a period of observa-
tion will be necessary to assess the
overall biological changes which may oc-
cur at north Kauai.

Evidence at sourh Kauai shows that
mill waste discharge can be eliminated

University of Hawaii
Water Resources Research Center
2540 Dole Street
Honolulu, Havaii 96822

by land and wastewater management tech-
niques alone. Hov generally these tech-
niques might be applied to the sugarcane
indusrry in Havaii, and with what eco-
nmic dislocations, is not yet known.
Other evidence at south Kauai shows that
land and vater management techniques can
confine the discharge of irrigation
tailwater except in times of maj or
storms

Other general observations yet to
be verified or refuted by continued mon-
itoring of soil, water, and sediments is
that DOT in samll concentrations is ubi-
quitous, s.a., that it appears every-
where, including areas where it has
never been used as a pesticide. There
is also a mounting suspicion as the data

s from all types of sediments and land
areas grow, that heavy metals such as
lead and cadmium, and perhaps others,
are components of Hawaiian soils in
appreciable concentrations. Whether or
not this proves- to be the case, it sug-
gests an area in which the project must
direct more widespread sampling before
final evaluations are attempted.
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Mercury ranks as the sixteenth
least cosuson element in the crust. of the
earth and, yet, because of its chemical
reactivity, is widely distributed in a
varxety of organic and inorganic t'orms.
Worldwide cawaercial usage of the metal
and its release from the burning of fos-
sil fuel, estimated recently at some gl
million pounds annually, has created an
extensive and continuing redistribution.

[ncreasing awareness of problems
caused by the redi stribution of mercury
in both organi c and inorganic forms has
resulted from outbreaks of major acute
and chronic poisonings in human, bird,
animal, and fish populations, However,
our understanding of this metal is st.xll
very incosrp lete as to the nature of its
entry into speci tie biological syst eras .
whether it acculxu!ates through b iologi-
cal concentrations at d fferent t rophic
levels and ~bather' it. reaches toxic le-
vels in either inorganic or organic form
at any trophic level.

As part of the gus lity of Coastal
Water Project, recent studies of raercury
levels in a wide range of biota collect-
ed from a nearshore area on Kauax indi-
cate that benthic feeders show a greater
ability to accumulate mercury than ani-
mals feeding above the sedirsent-water
interface  Fig. 1! Df the organisms
feeding on benthic organic material gl
Percent show detect; ble mercury conceo-
tratiOns  s0.05 ppla! while Only 13 per-
cent. of the organisms classed as bra~s-
ing epiphytic herbivores or midwater and
higher traphic level carnivores contain
mercury at relish iy detectable levels.
QCW studies have already she~ that mer-
cury concentrations in relater! sediments
far exceed rhose in the water column in
lllost areas  Prolect Bulletin !v'o. 3!, so
the diaper'ate mercury level found ~n
benthic and non-benthic biota may not be
too surprising and actually makes sense.
What is intriguing, however, is that the
study suggests, eantrary to tx'aditional
assumption, the most effective pathway
of mercury transport s:ay not be through

sea grant program e water

L. s. Lau re i ~ci 1 I ~sti t
a linear food-Chain frOm plankton
herbivore to carnivore, but that great-
er concentrations of mercurv raay be
found in organisms associated with short
food chains linked directly to the oen-
thos.

ln deeper Hawaiian waters, the pe-
lagic carnivores, marlin, tuna, and ma-
hxmahx, appears to contain appreciably
higher levels of total mercury than five
nearshore species of fish, as indicat ed
by measurements made recently and sum-
marized in Table l. Mean levels of to-
tal mercury in tuna are near the 0.5 ppm
level established by the Food g Drug Ad-
ministration as the maxxeum permissible
level for mercury in edible fish. Total
rsercury levels in marlin far exceed this
tolerance limit and, consequent li-, the
local sale of marlin for human consump-
tion has been banned by the Hawaii State
Department of Health .

As shown in Tabile 1, organic mer-
cury levels measured tended to equal to-
tal mercury levels in all species ana-
lyced except mariin, indicating that
most of the mercury stored in edible
muscle tissues is organic. ln marlin
muscle tissue, organic mercurv levels
are much lower than those for total mer-
cu~, a finding that has been confirmed
through incependent measurements made by
Dr. Westoe's groirp in Sweden, who also
identified the organ ic fraction as meth-
yl mercury. Prior to this finding, it
has been assuraed that 90 percent or more
of all mercury in fi.sh tissue was xn
organic form. Khy eercurv in marlin
tissue differs so drasticallv is. not
knoam . Perhaps a l.iotransfonsation oc-
curs from the organic to the more oxi-
dixed inorganic form, or alternatively.
marlin mav a'nsoro snd store greater .'er'-
e ls of inorganic mercury fror.. sea water.

Cor.trolled Laboratory experiments
are needed to properly studv the fate of
mercrxrxc ions iri srarlne ecosystems.
series of siich experiments will shortly
get unde~.ay within the i!CW pro>ect.
Proposed is a siraplified food chaxn fea-
turing marine annelxds and one or more
nredator fish that can be maintained in
the laborato~ .

The objectives of the studv are
threefold: ll to studv tnr. hier.'i

resources research center
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Bacteriological densities are an
integral part of any water quality
standard to protect such uses as the
drinking water supply, recreation, and
propagation of fish and shellfish. The
objective of these involves the detec-
tion of fecal contamination from all
warm-blooded animals, since this is the
natural link to the occurence of patho-
genic  disease causing! organisms in
polluted water. I4ethods for the dit'ect
detection of pathogenic organisms are
gener'ally too complicated and expensive
for use in field determinations. To
circumvent this difficulty an organism
or group of organisms is utilized to i-
dentify pathogenic organisms in water..
The coliform organism group was selected
as an indicator because these bacteria
are always present in large numbers in
fecal wastes of humans and other warm-
blooded animals and are relatively easy
to detect, isolate, and enumerate.

SAaza~d Hethadsl defines the coli-
form bacteria group as "all of the aero-
bic and facultative anaerobic, Gram-neg-
ative, non-sporeforming, rod-shaped bac-
teria which ferment lactose with gas
formation within 48 hours at 35'C."
This definition is considered general
and includes a heterogeneous group of
bacterial species, most of which have
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little health significance. The ability
to ferment lactose, ho~ever, led to the
development of simple techniques for i-
dentifying the presence of the coliform
organisms.

The coliform group includes not
only organisms that have fecal origin,
such as Eecheriohm oali but also orga-
nisms that live on dead matter in the
soil., such as, Aerabacteria aerapenes
which is cossnonly found in runoff, even
from virgin watershed areas, and would
be expected to thrive and even multip'y
in some cases in polluted waters.

Water quality standards typicallv
express maximum allowable bacterial con-
centrations statistically most probably
number  Mphil! by the multiple tube fer-
mentation test or the actual count per
unit volume as determined by the newer
membrane filter technique. Other indi-
cator bacteria systems have been pro-
posed in the past but for reasons that.
have been considered unsatisfactory in
comparison with the coliform bacteria
with the exception of the fecal strepto-
cocci group which are normal inhabitants
of the intestines of humans and other
warm-blooded animals, Recent develop-
ments in methodology, including high
temperature incubation, differential me-
dia, and membrane filter techniques have
focused attention on the fecal coliform
and fecal streptococci groups of bacte-
ria as pollution indicators. It bas
long been known that coliform bacteria
from the gut of warm-blooded animals
would produce gas from lactose broth at
45 C while the coliforms from non-fecal
sources would feil to grow. This trait
of the fecal coliform has been adapted
to a standar4iamd procedure now involv-

r resources research center
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ing a aultipla tube dilution technique
with a lactose broth aedia or a membrane
filter technique, both with incubations
at near 45'C.

COLIFORM STREIsTOCOCCUS RELATIONSHIP

The density relationship between
fecal coliforas  FC! and fecal strepto-
cocci  FS! can be used to effectively
distinguish between the contribution of
huaan and non-human warm-blooded aniaal
wastes. Geldreich has reported that che
ratio between FC and FS density exceeds
4:l {FC FS! in human fecal material and
in doaestic wastes. This relationship
was reversed in studies of packing house
and dairy fera effluents, representative
of Livestock and poultry fecal contaai-
nation, with a FC:FS ratio generally
less than 0.7:1. Studies of stormwater
and fecal material froa cats' dogs, and
rodents yielded the same low FC:FS rela-
tionship. similar ralatiorIships has
bean developed with the density between
fecal coliforas and total coliforas
 TC! .

STATE WATER QUALITY STANOARDS

The state of Hawaii standards for
~ater quality list specific levels for
coliform bacteria for each water classi-
fication. For Class AA coastal waters
 waters designated for oceanographic re-
search. shellfish and marinelife propa-
gation, coral reef and wilderness area
conservation, and esthetic enjoyment!,
there is a aedxan total coliforms limit
of 70 organisas/L00 al. For Class A
coastal waters  recreationaL uses and
esthetic enjoyaent! and tha fresh waters
Classes I  potable suppliesj and 2  all
other waters! there is a median limit on
total coliforsas of l000/LOO al. Fecal
coliforas should not exceed an arithae-
tic average of 200/100 al for Classes A
and 2 and 20/L00 al for Classes l in any
30-day period. For Class B coastal wa-
ters  small boat harbors, comcrcial,
shipping, and industrial use, bait fish-
ing, and esthetic enjoyment!, chere is
only a Iiait on fecal coliforas with an
arithmetic average of less than 400/l00
al during any 30-day period.

Project Bulletin No. 7

It was on the basis of these stand-
ards that both Xeehi Lagoon and Nanoa
Streaa were classified as polluted and
posted by the State Department of Health
in events much publicized by the local
news media two to three years ago.
Since sources of direct sewage dzs-
charge into these water bodies, particu-
larly Nanna Streaa have not been public-
ly identified, it is appropriate to exa-
aine the indicator bacteria relation-
ships for these waters to differentiate
between huaan waste contaaination and
that contamination that eight "natural-
ly" occur in a watershed. This is si>-
nificant for all »atershed areas in the
state, for if undeveloped areas show
levels of coliform densities in excess
of the State water Quality Standards,
then srme modification or changes should
be aade in the Standards or their en-
forceaent. It is also iaportant that
the effects of the waste ~ster treatment
plants discharge and non-point sources
of contaaination be distinguished for
coastal waters.

WRRC WAT ER SHED ST U DI ES

Several watersheds have been stud-
ied by the Water Resource" Research
Center since 1970 on a seasonal basis
co ascertain their water quality char-
acteristics in both wet and dry weacher
conditions. This work includes the
IIanoa, gapa 1aaa, and Kal ihi watershed
areas. Total coliform, fecal col i form,
and fecal streptococci densities were
obtained for all three watersheds. The
watersheds represent undeveloped resi-
dential, urbanized-industrialized, and
undeveloped -residential-industrialized,
drainage areas, respectively.

At all stations on Manoa Stream,
the state Standards for both total ano
fecal colifora densities were exceeded
in bath dry and wet weather conditions.
However, the range in FC:TC was 0.0l to
0.09 for dry ~esther and 0. 03 to 0.14
for wet weather conditions while the
range in FC:FS was O.L4 to 0.39 for dry
weather end 0.31 to l.06 far wet. weath-
er conditions. The physical and chem-
ical data for l4anoa Streaa were indica-
tive of an excellent quality, in rela-
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tion to The U.S. Public Health Service
Drinking Water Standards. The bact.e-
rial density relationships show that
the fecal organisms ate predominantly
of wild animal origin with a possible
contribution from some human source
during wet weather conditions.

Reported results of surveys of two
high-mountain watersheds in Montana show
a similar low density of coliforms and
streptococci in closed undeveloped re-
gions similar to Memos Valley. The
closed watershed actually yielded ~ater
with higher total and fecal coliform
counts than the watershed open to recre-
ational activities. The cause of this
was considered to be due to a. higher
wild animal population in the closed
area which is relatively free of human
a ct i v it y.

In gapalama Canal, bacterial den-
sities at all stations, over a one-year
study period, exceeded the state stand-
ards. Average FC=TC for the Canal was
0.25:I in Class 2 waters. The FC:FS re-
lationship varied from I.S:I in the up-
per reaches of Class 2 waters to 6.0-
9.0:I in lo~er reaches of Class 2 waters
to less than 0.5:1 in Class A waters.
These results give indications of defi-
nite human sewage contamination from
cesspools or sewers in th.e Class 2 water
upstream of the tidal barrier which is
located bet~can Class A and Class 2 wa-
ters. Downstream of the barrier, there
may be both a dilution effect and a nat-
ural die-off of the coliforms in the sa-
line ~aters leading to the alteration in
FC:FS ratio. Since the Canal waters
discharge into Honolulu Harbor and pro-
bably into the galihi ship channel they
may be a source of contamination for
Keehi Lagoon. The chemical data for the
Canal is of much poorer quality than
those for Manoa Stream.

Varied resultS Were Obtained fOr
Kalihi Stream, however, the total and
fecal coliform levels were again in ex-
cess if the state Standards on most
surveys. 'Ihe FC:TC relationship ranged
from 0.026 to less than 0.001 from the
forest reserve to the reach under tidal
influences. The FC:FS relationship had
a higher level of variability but was
less than 0.7 for 3 of 4 stations in

dry-weather conditions and ranged from
0.9 to L.4 in wet-weather conditions.
Thus, there is probably some fecal con-
tamination from cesspool overflows,
street washings or sewer mains under
high runoff conditions.

KANEOHE BAY 0 RA I NAGE BASIN S

A number of the streams in the Ka-
neohe Bay drainage basin were surveyed
in 1968-69 and the results show a simi-
lar pattern of excessive total coliform
levels, but with cC: FS relationships in-
dicative of extremely low orders of fe-
cal contamination and the latter of
mostly wild animal origin.

HEALTH DEPARTNIENT MONITORING

Indicator bacteria densities in
coastal waters are the subject of con-
tinuous and regular monitoring by the
State Health Department. Their results
have been compiled for ready access and
retrievability in a computer-based sys-
tem developed by Jackie Miller of the
Water Resources Research Center staff
However, the total results are too volu-
minous to revie~ in this brief document.
In areas that are under study in the
Quality of Coastal Waters project avail-
able data does show that coliform den-
sities are in general conformance with
the state Standards. At Sandy Beach,
for example, a.ll reported results since
1963 are less than the Class A standard
for that area. At Waikiki, a similar
situation exists with only 4.5 percent
of the 1285 individual samples between
1969 and 1971 having a MPN index greater
than 1000/100 ml. Coastal areas on Kau-
ai near the Kilauea and McBryde planta-
tions have simil.ar low coliform levels
Observations at 6 stations in the Ha-
waii-Kai Marina have yielded high densi-
ties at only two sites, but all results
are within the Class A levels for that
area. Corollary results obtained in the
Oahu Water Qual,ity program study between
June 1970 to February 197l show median
total coliform levels in coastal and
offshore waters in most areas around the
island to well within the state stand-
ards Median and maximum levels in ex-
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SUMMARY

cess of the Standards are generally re-
lated to high runoff and strean dis-
charge or obvious wastewater discharge
such as at the Sand island outfall.

Overall results obtained to date
fry watershed areas on Oahu indicate
that coliforn densities al.one are not
indicative of bacterial quality and
sources of contanination of surface wa-
ters. The fecal colifora/fecal strepto-

University of Hawaii
'lister Resources Research Center
2540 Dole Street'
Honolulu, Hawaii 96822
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coccus and, possibly, the fecal coli-
form/total coliforn relationship are di-
rect indicators of type and kind of fe-
cal pollution. Thus. their adoption as
indices for water quality standards
would provide a direct and i iate as-
sess~t of fecal contanination of non-
point sources of pollution and the dis-
tinction between the iepact of such
sources and that of direct waste dis-
charges into the coastal water environ-
nent.
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I/aste disposal practices in Hawaii,
as in most other locations of the U.S.,
in the pest have been mainly governed by
utilizing the most economically conven-
ient method of dispose.l--which in Ha-
waii, with relatively small land areas
surrounded by ocean, ~sans that regard-
less of method of disposal, the ocean
essentially serves as the ultimate sing
for most land generated wastes.

ln compliance with the Federal Wa-
ter Quality Act of 1965 Hawaii estab-
lished  Ll hater Quality Standards based
on receiving ~ster quality: �1 Deter-
mined the use and assigned water quality
criteria to be made for each given body
of wat.et"I and �! Established a plan to
achieve and maintain those criteria.

The standards that were establish-
ed and adopted in 1968 were very strin-
gent with the result that most treated
~aste water effluents will not eeet the
rigid established water qualitv re-
reiving standards. The discharger may,
however, apply for a variance or zone of
mixing, within a certain ares to allow
for assimilation of waste water if the
discharge has received the best practi-
cable treatment and if it does not un-
reasonably interfere with the actual use
of the water areas for vhich it is clas-
sified, go zones of mixing are permit-
ted in Class AA coastal waters.

From September 1968, when waste wa-
ter discharge applications wore first
solicited, until duly 1972, there have
been 186 waste discharge permits issued
by the State Department of Health' Sev-
eral more permit applications are pre-
sently under review. The nearly 200
present or pending waste discharge per-
mits include not only municipal dis-
charges but also 21 suga processing
plants, 3 pineapp!e canneries, oil re-
finerres, and S e!e. ric po~er produc-
ing pl " .< r ... forrr of these situa-

tions will be briefly reviewed herein:
Sand Island Outfall, Kaneohe Bay, Kmhe
power plant, and sugar mill wastes.
Send Island Outyell

The Sand Island Outfall presently
discharges approximately SS egd of un-
treated sewage through a 3600 ft ocean
outfall at a depth of approximmtely 40
ft. Besides domestic sewage the dis-
charge includes light industrial ~sate
water and wastes fran two pineapple cart-
neries. Exclusive of infiltration.
"hich is estimated to be over 40 per-
cent., the outfall discharges approxi-
mately one-half the domestic sewage gen-
erated on the island of Oahu.

The untreated sewage produces a
very distinctive and visible plume which
can be generally observed from aircraft,
boats, and at higher elevations in
Honolulu. There is general public
agreement that this condition which has
been in existence for nearly 30 years is
environmentally unsatisfactory and
should be eliminated as soon as possi-
ble,

investigation of the outfall plume
confirmed the conlecture that the re-
ceiving waters could not possibly ap-
proach its Class A c lassification under
State standards. Floatable material,
settleable solids, colirorms, and nutri-
ents are all exceeded. In a recent
study it was found that approximately
300 acres around the outfall were char-
acterized by lower diversity and densi-
ty of benthic organisms and that approx-
imately 3DD acres around the outfall
were characterized by lower diversity
and density of benthic organisms and
that approximately L , acres were charar-
terized a high level of settleab les with
corresponding high densities of typical
sludge organisms. Analyses of heavy
metals and pesticides in sediments in
the vicinity of the outfal' indicate a
dispersion of such materials in the di-
rection downwinri oi the prevailing
northeast. trades  away from llonolulu!.

Plans have been completed for a 85
mgd advanced pz'imary sewage treateent.
plant with provisions for expansion ro
106 mgd. The effluent is planned to be
discharged through an 84 in outfall
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line ~ 9000 ft in length, that terminates
im a 3350 ft diffuser which is located
in a water depth of 220 to 240 ft. A
3000 x 3400 ft tone of «iximg, extending
fram the ocean floor to the surface, has
already been granted far the fvture out-
fall.
Kaneohe l}ay

Kaneohe Say. located im the north-
eastern coast of Oahv, is 4 papular re-
creational area for boating . fishing,
snd vater contact sports. The entire
Bay of approximateiy 14 sq mi, vhich re-
ceives the drainage from a 21 sq mi
ares, is presently classified as Class
AA, except for tvo small harbor areas
that are Class S. Tho aquatic environ-
ment of Kaneohe Bay has been the subject
of considerable study primarily because
of the presence of the University of Ha-
vaii's--Hawaii lnstitvte of Marine Bio-
logy on Coconut Island  located within
Kaneohe Bay!.

Reported effects of water quality
during the last decade include coral
kill, disappearance of clams, overgrowth
of gi'een-bubble algae, and increases in
phosphorus and nitrogen in Bay vaters,
with a consequent increase in primary
productivity. Fecal coliform and nitro-
gen values exceed the water quality
standarrls near the outfall of the
Kaneohe sewage treatment plant. The Bay
also receives the discharge of Kaneohe
Marine Corps Ai r StatiOri Storage treat-
ment plant.

Plans are presently being formu-
lated to construct an interceptor sever
to conduct the tvo existing outfalls in-
to the Bay, im addition to collecting
two other nearby savage treatment plant
discharges, and transport them to deeper
waters beyond the imfluerice of the Bay.
Ko he E I e err ic POwer Plant Ther mOl WaSte
Water

The Kahn Paver Station, newest of
three Hawaiian Electric Compamy power
generating stations that serve the is-
land of Oahu, is located oa the leevard
coastline approxiaately four miles north
of Barbers Point. The three units in
aperaticm in 1970 supplied an estimated
36 percent of the total electrical po-
ver for Oahu's Hawaiian Electric system.
with this total expected to increase to
about 53 percent in 1973 A fourth uait
was put on Rime in July 1972.

Oceanweter is used for cooling wa-
ter at Kahe with both intake and dis-
charge points located at the shoreline,
separated by a distance of about 600 ft
with the intake lying north of the diS-
charge. The required cooling water flow
at Kahe is 7", MO gpm for the tvo older
units �964! and 74.000 gpm far the two
never ones �972!. The heat transfer
that results in the cooling process is
abour 370 nil lian Sturrhr vith s cooling
water temperature rise of about 10'F,

prior to construction of the Kabe
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plant an invest igati on of the marine
conditions found a seasonal variation in
ocean Surface teaperatures of free 76'F
im March to 82'F in September. with
about 20 F diurnal variatian, Under
normal trade wind conditions aT Kahe the
discharge plume i.s directed seaward arith
the surface temperature rise not expect-
ed to be greater than 1.5'F beyond 4
radius of 4000 ft from the discharge
structure vith all four units in opera-
tion. However, under severe southerlv
or southwesterly wind conditions due to
cyclonic storms bringing the piume
northward to the intake, the discharge
is recirculated with a temperature rise
of as much as 23'F above ambient.
SwgOr Mill Wastea

The technique of sugarcane harvest-
ing SinCe trorld tier I I haS tranafOrmed
fram hand harvesting methods to mechani-
Cal methOda. HeChanical methOdS inVOlve
burning the cane in the field, and the
use of aachinery that rakes the sugar-
cane into piles that are picked up by
cranes. Loaded onto trucks, arui hauled
ta the mill. Large voluaes of water are
needled for washing the cane. staste pro-
ducts, besides soi 1 particles vbich
aaount to approximately 5 percent of the
dty veight, include bagasse. the fibrous
residue left over from sugarcane pt'o-
cessing, and a small quent.ity of unpro-
cessed sugarcane stalks, Various stud-
ies have concluded that turbidity re-
suiting from soil and bagasse create the
greatest problem in ocean disposal.

Treatment efforts to alleviate
coastal waste disposal include bagasse
burning for electric power production,
hydrrtseparators, tube sertlers, and se-
dimentation basins to significantly re-
duce the waste water sediment load, in
addition to experiments with aechanica1
cane cutters and dry cane-cleaning meth-
ods .
Concluding Remor ks

The aforementioned situations re-
flect point source discharges and their
efforts on coastal waters, train factors
in coastal vater quality that have re-
ceived little attention are non-point
sources of pollution resulting mainly
fram urban and agricultural runoff which
ran only be effectively controlled by
land use regulations as opposed to re-
ceiving water quality standards. Hawaii
was the first state �96l! to apply
statevide lanri oning to all State
lands. The original intent of the ton-
ing however, was not necessarily for
coastal vater qualiry protection, but
the relationship of Land use to coastal
water quality aust be delineated for ef-
fective environmental management. The
Ouaiity of Coastal Waters project repre-
sent the first such coordinated effort
to establish the effects of land use
praCtite on COaStal vater quality in the
State of Hawaii.
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One of the program objectives for
the Hawaii State Water Strategy for 1974
is to revise the present Water Quality
Standards to a more realistic set of
standards in view of recent data ob-
tained on the background conditions of
coastal waters. Since the adoption of
the current standards in 196B, many in-
consistencies have been pointed out
where the existing quality of natural
waters could not meet the standards.
However, nutrient levels for fresh
waters were omitted from the original
standards and little concern was given
to phosphorus and nitrogen levels in Ha-
' aiian streams,

With the enactment of the Federal
Water Pollution Control Act Amendments
of 19. 2  PL 92- 500!, guidelines for de-
teloping or revising water quality
standards were established. Phosphorus
limitations were specified for surface
waters under the general water quality
criteria and in a subsequent memorandum
to regional administrators explaining
the position of EPA on phosphorus and
eutrophication.

Under the provisions of  Sections
46-13 and 46-16, Revised Laws of Hawaii,
1955! Chapter 342, Hawaii Revised Stat-
utes, and the Federal 'Water Pollution
Control Act Amendments, 1972
 PL 92-500!, Chapter 37-A of the Public
Health Regulations is to be amended to
be consistent with the new Federal re-

L.S. lau, Principal Investigator
quirements and to include the necessary
changes as recoaaaended by the EPA.

A proposed draft of amendments by
the Department of Health to the Water
Quality Standards, Public Health Regula-
tions Chapter 37-A, contains a proposed
standard of 0.050 mg/1 for total phos-
phorus in waters of Classes 1 and 2, the
waters of streams, lakes and reservoirs
 subsec. 6 b.3, p. 21!. lt also con-
tains a proposed requirement that the
natural ratio of nitrate-nitrogen to
phosphate-phosphorus be maintained in
waters of the same classes. The infor-
mation presented here is to illustrate
that neither of these proposed standards
is suitable for fresh surface waters in
Hawaii.

PHOSPHORUS CONCENTRATION
The proposed numerical standard for

the concentration of total phosphorus
appears to be based on guidelines issued
by the Enviroruaental Protection Agency
 Guidelines for Developing or Revising
Water Quality Standards, 1973!. How-
ever, it is inappropriate for Hawaiian
streams generally because �! it is ex-
ceeded in nature, and �! the usual con-
cerns with high nutrient levels are gen-
erally inapplicable in Hawaii. The EPA
guidelines actually suggest two signifi-
cant levels of total phosphorus in fresh
~aters; 0.050 mg/1 to prevent eutrophi-
cation in lakes and 0, 100 mg/1 to pre-
vent nuisance plant growth in streams.
However, no Hawaiian streams enter
lakes, and although the low water flows
of many streams are directed into reser-
voirs'~ the flood flows of all streams
and the low water flows of many directly
reach coastal ~aters, in which, for the
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most part, dispersal is very effective.
Hawaiian streams are characteristically
steep and fast flo~ing, particularly
during wet ~cather when phosphorus con-
centrations are highest, and plants
cause very little nuisance because of
liraited growth due to the high velocity
flow,

Ching �972! studied the water
quality of Manas Stream which drains a
basin of 4200 acres consisting of for-
ested and residential areas with very
light commercial activities. During dry
weather conditions the mean phosphorus
concentration of 5 sampling stations was
0.101 mg/1 with a mean wet weather con-
centration of 0.196 mg/1 with values
ranging from D. 175 to 0.204 mg/1. These
values are 3 to 4 times higher than the
suggested stanrlard of 0.050 mg/l.

Kalihi Stream drains a basin of 6.7
square miles consisting of forest re-
serve watershed, residential and conaer-
cial and light industrial area. During
1970 end 1971 a study by a consortium
consisting of Engineering Science, Inc.,
Sunn, Low, Tom and Hara, Inc. end Dil-
lingham Envirotusenta! Co. �972!, work-
ing, on the Oahu Water Quality Program
for the City and County of Honolulu,
found total phosphorus to range from
0.022 to 0.030 mg/l. A more recent
study by Matsushita �973! found the
mean total phosphorus concentration dry
weather flow to be 0.18 mg/1 with a
range of 0.11 to 0.34 mg/1 and during
wet weather the mean concentration to be
0,26 mg/1 with a range of 0.03 and 0.27
mg/l. From a subbasin of an undeveloped
 forest reserve! area of 354 acres, the
dry weather flow was found to have a
mean total phosphorus concentration of
0.11 mg/l.

A ~ater quality study of Kaneohe
Basin streams by Young, et al. l969! at
eleven sampling stations showed that the
maximum phosphorus cancentration oc-
curred during the rainy winter months of
December and January with a mean value
of 0.267 mg/1 and a range of 0.096 to
0 724 mg/1 as P. A total of 9 streams
were studied in this survey.

Four streams entering Pearl Harbor
were studied by the Water Resources Re-
search Center  Tenoria, Young, and
Whitehead, 1969!. Samples taken over a

project Bulletin No. 9

3-year period resulted in the following
mean concentrations of POa-P.

Waiawa Stream w 0.598 mg/1;
Waimalu Stream ~ 0 048 mg/1;
Waikele Stream = 0.345 mg/1;
Kelauao Stream = 0.095 mg/l.

Thus fresh water streams should be
exempted fram the EPA criteria because
of two factors listed in the «emo to re-
gional administrators regarding phospho-
rus in the guidelines  April 1973] .  I!
The streams of Hawaii contain naturally
occurring phosphorus exceeding the 100
trg/I limit, �! The steep banks, high
velocity flows, and high and natural
concentrations of silt constitute natu-
ral conditions in Hawaiian streams lim-
iting plant growth nuisances.

These factors would fit into the
EPA's two criteria allowing exceptions

1. GENERAL GUIDANCE' "Some
tare, because o f' natura lly occurring
poor quality, rrsrn-made po l l ut ion or
technological Limitations may quali fy
for an ezeepted classification. This de-
tetwrination, hoarerrer, must be made on a
case-by-case basis folloaring an analysis
of each such area. The analysis should
be based ort presently available info'«ra-
tt'on and sruat contain sufficient data to
support the request for exception based
ort natural condition af the arater or on
technological limitations prohibi ting

rorrement of axtter quality to the de-
gree necessary... "

2. UNIQUE PHOSPHORUS SITUAT10N:
"An emception rrxty be granted if' natural
phemOrnena Or COnditions aXnr Zd be ex-
pected to limit bio logical p lant rtui-
eancee. Rcamples arould inc tude those
amrter a highly laden arith na~l silts
or colors arhers less than 1 percent of'
the incidtmt light arould penetrate be-
yond depths of 0.5 meter during at least
SO percent o f tha groaring season or
those araters arhose morphometric features

steep banks, great depth, and sub-
stantial floats and ~ng contribute to
a history of no aquatic point problems
or those lakes in arhich the voturrre of'
aeter beneath ths tharrrerc line races ada
that of the axtter aborts the thermr!cline,
or those aratere that are managed prirmrr
ily for aatterfcarl of other arildlife..."
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ATONIC RATIO OF NOs-N TO POi-P IN PEARL HARBOR STREAHS  TENORID. et a7., T9693.

STREAMS

MArreLUKA LAUAOHA IKE LE'HA I AHADATE

9. 55

8. 00 2.9451. 07

4. 71

30. 64

35. 75

3-18
27. 04

18.26

21. 07

5. 75

8. 34

5. 02

21. 54

!.414. 16

5. 04

37. 61

45-06

51. 43

5.81
53-62

214.5
5 ' 15

8. 93
10.21

1.06
0. 427. 804. 20

ATTIC RATIO OF NO -N TO PO -P IN KAHAN STREAN  QCM PROJECT DATA, UNPUBLISHED!.

KANAKA

22.04

168-04

10.21

DATEDATE

05-14-72

07-17-72

10-31-72

12-20-72

01-17-73

02-28 � 73

04-24-73

06-20-73

4 ~ 33

18 ~ 59

4.42
1-615. 04

NITROGEN TO PHOSPHORUS RATIO
The atoaic ratio of NOs-N to PO~-P

in natural streans can be a fairly con-
stant value or it can vary fromm one to
two orders of eagnitude. The variations
nay result fron change in biological up-
take, which in turn is dependent upon
temperature, anount of solar radiation,
stress flow, and turbidity. They nay
also result fron changes in phosphorus
concentration associated with changes in
physical-chenical factors such as alka-
linity, hardness, pH, and sedinent con-
centration. The following tables show
that the ratio varies greatly not only

08-17-67

10- 03- 67

11-21-67

11-26-67

02-20-68

04-04-68

06-27-68

08-27-68

11-04-68

01-31-69

03-13-69

in four streaas that discharge into
Pearl Harbor but also in Kahana Strean
which drains an undeveloped area on
Hindward Oahu.

The variation in the ratio even in
natural conditions confirms the inade-
quacy, already pointed out by the Envi-
ronnental Center  Cox, 197$!, of allow-
ing no change in the ratio of NOs-N to
PO>-P fron natural conditions. It also
indicates that no absolute ratio can be
set as a standard, especially when this
ratio can vary a hundredfold or mre as
shown by the Kahana Strean data.

5. 97

6-34

7-52

9.20

6. 96

4-97
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influence of Undeveloped Land
Kahana Bay was selected for study

as a coastal water area under the influ-
ence of relatively undeveloped land.
hand contribution of nutrients to the
bay via Kahana Strean and all nonpoint.
routes was found to be snail despite the
perennial nature of the surface and sub-
surface discharges. Ho~ever, the nitro-
gen and phosphorus levels neasured for
Kahana Bay waters exceeded the levels
allowed under its state Class AA water
classification. ln the contiguous open
ocean water the nitrogen and phosphorus
levels also exceeded the Class AA stand-
ards. Coliforn organise concentrations
aw.t the Class A rather than Glass AA
standards. Thus, the Kahena Bay water
quality tends to satisfy the Class A
standard rather than the Class AA stand-
ard.

Heavy netals, especially lead, cop-
per, zinc, chroniun, and nickel appeared
consistently and in a generally coepara-
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OBJECTlVES OF PRNECT
This report sunnarites the results

of the second year of investigative and
evaluative work of the University of Ha-
waii's Sea Grant prograa proj ect. "Qual-
ity of Coastal Waters. " The general ob-
jectives of this nultidisciplinary proj-
ect are to identify, develop, and evalu-
ate the critical physical, biological,
and rational parajaeters needed in fomm-
lating effective policies, institutions,
and systens for protecting the quality
of coastal waters in Hawaii. Specific
obj ectives are: to show the relation-
ship between water quality standards and
the quality of associated ecological en-
vironments; to assess the use of biota
response in coastal waters as a deterni-
nant of control neasures for protecting
narine resources; to investigate the
nechanisn and significance of buildup of
heavy netals and pesticides in sedi-
mentss; to recoasend the neasures and in-
stitutional changes to protect coastal
waters; to assess the social., econonic,
and political ijapacts of such recamen-
dations; and to provide an infornational
and educational service to all sectors
of the cc~tity.

L.S. Lan, Princi l Invetti ator

year consisted principally of fiekd and
laboratory studies of coastal waters in-
itiated in the first project year bu!
with increased enphas is on biota and
sedinent.with work concentrated as fol-
lows: enlarging the scope of study for
the Hawaii Kai and Kahana areas and re-
ducing the scope of study for the Kilau-
ea and McBryde areas on Kauai; coeplet-
ing cooperative studies for Waikiki
Beach, Kai lua Bay, and Hokapu Outfall
site; and terninating the observations
for Sandy Beach. Assist, ance was render-
ed to the State Department of Health in
the revision and updating of the State
Water Quality Standards.
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ble range  a few to a few hundred ppm'!
in the bay sediments, stream sediments,
and watershed soils. The ubiquitous na-
ture of their presence has been found to
depend on the parent geologic Formations
from which the soils and sediment are
derived. However, mercury and cadmium
were only occasional ly detected in the
sediments and when detected. occurred at
only a fraction of or a few parts per
million. DN' was detected in the range
of a few parts per tr.illion in the Kaha-
na Bay sediment together with only peri-
odically detected and very low levels of
dieldrin, DDE ~ e and y ch 1ordane ln
the Kahana Bay water both heavy metals
and DDT were detected but only at levels
similar to open ocean ~ater, i. e., a
fraction of, or a few parts per billion
for the heavy metals, and only a few
parts per trillion range for DDT.

?nfluence of Urbanized Land
The project's approach to studying

the effects of urban land development is
fractionalized, i.e., selection of sin-
gle predominant type of urbanization of
land to reveal the cause-effect rela-
tion. Recreational use of coastal land
and water in Waikiki and domestic urban
use of water and the abutting land in
Hawaii Kai Marina and east hiaunalua Bay
furnish such situations. Domestic sew-
age is collected and removed from the
areas.

Investtgative results for the Ha-
wai.i Kai area and Naunaiua Bay showed a
general trend of improvement in water
qual i.ty from the marina to the near-
ocean bay ~aters. Nitrogen levels in

'Quality parameters in ~ater are report-
ed on ~eight per volume basis in the
main report but For convenience on
~eight ratio basis in this suaaaary:

milligram per liter parts per million
microgram per liter-parts per billion
nanogram per lite~arts per trillion

Quality parameters in sediment are re-
ported on weight ratio basis:

sil ligram per ki logranvq>arts per mil-
lion

microgram per kilogram~arts per bil-
lion

nanogras per kiiogram~rts per tril-
lion

Project Bulletin halo. 10

the bay and only the near-ocean station
were within the Class A state standard
by which the ~ater bodies are classified
but phosphorus levels exceeded the
standard elsewhere. AI I heavy metals
were consistently present in the coastal
sediments in the parts per mil lion lev-
el. The levels of the ubiquitous pesti-
cides analyzed, DDT, dieldrin, and PCP,
 the latter is used primarily for ter-
mite control in house construction!,
were at least. one order of magnitude
higher than in the Kahana Bay sediments,
thus reflecting intensive urban acts.i-
ties associated wi th a relativelv ne
and growing residential development,

In the Hawaii Kai Marina and coast-
al ~aters, heavy metals were detected in
the usual minimal parts per billion I e-
el as in open ocean water and DDT,
dieldrin and PCP were in the usual parts
per trillion range. A turbtd water
plume in the Maunalua Bay was occasion-
ally identified and apparently was re-
lated to currents and roiling bottom
sediments rather than any liquid dis-
charge. A biota study of the bay waters
was completed and detailed.

Limited water quality data obtatned
for the Mamala Bay ~aters of Waikikt
support of a conjuctive study by Chave
for the Corps of Engineers and coliform
monitoring by the Department of Health
are reported. In general the data sat-
isfied state requirements for Class A
waters except for phosphorus. Coral
bundance was generally less toward Dta-
mond Head than toward Ala Wai Canal,
which is the only major drainage canal
intercepting the surface runof'f from the
valleys and discharging into Waikik'
coastal ~aters . From the findings,
there is little evidence which would at-
tribute any specific ~ater quality ef-
fect solely to the presence of intense
recreational activity at Waikiki.

Sandy Beach represents a rather
complex situation: the open ocean coas;
beach being popular, the land use chang-
ing fros rural and undeveloped to resi-
dential urban development, and above
all, the coastal water receiving treated
domestic effluent. The Project study
was dovetailed to ccsaplesaent the studies
undertaken by the consulting fire oi
Sunn, Low, Tom, and }lara, and the rou-
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tine monitoring by the State Health De-
partment. Results for the project area
showed clear shoreline water similar to
Waikiki but with higher nutrients than
Kahana Bay water and the state Class A
standard levels. However, the study by
the consulting engineers of the offshore
condition adjacent to the Hawaii Xai
sewer outfall substantiated the supposi-
tion that there is little significant
detriment to the coastal water and ben-
thos from the discharge of treated
wastewater off Sandy Beach.

A baseline survey of benthic biota,
particularly coral and micromoilusc a-
bundance and diversity, and fish was
performed for Kai lua Bay, the proposed
Mokapu outfall site, and the existing
Kailua sewer outfall. While the great-
est abundance and specific diversity of
the fish were not near the outfall, the
highest standing crop of micromolluscs
is near the outfall- The occurrence of
micromolluscs is comparable with the
patterns in other areas of similar depth
and substrate.

Influence of Sugarcane Culture And
Milling

Nonpoint discharge studies of sug-
arcane production and milling ~astes
were continued but at a reduced scale on
Kauai Observations, of mill waste dis-
charge and coastal water, sediments, and
biota were made both before and after
the 90-year old Kilauea Sugar Company
closed down its operations in north Ka-
uai in 1971. Untreated mill ~astes were
found to be the major contributing fac-
tor to the prcsencc of col,iforms, sedi-
ments, trash, and bagasse, The effect
was largely an extensive visible plume
in the coastal waters and debris in both
the water and on the beach. Sediments,
rather than water, harbored most of the
nutrients, heavy metals, and pestici.des
in the ocean. DIyI', although not used by
the sugarcane industry, was present in
small amounts in all wastes and sedi-
ments. Herbicides used in sugarcane
culture did nor. appear in coastal wa-
ters. A striking aesthetic improvement
of the coastal water and the beach
quickly followed the cessation of mill
waste discharge. Coastal ~ater quali-
ties continued to improve. phosphorus

decreased to better than Class AA wa-
ters, DDT and PCP were detectable only
at parts per trillion level. The rapid
improvement is attributed to both the
cessation of mill waste discharge and
the heavy sea, Beach and ocean sedi-
ments continue to harbor about the same
decreased amount of nutrients. Fish
have reappeared rapidly since 1973. Vo
apparent changes in micromolluscs have
been observed since rhe cessation of
mill operation. Tentative conclusions
of the continued Kilauea investigative
studies are; no evidence of eutrophica-
tiont in coastal water, adverse effects
of discharge mostly transitory, and epi-
benthic' comenmities more influenced by
waves, currents, and coastal topography
than by mill waste discharge.

Studies were continued in south Ka-
uai to assess the effect of changed op-
erational practices by the McBryde Sugar
Company subsequent to an EPA survey of
coastal waters of the area in 1968,
Company practices demonstrate that it is
possible to operate milling operations
without discharge to the ocean, and to
prevent irrigation tailwater overflows
except flooding due to intense rainfall.
At the time of reporting, the coastal
water of Wahiawa Bay showed an anoma-
lously high nitrogen content while no
pesticide residues were found in the
offshore water except for the one to tro
parts per trillion DDT which seems to be
present everywhere.

EVALUATIVE SUSV$tIES
Evaluative summaries were detailed

for several key quality parameters in
water and sediment. Heavy metals were
ubiquitous and in parts per million
range in coastal sediment in Hawaii.
This suggests that if standards for the
level of heavy ~etals in dredge spoil
were to be set, care should be taken not
to fix unrealistic levels that cannot
possibly be attained, In the coastal
waters, heavy metals also occur but only
in the parts per billion range, a level

Eutrophication: increased algal pro-
duction due to excess nutrients

sEpibenthic c~ity: plants and ani-
mals living on sea bottom between
low tide level and 100 fathoms
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quite ccmparable to the level in ocean
water. Conjuctive studies of mercury
uptake in an aquatic food chain fry the
eater and sediment were continued and
detailed.

Of the insecticides, the presence
of DDT in sediments is ubiquitous. In
Naunalua Say and Hawaii Kai sediments,
dieldrin, cs and T chlordane are found
frequently and with highest concentra-
tion in the low parts per billion range.
Their occurrence may be attributed to
prior and current continuous use of
these chemicals in the abutting land
area and the poor sediment circulation
within the Hawaii Kai Marina. In coast-
al waters insecticides rare generally
undetectable or at only a few parts per
trillion. PCP, like DDT, seems to occur

ubiquitously.
Herbicide residues in Ifest Loch of

Pearl Harbor and Kaiaka Bay were stud-
ied. Atrazine and ametryne do not ap-
pear to be a problem, however, because
of its persistence in soils, diuron can
be found in coastal sediments because e-
roded agricultural soils are transported
vith storm runoff.

Kahana Bay water contains about the
lowest amounts of nutrients in coastal
vaters. The state standards for nitro-
gen and phosphorus were exceeded in all
areas except for Kilauea, in the case of
nitrogen, and HcSryde, in the case of
phosphorus.

The use of micromolluscs as an in-
dicator organism vas reported with a
differentiation noted in species bet~eau
coastal areas affected primarily by
silting compared to areas affected pri-
marily by nutrient input. In the former
situation Ktizm sssbnae becomes the ma-
jor fauna component and standing crops
and diversity values are conspicuously
depressed. In the latter case, the csa-
amity changes towards dsminsnce by sus-

pension feeding f orms rhich depend on
primary productivity of the water col-
ms. Also associated strongly rith
silted reef flats is obtorM pupotdass.
The response of an ecosystem to land-
generated effects are changes in struc-
ture from a grazing herbivore environ-
ment with associated frondose algae to
either a rubble associated ecosystem
wi.th fe«species or to a eutrophics state
vith many suspension feeders and lov di-
versity.

The principal changes in institu-
tional arrangements noted in the project
year are those resulting fraa the pas-
sage of the Federal Inter pollution Con-
trol Act Amendments PL 92-500. The ef-
fects of this legislation will be far-
reaching and result in changes which in-
clude: nev discharge permit require-
ments, reporting of operating and moni-
toring results for wastevater treatment
facilities, a minimum requirement level
of secondary treatment for municipal
wastewaters, and industrial waste treat-
ment effluent guidelines. The full im-
pact of these and other changes is not
yet apparent although some delays have
incurred in regulatory actions and at-
tempts to implement legislation.

"Bs ttisas antrum: micromollusc speciesof
the Cerithiidae family

Primary productivity: Photosynthetic
snd chemosynthetic conversion of
solar energy to organic substances
by producer organisms  primarily
green p1ants! to be used as food
materials

Qbtar&o pupazdee: Mollusc species of
the Diastomidae family

Herbivore: organism eating living
plants

Frondose algae: algae with leaf struc-
tures

Eutrophic: rich in plant nutrients
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U.S. DE P ART M E NT 0 F COMM E RC E

NATIONAL OCEANIC ANO ATIVIQSI'HERIC AOMINISTRAYION
EN V I RDNME N TA I. DATA SERVICE

DhTh SHEET � DULY VALUES

sIseIon, .NOAH'S [Beagmontg  state Key No. 712. 1! Elevation 650 ft

* Sampling day. 7 Trace.

NOAA Frrr~> 79 I
I3 111

Precipitation -- Time of Observation: 8 a.m.
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U.S. DEPARTMENT OF COMMERCE

DATA SHEET � DAILY VALUES

s<adan. M4AOA .COeaWNJlt3.  state .jley NO. 722. 2f Elevation 650 ft

ampling day.

NOAA Form 79 I
� 	I

NATlONAL OCEANIC ANO ATIIIIOSPHERIC ADMlNISTRATION
F NV I llDNhtENTAL DATA SE. 8 VICE
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U.S. DEVARTVENT OF CO/i1MEftCE

NATIONAL OCEANIC AND ATIHOSPlIL1RIC AM1INISTHATION
FNVIRONMI:.NTA' I1ATA SLRVICE

1-.' l !:1 '1 1 Or. i 1 J 1
13 71!

DATA SHFKT � DMLY' VALUE

sI>1Io~, UiLiVeraity ef.'Haggai.i,.  $tate. L'ay Ao..713} Elevation 80 ft
Precipitation

* Sampling day. No data recorded since last rainfall. 5 Trace.
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r- 3AA 7 or ii 7.'I 1
I3 71I

* Sampling day

U.S. l3EPAhTV,FNT OF COMiVEB ,F

NATIONAL OCEANIC Afsio ATVORP' IATRIC Af>7iINISTi<ATION
F N V IAGf 'Mf. N I A!  lh f A Sf f r' ICf

DATA SH F KT � DALLY V ALUM~

Manoa Tunnel  State Key No. 716/ Elevation 6SG ft

D�, Pre~imitation
'gin i~nclics



257

U.S. DEPARTMENT OF COMMERCE

NATIONAL OCEAf4IC AtIO ATh5OSPHE R IC AOIIelhfISTR ATIGN
EHVIRONfffENTAL DATA St R VICt

NOAA f pram 79
I3 Tll

A Sampling day. $ Trace.

DhTA SHEET � DAlLY VALUES

scathe Waikikj, .Spell  Stat'e Key No. 7l7,2j E/evation l0 ft
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NATIONAL OCEANIC ANQ ATMOSPHERIC ADMINISTRATION
ENY IRDNIvIEIvTA L DATA sE RvI Ce

DATA SHEET � DAILY VALUES

st<ttoa, Waikiki Shell  State Key No. 717.2! Elevation 10 ft

* Sampling day. f Trace.

NOAA Fornax 79 I
� 1I!

U.S. DEPARTMENT OF COMh/lERCE

DIea PXeaigitatieO --. Time Of OVSerVktiQn: 8 a m.
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U.S, DEPARTMENT OF COMIVIERCE
NATIONAL OCEANIC ANO ATlhOSPHE IIIC AOMIHISTR ATION

EN V IRONMENTA! 0 ATA SERVICE
N OAA F Or<>v 79- 1

I5- 71 I

* Sampling day. No data recorded since last rainfall.*

DhTh SHEET � DhILY VhLUES

Sraaos. Payola Valley give Key .NO.. 718! ELeva&on 99S ft

Precipitation
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NOAA t.or ri Tu I
I3 7II

DATA SHKKT � DAlLY VALUES

alolo Valley [State Xey Nos ?18! Elevation 995 ft

P ycipitatipn

I9 73 I a a a aaa 9 alaaaaalaaaak

8

1.86

0 78

0 SR

14

15.

21

22

24

2 >.

H7

2! I

30

31

Sums,

Hears

* Saurpling day.

ill

17

1B

19

0. 04

0. 34

0.52

0.02

0.30

U.S. DEPARTMENT OF COMIVIERCE

NATIONAI. OCEANIc ANO ATNIOSIaHEHIC Aoh/IIMISTRAT1ON
F N v I IeQN aaE NTA L oATA SE R v I CF
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DATA SHKET � DAILY VALUKS

s~oIA, Paiko Uuve .  Stet;e Ja No.. 72$..4j. p/gyration 10 ft

* Sampling day.

NOAA Form 79-1
�-Tll

U.S. OEPARTMENT OF COMMERCE

NATIONAI. OCEANIC ANO AThlIOSPHERIC AOMINISTRATIOlV
E N v I FI 0 NFrI 6 FI TA L 0 A T A S E II v I Ct



262

U.S. OEPARTIVIENT OF COMMERCE

DATA SHEET � DAILY VALUES

s~noe, Poztlock Bmd l5fAge .Key .Np. 774,4!. E evation 6 ft

Sanpling day. No data recorded since last rainfall. 7 Trace.t

NOAA F vi ~ 1'~ 1
  J- 7 t I

NATIONAL OCEANIC ANO ATINOSPHE RIG AOMINlsT RAT ION
EN v1AONlAENTAL OATA SE IlVIC8

Oa~ Pracipitatipn -- Time p f Qbgegyatipn: 5 g.m.
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U.S. PEPARTMENT OF COhhMERCF
NATIOHAI. OCEAIEIC ANO ATMosPHERlc AoMINIsTRATIDN

E N V I ROGUE N TAI. OA T A SERVICE
NOAA kv» l9 I

l3 71'

DATA SHKKT � DhfLY VALURS

steIlon, j pxt:lpck. Baal... �tete Keg Hp,. 774,.4! .5levatioII 6 ft

* SamIpling day. NO data reCOrded SinCe laSt rainfall. k TraCe.
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U.S. DEPARTMENT OF COMMERCE

NATIONAI. OCEANIC AND ATNIGSPIIERIC ADNIINISTRATIGN
E NVI AONIVIENTAL D41'4 SERVICE

NQAA F Orni 79 I
13 IT'I

* Sampling day. I Trace.

DATA SHKET � DhlLY VALUES

sI tI a. Kaalakei . LSr~ee Key ao. 734.6!. gleya~j,pn 10 ft
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U.S. OEPARTMENE OF COMMERCE

DATA SHEET � DMLY VALUKS

s~~4n. Hawaii. Xai..{Kii.PLa<ej . 4SXafe Keg bio . 224.1l! Elevation l00 ft

* Sampling day. I- Trace.

NOAA f ore> 79-1
13 11!

hlATIONAL OCEANIC ANO ATMOSPHERIC ADMINISTRATION
E HV 1 RORlff EN TA I DATA SE 8 VICE



36b

U.S, DEPARTMENT pF CpM1EII1ERCE
4ATIONAL DO f ANIL AND +TMOSI>'HE RIG ADMINISTRATION

ENVIRONMENTAL DATA SE Fl V lCE
NOAA f. or ~ 79 I

�-7> I

DhTh SHEKT � Mggy yhL~
------. S.XIL.'1;CI.Kgy 'g~ 724 ly!

I9 73 J~ Iw

~ >

0. >0

EI!

0

14

Q.og

0. 06

0 03321

0.3.022

0.LZ

,100 Q. lQ

2 >

0. 030

r>7

0. l12

0' 0,45

SulTIa

Meany

* S>IIIpling day.

12

18

2S

2I}

.Q..or

0

ll 04

.0 A8

Q. 07

Q. 85

0. ZQ

- >'~«+< --. Tine aX. Ob>ezyaeiaEE;
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U.S. DEPARTMENT OF COMMERCE

NATIoNAL OCEANIC ANO ATMOSPHERIc AQMINIsTRATloN
E N V I RONME N TA I. OA TA SE 8 V I CE

PPO44 P i> rv 19 I
<3- 71!

DATA SHEKT � DAlLY VALUES

st «o~.. Kahana... {5tate Key. Na..8453....R3<vatioa.soo ft-

' ~kipling day No data recorded since last rainfall.
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U.S. DEPARTMENT OF COMMERCE

NATIONAL OCEANIC Ahko ArMOSPHERIC AOIVIINISTRATION
EhlV I RONMENTAL DATA SE RV'CE

NOAE Foetn 79 I
I3 7'll

DATh SHKET � Dh1LY VALUKS

stnaon, .Kahana....  State 5ey Qo...68.$! Kleyatioz..800 ft

Precipitation
'Q

saIIIpling day. No data recorded since last rainfall.I
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U.S. DEPARTMENT OF COMIVIERCE

NATIONAL OCEANIC AND AThtlOSP I IE 8 IC ADIitl IIV IST8 ATION
ERVlRONitlENTAL DATA SERVICE

K !AA iara f91
� 71!

Sampling day.

DATA SHEKT � DAILY VALUZS

stztlaa, . Kilauea  state Key No. 1134! Elevation $15 ft

Precipitation
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r i'i r ~ i ~ ~ T91
I.r 7 I I

DA fA SHEKT � DA1LY VALUES
NcpeQ'92, Kl 1 auea  State Key Ho . 1 1 34 ! El evat ion 315 f t

197 2

3

11'

2'2

2'1

l.l i ~ r. T

SamPliTTg day.

13.

1 Il.

u.s. oEl >sr rr,:El<] OF CalvlMEllcE
N*T<DTIhL OCTAIIIIC ADMIT AT CIOSPHt=. R/C O'LIP'IINISTHAT1ON

T RV I TrGNrrrif IM T Ar ['IATA SI 8 vI�1
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DATA SHEET � DALLY VALUZS

S�,I» Kilauea  State Key NO. 1134! Eleyatipn 31S ft

* Sarapling Iiay

C,34;L i n 7' 1
I3 7 II

U.S. DEPAfiTIV.EPJT OF COMMERCE

hfATIO'hIAL OCEANIC AND ATMOSPHERIC AOIUIINISTRATION
f 'N V I R 0 B M! 4 T A I 0 A TA S E R V I C E
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APPENDIX E

Conversion of Units

English Unit Multiplier Metric Unit

CONCENTRATION: LI @ID MEGIUM

ppm  parts per million! equiv. to milligram per liter at 4'C
ppb  par'ts per billion! equiv. to microgram per liter at 4'C
ppt  parts per trillion! equiv. to nanogram per liter at 4 C

CONCENTRATION: SOI IDS

ppm  partS per milliOn! equiV. tO milligraIa per kilagram
ppb  parts per billion! equiv. to microgram per kilogram
ppt  parts per trillion! equiv. to nanogram per kilogram

acre
acre-ft
Cu ft/min, Cfra
cu ft/sec, cfs
cu ft
cu ft
cu in.
cu yd
oF

fathom

ft

gal
gal
gpd/acre
gpd/ft
gpm
inch, in.
ln.
in.
lb
lb/acre
lb/day/acre
mgd
mgd/acre
mile

pcf
psf
pS1
sQ mi
sq ft
sq in.
tons  short!
tons  short!
ton/acre

0 ' 405

I, 233.5
0 ' 028

1 ~ 7
0 ' 028

28 ' 32
16.39

0 ' 75
0.555   F-32!
1.8
0 ' 3048
0.003785
3.785

0.00935
0 F 0124
0 ' 0631

25 ' 40
2 ~ 54
0 ' 0254
0 ' 454
1.121

11.2
3785
9360

1.609
16.02

4.88
0.0703
2 ' 590
0 ' 0929
6.452

907
0.907

2 ' 242

hectare, ha
cu meter, cu m
cu m/rain, ms/min
cu m/min, IIIs/min
cu m

liter, 4
cu cia

'Celcius, C
meter, m

cu m
e
cu ra/day/ha
cu m/day/m
liter/sec
milliraeter, mm
centimeter, cm

kilogram, kg
kg/ha
kg/day/ha
cu m/day
cu m/day/ha
km

kg/cu m
kg/sq m
kg/sq cm
sq km
sq m
sQ cm

kg
metric tons
ton/ha


