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ABSTRACT 

A field study was made between September 1972 to May 1973 to assess 

the water quality changes in Waiawa and Waimano Streams, particularly the 

effect of chlorinated effluent from the Pacific Palisades Sewage Treatment 

Plant on the receiving stream waters. Some changes were very apparent, 

especially those of an aesthetic nature, the visible change in the color 

and turbidity of the water and the sulfurous odor of septic sewage. These 

obvious changes were indications of changes in water quality which could 

only be determined in the laboratory by chemical analysis. 

The actual degree of change in stream quality and amount of recovery 

cannot be determined until Palisades treatment plant ceases operation, and 

sewage effluent is no longer discharged into the stream. 

Waiawa Stream is an intermittent stream with a large drainage area. 

The developed areas within the Waiawa basin represent 20-25 percent of the 

total drainage area, but the sewage flow from one such developed area, 

Pacific Palisades, is the source of perennial flow for the lower section of 

Waiawa Stream. However, even with the large drainage area and intermittent 

streamflow, self-purification takes place in the short distance from the 

point of sewage effluent discharge to Pearl Harbor. 
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INTRODUCTION 

Discharging raw sewage or treated sewage effluent into a nearby stream 

is a time-tested convenient method of waste disposal. However, many prob

lems are created by this continuing practice with respect to aesthetics 

malodor, and situations of sanitary significance and public health. There 

is also' the legal aspect to consider in light of public concern of the 

environment and resulting pollution control legislation, such as the 

Federal Water Quality Act of 1965. 

In some situations, there is no other feasible method for the dispo

sal of sewage due to location, economics, or both, than discharge into a 

stream. Such a case exists at the Pacific Palisades Sewage Treatment 

Plant, located above Pearl City, Oahu, Hawaii (Figs. 1 and 2). 

The plant commenced operations on January 12, 1962 and treats an 

average of 0.69 million gallons per day, mgd (2611.65 cu m/day) of sewage 

from the Pacific Palisades subdivision (Chun et al. 1972). The plant 

(Fig. 3) is a two-stage high-rate trickling filter treatment operation. 

The digester is situated underground beneath the primary clarifier, and 

sludge beds are used to dewater the treated sludge. 

The plant is scheduled to cease operations at some indefinite date 

in the near future. The sewage from Pacific Palisades will then be 

pumped from the present plant site to the Pearl City sewage treatment 

plant located on Pearl City peninsula. The Palisades plant presently 

discharges its chlorinated secondary effluent into Waimano Stream. 

Waimano Stream has its source in the Ewa Forest Reserve on the 

slopes of the Koolau mountain range, and has a drainage area of approx

imately 1.5 square miles (3.885 sq kms). The lower portion of Waimano 

is an intermittent stream, flowing only when sufficient rainfall and 

runoff occurs. At times, the only flow of Waimano Stream is the effluent 

from the Pacific. Palisades sewage treatment plant and whatever springs 

discharge into the stream bed. 

Waimano Stream merges with Waiawa Stream at a point approximately 

one-half mile (.805 km) below the Palisades treatment plant. From this 

confluence, Waiawa Stream flows past the Pearl City treatment plant into 

the Middle Loch of Pearl Harbor. 

Waiawa Stream has its origin in the Ewa Forest Reserve, and flow 
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above the confluence with Waimano Stream is intermittent. Above the 

confluence of Waimano and Waiawa Streams, Waiawa Stream is generally 
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dry unless rainfall and runoff are sufficient. The portion of Waiawa 

from the confluence to the ocean is perennial due to the effluent from 

the treatment plant and flow from brackish springs which contribute to 

the flow in this portion of the stream as indicated by increased chloride 

values. Irr~gation runoff from nearby sugarca~e fields occasionally 

contributes to the flow. The U.S. Geological Survey (USGS) has a gaging 

station located at Waiawa Stream where Farrington Highway crosses the 

stream. 

The Waiawa drainage basin encompasses 26.4 square miles (68.376 km 2
) , 

most of which is in forest reserve. The developed areas within the basin 

amount to a small portion of the total ,drainage area. The sugarcane and 

agricul tural area is al so a small perqmtage of the total area. The 

greater portion of the Waiawa drainage basin is undeveloped forest reserve 

reaching to the slopes of the Koolau Mountains. 

The area from the confluence of Waiawa and Waimano Streams down to 

Kamehameha Highway is part of the U.S. Naval Reservation. As seen in 

Figure 2, Waiawa Stream forms a rough boundary separating the Naval 

Reservation to the east from the Oahu Sugar Company sugarcane fields to 

the west. The access road to the Reservation parallels Waiawa Stream in 

many places allowing the public access to the stream waters. The western 

edge of Manana Housing complex also borders the area. Children from 

Manana often play in Waiawa Stream and catch the fish which abound in 

many sections of the stream. 

Since Waiawa Stream, with the Palisades effluent in some degree of 

dilution, flows into Pearl Harbor, the impact of the quality of the stream 

water on Pearl Harbor is of interest. Increased public concern over the 

condition and water quality of the waters in the Harbor, especially the 

destruction of oyster beds in the West Loch (FWPCA 1969), led to a study 

of Pearl Harbor by the U.S. Navy in April 1971 to locate the sources of 

water, air, noise, solid wastes, and pollution. The results of the Navy 

study stimulated the appointment of a State "Task Force" to recommend ways 

of abating the pollution of Pearl Harbor. The Task Force has been active 

in identifying and helping to overcome obstacles to the implementation 

of planned water pollution controls (FWPCA 1971). Influent sources which 
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have in some way been altered from natural baseline conditions need to 

be studied to determine the impact of their waters on the quality of 

Pearl Harbor and the streams themselves. 

The possible impact of the sewage effluent on both Waimano and 

Waiawa Streams and their flora and fauna from the pOint of discharge 

into Waimano Stream to the point where Waiawa Stream empties into the 

Middle Loch is of concern because of the short distance and usually low .. 
flows which limit dilution and assimilation of the effluent. Springs 

contribute to the flow of Waiawa Stream; therefore, the infiltration of 

the sewage-water mixture into the groundwater table with resulting deteri

oration of the water quality is another source of concern. 

When the water quality of streams are altered, the streams show 

some recovery in their flow from the mountain to the sea and tend to 

approach their baseline conditions. 

The objective of this study was to determine the water quality 

changes occurring in Waiawa Stream and Waimano Stream, and particularly 

the effect of the addition of the chlorinated sewage effluent from the 

Pacific Palisades Sewage Treatment Plant. 

The physical, chemical, and bacteriological characteristics indicative 

of the water quality of Waimano and Waiawa Streams were monitored over a 

period of 9 months at selected stations along each stream. 

Previous surveys of Waiawa Stream were recent and very limited in 

scope. Table 1 lists the reported surveys and available data. 

Tenorio, Young, and Whitehead (1969), while studying irrigation 

return water in the subsurface, determined that Waiawa Stream seemed to 

fOllow general patterns of dilution during high and low flow. It was 

also determined that the stream contained appreciable quantities of 

nitrates and phosphates and it was suggested that a comparison be 

made with samples from a location above possible sources of contamination. 

The bacterial count in the study by Cox and Gordon (1970) was taken 

from a report made by the Division of Sewers listing indices of Pearl 

Harbor water samples. Cox indicated that coliform counts were generally 

highest at the stream mouths. The counts were of significant interest 

since some data was from 1957, prior to the construction of the Pacific 

Palisades Sewage Treatment Plant. Unfortunately, that was the extent of 

the data available for Waiawa Stream. 



TABLE 1. PREVIOUS STUDIES OF WAIAWA STREAM. 

TENORIOa FWPCAb 

PARAMETER AT GAGE (1969) (1969) 

FLOW WL = 1.65-3.20 FT 74.2 MGD 
(1967-1969) 

SS 13 

POI+-P 0.039-1.18 0.430 (TP) 

N0 3-N 0.09-4.74 

C1 31-271 

pH 6.2-7.4 7.6 

TEMP 20.5-27° C 20.5° C 

TC!100 m1 5900 

FC/100 m1 5000 

NOTE: CONCENTRATIONS IN mg/1 UNLESS OTHERWISE NOTED. 

a TENORI07 YOUNG7 AND WHITEHEAD 1969 

b FWPCA 1969 

C COX AND GORDON 1960 

d ENGINEERING-SCIENCE7 INC. et a1. 1972. 

COXC 

(1970) 

2-16 tv'GD 

247000 MPN/100 m1 
(NEAR MOUTH7 1957) 

WQPOd 

(1972) 

(AT MOUTH) 
0.25 

0.56 

'-l 
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In 1969, ~he Federal Water Pollution Control Association (FWPCA), 

now known as the Environmental Protection Agency (EPA), at the request 

of the State of Hawaii identified and documented the sources of pollution 

in Pearl Harbor and the effects upon the water quality and shellfish 

resources (FWPCA 1969). They concluded that the waste discharges from 

federal, municipal, and industrial sources, amounting to 11.1 mgd, were 

adversely affecting the water quality and jeopardizing the existence of 

the oyster beds in West Loch. Water quality standards for bacterial 

and nutrient levels exceeded state standards at numerous locations. The 

reported median coliform level was 610 organisms/IOO ml, and Salmonella 

organisms were identified in the oysters. If Pearl Harbor were officially 

open to the public, according to the FWPCA, the high degree of bacterial 

concentration would make fishing, swimming, and collecting shellfish 

hazardous. 

The FWPCA found that tributaries entering Pearl 'Harbor, including 

Waiawa Stream, also contain coliform and nutrient concentrations in excess 

of state standards. They recommended that the source of high nutrient load 

in Waiawa Stream and other streams be identified and minimized. 

The FWPCA study period covered January to March 1969. Flow in 

Waiawa Stream averaged 74.2 mgd for the period. The median total and 

fecal coliform counts for Waiawa Stream were 5900 and 5000/100 ml, 

respectively. Median values of other parameters are listed in Table 1. 

Waiawa Stream and Waimano Stream would be classified as Class 2 

waters according to the criteria specified in Chapter 37-A Water Quality 

Standards of the Public Health Regulations, State of Hawaii (Dept. of 

Health 1968). Pearl Harbor, including Middle Loch which receives the flow 

of Waiawa Stream, has a Class A designation. The pertinent criteria for 

each class are summari~ed in the following paragraphs and in Table 2. 

Class 2 waters include all waters used for "bathing, swimming, 

recreation, growth and propagation of fish and other aquatic life . 

agricultural and industrial water supply . shall not act as receiving 

waters for any effluent which has not received the best practicable 

treatment or control compatible with the standards established for this 

class 

Class 1." 

. includes all fresh water streams and rivers not included in 

Class 2 waters must have a median coliform bacteria count less than 



TABLE 2. SUtv'I'18.RY 

ClASSIFICATION Of WATER 
ACCORDI~ TO USES 

ClASS AA 

0CEANJGRPi'H I C RESEARCH 
PRCYAGATI~ OF SHELLFISH 

AU:> Mo\RII'I: LIFE 
CCNSfRVATI~ Of CORAL REEFS 
N-D WI LOERn:SS AREAS 

AESll£TiC ENJOYt-£NT 
~TUAAI.. PRISTlf>£ STATE, 

WILDERt£SS C»A.AACTER, t-ll 
ZCJES CF HIX!f'.(; 

ClASS A 

AECREATlOiAL-(FISHH..G, SWIM-
HII'Ii, IiATHlt.c, UTtIt::R WATER-
CONTACT SPORTS.) 

AES THET I C EtU)YI'£NT 
••• ~Ll f'llT ACT AS RECE I V-
ING WATERS FOR IW'f EFFLLENT 
WHICH W\S f'IoOT RECEIVED ll£ 
BEST PRACTICABLE TREATl1::NT 
~ CONTROL C(M>ATIBLE WITH 
TIE STAn:IAROS ESTABLlSt£D 
FOR THIS CLASS. 

CLASS B 

SMo\U BOAT ~S-(CO+ER-
CI.AJ... A/>.() il'UVSTRIAL SHIP-
PII'.'G) 

BAIT FISHIt-..G 
AfSTt-t:T1C ENJOYt"ENT 
•.• SHAll APPLY ONLY TO 
lIMI TED AA£A !\EXl TO BOAT 
[X)CKIt-lJ FACILITIES IN 
BAYS I<nJ HARBORS. 

ClASS 1 
DRIt+:l"'; WATER 
FOOD SlPPlY 
ABSOLUTE MINII'1..M OF 

POlLUTION 

(ALL FRESH WATER S TftE..OJItS, 
w-tETt£R f'lBLiCLY OR PRIVATflY 
CWN:D, USED FOR llO"'ESTlC, 
CUlIW\RY, OR FOOO PRUCESSlf'IG 
f'I.RPOSES.) 

CLASS 2 

BATHING, SWIt+1If'li, RECREATI~ 
GRCMTH AN:> PROf'AGATI{X'II Of 
FISHA/II)OTt-£R~TIC 
liFE 

AGRICUlTLRAL ANa II'OJSTRIAL 
WATER SL.f'PlY 

••• S~VQl f'XlT ACT AS RECEIV
Ir-.G WATERS FOR IViY EFFLUENT 

'of-ll CH HAS WT RF.CE I lIED THE 
BEST PAAClICABLE TREAT1-'£NT 
al: C{X'IITROL CCH>A II BlE WITH 
THE. STAt.llAADS I::STABLlst-£D 
~ THIS CLASS 

(ALL FRESH WATER STRSOMS AN:> 
RIVERS f'XlT II'l:LUDEOIN CLASS 1.) 

MICROBIOLCXiICAl 
REQUJREI-'ENTS 

(COLlfCW1 COtNTS) 

t'tDIPN COLIFOOM 
BACTERIA: <70/ 
100 ML 

Nf'( SPWLf 
.s 2]0/100 t1... 

MEDIAN COLIF<JV.t 
BACTERIA: 
SlOOO/lOO t-t.., 
t'..:lT f1)Rf l'l-IN-I 
10 PERCENT Of 
SN-PLES >21+00/ 
1001-i.. 

FECAl.. COlIFCII.M: 
AAIn-t£lIC AVE. 
s2ooll00 ML 
(o..RING /JM 30-
DAY PERIOO) 
I'tlT~ETI-Wi 
10 PERCENT OF 
5.#'PL£S >1+00/ 
100 ~ (IN 
PERIOO AS ABOVE) 

FECAL COLIFORM: 
ARlnKTlC AVE. 
sltOO/lOO HL 
(0UR1r-.G fW( 3D-
DAY PERIOO) 
/'£)T tOlE TI-iA"j 10 
PERCENT Of w\-
PL£S >lOOO/lOO fo't.. 
( IN Si\'oE 3D-DAY 
PERIOO AS ABOVE) 

Ff:CAL COLIfORM: 
MTlMTlC AIlE. 
.s20/l00 t-i., 
(Dl.RI~H1'f 
CAlE/IlWt toOlTH) 

pH 
(LNITS) 

2.5 FRO-I 
''NATlAtAL 
CCNlJTlCl'6", 
BUT WITHIN 
8.0- 8.5 
fRQoI OTHER 
~ N.'.TURAL 
CAUSES 

FRESH TIDAL 
WATER ~ 7.0 

.to.S FRll't 
''NATURAL 
Ca-D IT J()'.zs", 
BUT WITHIN 
7.0 - 8.5 
FR(toI OTI-£R 
nAA NATO-
RAL CAUSES 

.to.SF~ 

''NArow. 
C().I)ITIONS", 
BUT WITHIN 
7.0 - 8.5 
FR<»1 OTHER 
THAN NATU-
RAe CAUSES 

M:DIAN COllFOO1 
BACTERIA: 
s1000/100 "'-

6.5 - a.5 

r-vf t<lRE Tt-AA 10 
PERCENT. Of SN-P[£S 
>1,400/100 ML 

FECAL COLlF(JUoi: 
AAITI+If:T1C AVE. 
<200/100 ML 
(DURIr-.G IWY 30-
MY PERIOD) 
f\l)TJ'oOU: Tt-tN>IIO 
PERCENT OF SN+
PLES >1000/100 1-i.. 
(IN SN-£ 50-DAY 
PER 100 AS ABOVE) 

OF WATER QUALITY STANDARDS. 

I'IlJTRIErHS DISSOLVED O2 

mg/l 
11K/I 

TOTAL TOTAL 
P N 

sO.02D !iO.IO >6.0 

.!OO.025 ~O.IS ~S. 0 

,SO.OW lO.20 ~lt.5 

<:5.0 

TOTAL DISSOlVElI 
SOLIDS (ros) 
SALINITY PHJ 

CLRRENTS 

lOS ~28, 000 IIiII I 
NO owas IN 
OW+ELS, IN BA-
SIN GE()oETRY OF 
TI-£ AAEA, OR IN 
FRESH WATER 
INFLUX SKAJ...L BE 

I-'AOE WHIOi 'rO.JLD 
CAUSC PERt-W£NT 
CI'"'AtaS IN ISO-
*Llt£ PATTERNS CF,..,.. nAA 
ilO PfRCENT OF 
'~TLRALLY oc-
CLRIN:i VAAIATICt.f' 
OR WHIOi hOULO 
OTI-lERW I SE AFFECT 
BIOLOGICAL /lH) 

SfDlfoENTOLOGltAL 
SITUATI~. 

TElftRATLRE 

It.l'v->t:.kATUtott: 
0= RECEIVIt-G 
WATERS S~Ll 
I'VT CtW-«iE 
,..,.. nAA 
1.5- F FRil"l 
"NAT\J!AL 
CQt.()ITICl6" 

TEI1'ERATURE 
Of RECEIVI)'II; 
WATERS 5.HALL 
..,Towa 
KlRE T~ 
1. 5" F FROH 
'~Tl.IRAl 
CCU>ITI{JI./511 

TU'r>EAATl.RE 
Of RECEIVIr-G 
~lERS SHALL 
..,Towa 
HJRE nAA 
1.5° F FR(lot 
''NATURAL 
Ct'Kl I T1Cl>lS" 

fEMPERATLJij:' 
OF RfCEIVIt-..G 
WATERS Sti4.LI 
f'XlT CIiAr'..GE 
f"ORE T~ 
1.5- F FR(M 
',,",ruw. 
ClWITlONS" 

~7E: ADAPTED FRt~ CHAPTER 37 A WATER QUAli TY STAt.DAAos, PUBLIC HEALTH REGUlATIONS (:.fPAAJt.£NT Of HEAlHt STArt OF HAWAII. 
TE. CHAPTER H-A WA.TER QJtu.1 fY ~TAH:lARDs \ERE REVISED AS uF' I¥r.Y 25, 1974.' , 

TURBIDITY 
(SECOiI DISC 
OR EQU I VALENT 
AS "EXTINCTION 

COEFFICIENT") 

is PERCENT 
FRCfot IINl\TU_ 

RAl C(»vI-
T!(X\I5" 

tID PERCENT 
fRQIo1 ''AATU-
RAt CGI)I-
TI{XIlS" 

i20 PtRCl::fIT 
fRCio1'~TU-
RAl C(N)I-
liONS" 

RADIQt.lX'1 IDES 

RADIOACTIVITY IN 
WATER St-W..L f'VT 
EXCEED l/30TH Of 

"" tPC. 
VALUES 

GIVEN FeR CCN-
TI~ OCCUPA-
T IC»-W.. EXPOSLRE 
IN t+\T1CW\l SlREI\IJ 
OF 5 T AJ-L)AAQS t-WID-
BOOK 1\0. 69. 

t-D RADIO'fJeLI DE OR 
HI XTURE OF RADIO-
NJeLiDES SHALL BE 
PRESENT AT COt>¥:EN-
TRATictl) GREATER 
Tl-IN'.f nose SPEC 1-
FlED f!'f Tl£ u. S. 
PL8L1C HEALTH 
Sf:RVICE, PUBLlCA-
TJCf..I t>.O. 95o, AS 
REVISED IN 1962, 
AS ACCEPTABLE 
ORINKII'li WATER. 

Tt-E COt£ENTRA T Illj 
OF RADl~CTIVE 
M4.TERIALS PRESENT 
IN FRESH, ESTUAR11'l:, 
A/IIJ f.lAAl/IE. WATER, 
SIi&.LL BE LESS THAN 
nOSE THAT WOJl.D 
REQ,JIRE RESTRICTlcnl 
Cf..I n£ USE ~ ORGA-
NISMS HAAVESTED 
FRCM Tt-E AREA IN 
ORDER TO fo'EET Tl-E 
RADIATlCf..I PROTECTION 
GUIDES REC<l+'&IDED 
BY Tt-E FEDERAL RA-
DIATION COl.N:IL. 

SEE f'.()TATI<.t.I FOO 
CLASS M /IU) A. 

SEE NJTATlct>I FOR 
CLASS AA. 

SEE tVTATIUN fffi 
CLASS M AI'ID A. 

9 
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or equal to 1000/100 ml, and not more than 10 percent of the samples greater 

than 2400/100 mI. Fecal coliforms should have an arithmetic average less 

than or equal to 200/100 ml (during any 30~day period), not more than 10 

percent of the samples greater than 1000/100 ml (in the same 30~day period 

as above). Other criteria are pH of 6.5-8.5, dissolved oxygen (DO) greater 

than or equal to 5.0, and no more than 1. 5°F (16. gOC) change from "natural 

conditions" in the temperature of the receiving waters. There are no 

nutrient (nitrogen and phosphorus), total dissolved solids, or turbidity 

requirements. 

Class A waters are designated for recreational purposes and aesthetic 

enjoyment and should not receive waste discharges which have not received the 

best possible treatment. Median coliform and fecal coliform requirements 

are the same as for Class 2, except the corollary to the fecal coliform 

reads " ... not more than 10 percent of samples greater than 400/100 ml" 

during any 30-day period. Other Class A standards are pH±O.s from 'natural 

conditions' but within 7.0-8.5 from other than natural causes. Total phos

phorus less than or equal to 0.025 mg/l, and total nitrogen less than or 

equal to 0.15 mg/l. The DO should be greater or equal to 5.0 mg/l, temper

ature change not more than 1.soF from 'natural conditions,' and Secchi disc 

or equivalent turbidity ±10 percent from 'natural conditions'." 

STUDY PLAN 

The following sampling stations were selected (Fig. 2): 

o - Station 0 - Waimano Stream near Pacific Palisades Sewage Treatment 
Plant, upstream of effluent discharge. 

E - Effluent - Pacific Palisades sewage treatment plant chlorinated 
effluent, taken at the effluent weir in chlorination 
chamber or from the effluent outfall before it mixes 
with Waimano Stream. 

1 - Station 1 - Waiawa Stream at bridge below the confluence of Waiawa 
and Waimano Streams. 

2A - Station 2A - Waiawa Stream at point above the confluence of 
Waiawa and Waimano Streams. 

2 - Station 2 - Culvert where Waiawa Stream intersects access road 
near Navy warehouses. 

3 - Station 3 - Culvert where stream intersects Oahu Sugar Company 
canefield access road. 

G - Gage - Waiawa Stream at the USGS gaging station, sample 
collected at the weir. 
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Station 0 and Station 2A were the control stations, being above 

the point of effluent discharge. Streamf16w- was recorded at the two 

stations only when there was sufficient rainfall. At Station 2A a greater 

amount of rain was necessary for streamflow to occur, which accounts for 

the limited number of samples taken at that station. The effluent station 

was the point of waste discharge into the stream. 

At Station 1 the combined flows of Waiawa and Waimano Streams were 

monitored. At this station, Waiawa Stream widens considerably and there 

is an abrupt change in direction, resulting in a sharp decrease in velocity 

and eddy currents. At times, the current was observed as moving upstream 

or in a large eddy. This area of the stream is a natural sedimentation 

basin where flow-through time is very long with the resulting odor and 

aesthetic problems. Samples were collected off the bridge by lowering a 

bucket wi th a rope. 

Station 2 and 3 samples provided an indication of the location of 

springs which add to the flow of Waiawa Stream. 

The gagi~g station was the only station on the stream where a 

measurement of flow was possible. The USGS has a recording gage at the 

station. The gage was the last station in this survey because tidal 

effects become significant farther downstream of that point. The weir 

at the gage prevents any effect of the tide on upstream flow. 

Grab samples at each station were collected once each week from 

September 1972 through May 1973. Effluent samples with chlorine residual 

were neutralized with sodium thiosulfate immediately upon collection. 

Collected samples were chilled during the sampling period, which usually 

lasted 2 to 3 hours, until return to the laboratory where proper 

refrigerated storage could be provided. Samples were collected in the 

morning hours on five consecutive days in May 1973 to take advantage of 

a period of high flow. 

On two dates, 10/13/72 and 12/20/72, irrigation runoff was observed 

at Station 2. On these occasions, two samples were collected, one above 

the point of mixing and one in the zone of mixing of the runoff and stream. 

All parameters relating to solids and mineral composition (suspended and 

total SOlids, chlorides, conductivity, and turbidity) showed an increase 

in the downstream sample. The volatile suspended solids increased in 

concentration for the downstream sample, but the percent volatile solids 



12 

decreased, indicating dilution by a low organic content water. Other 

parameters showed some change but not significantly enough to draw 

conclusions. 

Physical measurements of pH, temperature, and oxidation-reduction 

potential were made in the field and color and turbidity in the laboratory. 

Chemical tests included biochemical oxygen demand, arnrnonia-ni trogen, 

organic nitrogen, total Kjeldahl nitrogen, nitrate-nitrogen, nitrite

nitrogen, total phosphorus, orthophosphate, total and total volatile 

solids, suspended and volatile suspended solids, residual chlorine, 

chlorides, and specific conductivity. Bacteriological tests included 

total and fecal coliforms and fecal streptococcus. 

The pH was measured in the field with a Photovolt Model l26A pH 

meter. ORP was measured with a Photovolt Model 126 pH meter. A YSI 

model SlA DO meter was used initially to measure DO in the field, but 

due to mechanical problems, a switch was made to the azide modification 

of the Winkler test as given in Standard Methods (1971). 

Temperature was measured in situ where possible in the field with a 

laboratory thermometer. Residual chlorine was determined in the field 

with a Hach color comparator. The water level was read from the staff 

at the USGS gaging station, and visual reading compared favorably with 

the recorded measurements of the USGS. 

Turbidity was determined with a Hach Model 2l00A turbidimeter as 

Formazin Turbidity Units (FTU) which are equivalent to Jackson Turbidity 

Units (JTU). Conductivity measurements were made with an Industrial 

Instruments Model RC 16 B2 conductivity bridge. 

Phosphorus and orthophosphate determinations were accomplished with 

a Technicon Auto Analyzer II. 

The remaining tests were determined using methods as specified in 

Standard Methods. 

Bacterial tests were accomplished by the membrane filter method, also 

as noted in Standard Methods. 

Many of the parametric concentrations at each station were flow 

dependent, being higher or lower as flow increased or decreased. Thus, 

a distinction between wet weather high streamflow and dry weather low 

streamflow was necessary. 

Rainfall, runoff, and streamflow by themselves were not adequate to 
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make the distinction, although Stations 0 mld 2A had measurabl~ flow only 

when there was sufficient runoff. The runoff flow was often insufficient 

to cause any 'noticeable dilution; therefore, a combination of chloride and 

dissolved oxygen concentrations along with the flow was utilized to 

differentiate high flow. 

High flow conditions were based on the dissolved oxygen being close 

to saturation at Stations 0 and 1 and approximately 50 percent reduction 

of chloride between the effluent and Station 1. The minimum gage flow 

of these sampling dates was 8.53 cfs (14.5 cu m/min); therefore, any 

sampling date whose flow was greater or equal to 8.53 cfs (14.5 cu m/min) 

at the gage was considered wet weather flow. All other dates were consid

ered to be representative of dry weather flow. 

DISCUSSION OF RESULTS 

In this stream survey, the period of investigation was not entirely 

representative because of low monthly rainfall. From interviews with USGS 

personnel, the three-year period of 1970-73 was very dry. Unfortunately, 

there is no rain gage in the Waiawa drainage basin. In 1969, the FWPCA 

reported an average annual rainfall of 160 inches (406.4 cm) at the 725-foot 

(22l-m) elevation for Waiawa (FWPCA 1969). A National Oceanic and Atmos

pheric Administration (NOAA) rain gage located in Pacific Palisades acccu

mulated 56.8 inches (144 cm) for 1972, and 38.56 inches (98 cm) of rain 

was collected from January through September 1973. The total rainfall 

during the 9 months of this study was 41.17 inches (104.6 cm). 

Flow measurement was very difficult due to the "flash~' nature of the 

flow of Waiawa and Waimano Streams (Jones, Nakahara, and Chinn 1971). 

Fortunately, the USGS has an active gaging station on Waiawa Stream at 

Farrington Highway. Flow records of the Pacific Palisades Sewage Treatment 

Plant were available from the Sewers Division of the City and County of 

Honolulu. The gaging station and sewage plant records were the only direct 

measurements of flow available. 

The average flow from the Palisades treatment plant during the time 

of sampling for all sampling dates was 0.65 mgd (2460 cu m/day). The mean 

flows at the gage during the sampling period were 2.9 mgd (10,976.5 cu m/day) 

dry weather flow and 28.1 mgd (106,358.5 cu m/day) wet weather flow. These 
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values were calculated from the available data. 

From the above, during dry weather, an average of 22 percent of the 

flow at the gage was contributed by the sewage treatment plant. In wet 

weather, only 2.2 percent of the gage flow was from the treatment plant. 

The average flow at the gage for the calendar year 1970 was 36.3 cfs 

(61 71 cu m/min) and for the water year 1971, 50.2 cfs (85.34 cu m/min) 

(USGS 1973). 

Data analyzed for the Pacific Palisades treatment plant effluent 

compared favorable with similar parameters analyzed by the City and 

County of Honolulu chemist (Table 3). 

The DO content of the stream water exhibited the shape of the "spoon

shaped" dissolved oxygen sag curve (Fair, Geyer, and Okun 1968). The 

sag profile was especially evident during periods of dry weather and almost 

nonexistent during periods of high flow (Fig. 4). 

The bro control stations. 0 and 2A, which had flow only during periods 

of sufficient rainfall had DO at or very near saturation concentration 

during wet weather. During dry periods, the lowest DOJat the control 

stations were 4.32 and 6.9 mg/l, respectively, while the mean concentrations 

were 7.4 and 8.7 mg/l, respectively. 

The oxygen deficit at Station 1 was the lowest recorded during the 

investigation for the stations, and on several occasions the DO was zero. 

Station 1 was the lowest position on the sag curve, for as the stream flowed 

through Stations 2 and 3 and the gage, the DO increased by turbulent re

aeration during dry weather flow. 

During wet weather, the DO was near saturation at the upper stream 

stations, but decreased at the gage (Fig. 4). One possibility was that 

the sag curve was moved to that point downstream by the increased flow. 

The Class 2 Water Quality Standard of at least 5.0 mg/l DO was not 

met except during high flow and was probably not met overnight because 

of regular diurnal variation. 

The BOD ranged from 0 mg/l at the control stations, 0 and 2A, to 55.2 

mg/l for the effluent. The maximum concentration for the effluent occurred 

when the chlorination chamber was being aerated to resuspend settled solids 

carried over from the final clarifier, and the suspended solids were also 

at a maximum. The average BOD for the effluent was 26.2 mg/l (Fig. 5). 

The general trend in the flow downstream was a decrease in the BOD 



TABLE 3. CHEMICAL ANALYSIS OF PACIFIC PALISADES EFFLUENT. 

FLOW pH SET. SOL. COMPOSITE TURB. 
DATE TIME (MGD) UNITS DO BOD SS (ml/I) T-P ORG-N NH3-N TS/TVS (FTU) 

9/29/72 0730 0.92 7.08 1.5 17 28 0.1 7 5.9 11.5 354/154 

10/5 0750 0.85 7.30 2.3 22 24 0.2 8 5.4 10.5 384/200 

10/13 0715 0.95 7.4 2.8 18 10 0.05 9 7.0 14.8 384/158 

11/17 0745 0.83 7.4 3.3 14 12 0.1 8 3.3 11.5 355/19Ei 

11/8 0800 0.87 7.58 3.4 7 14 0.2 8 5.2 9.8 378/155 

11/29 0800 0.87 7.4 3.5 32 18 0.2 5 5.0 14.5 378/200 

11/24 0710 0.52 7.29 3.2 31 15 0.2 5 4.0 14.3 385/178 

1/5/73 0800 0.52 7.10 3.5 11 12 0.05 10 5.9 11. 3 394/184 

3/7 0740 0.81 7.38 3.4 18 12 0.1 8 4.8 13.0 355/222 

2/22 0720 0.82 7.32 4.0 15 15 0.3 10 4.5 9.0 350/172 14 

3/23 0815 0.75 7.45 3.2 15 12 0.3 7 8.4 17.1 372/198 14 

4/5 0840 0.55 7.5 4.0 10 18 0.05 18 4.8 14.0 348/158 13 

4/27 0800 0.58 7.13 2.9 11 10 0.1 9 4.8 15.5 358/182 18 

5/18 0720 0.85 7.10 3.2 22 30 0.1 10 7.1 13.0 352/192 24 

5/31 0810 0.75 7.50 2.8 17 18 0.1 10 7.1 15.0 354/155 34 

SOURCE: CITY AND COUNTY OF HONOLULU. 

NOTE: IN mg/1, UNLESS OTHERWISE NOTED. 

I-' 
til 
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during dry weather conditions, and a trend correlation with the DO increase 

downstream. The oxygen demand was being satisfied between the effluent 

discharge and the gage, and self-purification was occurring. 

During wet weather flows, a slight increase in BOD at the gage was 

noted. This could also be correlated to the wet weather DO, a movement 

downstream of the oxygen sag curve and could also be due to illegal waste

water discharge, since a few residential dwellings exist in the area above 

the gage and their means of wastewater disposal is not known since no city 

sewer extends to that area. The maximum BOD for the gage of 26.7 mg/l 

occurred during wet weather, but that was due to the increased suspended 

solids load from the highway construction project of the Waiawa Interchange. 

The mean concentrations of suspended solids (Fig. 6) decreased during 

dry weather in a downstream direction, an indication of gradual sedimentation 

along various parts of the stream. The volatile solids content (Fig. 7) 

also decreased downstream during dry weather, indicating either utilization 

or sedimentation of organic suspended matter. This decrease in volatile 

matter was consistent with the behavior of the oxygen sag profile and BOD 

previously discussed. 

The maximum concentration of suspended solids occurred during wet 

weather in the effluent. A concentration of 201 mg/l was determined in 

the effluent because the chlorine contact chamber was being aerated, and 

all the settled matter at the bottom of the chamber was suspended. The 

maximum volatile solids concentration also occurred during the same period. 

The dry weather suspended solids for the effluent averaged 20.6 mg/l and 

the wet weather averaged 54.2 mg/l. Without the maximum concentration of 

201 mg/l, the wet weather mean concentration of SS was 29.7 mg/l. 

The maximum concentration at the gage of 67 mg/l also occurred during 

wet weather because of heavy sediment load caused by the runoff from the 

construction of the Waiawa Interchange. As previously stated, the BOD 

increased at the gage for the same reason. 

In general, dry weather concentrations for suspended and volatile 

suspended matter were higher during dry weather. The percent volatile 

solids were also higher during dry weather. This was probably due to the 

fact that samples were collected during the recession of the storm hydro

graph, and the "first-flush effect" (Robbins, Howells, and Kriz 1972) had 

already passed. 
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From Figures 8 and 9, it can be noted that the total Kjeldahl nitogen 

(TKN) at all stations except control stations existed primarily as 

ammonia-nitrogen (NH3-N). At the control stations, 0 and 2A, low concentra

tions of TKN were detected and in contrast to the other stations, most of 

the nitrogen was organic. 

High ammonia during the dry weather indicated active decomposition 

of organics in the stream. The maximum concentration of ammonia, 36 mg/l 

N occurred in the effluent, though the concentrations, 32.5 mg/l maximum, 

at Station 1, were also high. As with BOD and SS, the ammonia concentration 

decreases downstream during dry weather, consistent with the principles of 

stream assimilation. 

The nitrogen balance of the stream was also consistent during dry 

weather. As the ammonia decreased in a downstream direction, the nitrite 

and nitrate concentrations increased (Figs. 10 and 11). Nitrite and nitrate 

were low at Station 1 and at times down to zero which was expected since 

the ammonia level there was very high. The nitrite and nitrate content in 

the effluent was high, averaging, 0.20 mg/l Nand 0.62 mg/l N, respectively; 

however, this was consistent for sewage treatment plant effluents, since 

the concentration rarely exceeds 1 mg/l nitrite according to Sawyer and 

McCarty (1967). Nitrite and nitrate were detected in all the effluent 

samples. 

During wet weather, the ammonia was low at all stations except for the 

effluent, indicating high dilution. Slight increases in ammonia were noted 

at the stations between Station 1 and gage, but the concentration decreased 

at the gage as in dry weather. Nitrates increased at the gage as in dry 

weather, but nitrites decreased at the gage, possibly victims of high flow 

and dilution. 

The nitrogen balance at the effluent and at the gage were not equiva

lent as in theory. Some ammonia was possibly lost to the atmosphere through 

turbulence and some denitrification was evident at Station 1 during dry 

weather and low flow. Dilution was another factor which would reduce the 

nitrogen concentration at the gage. 

The increase in nitrate at Station 3 and the gage may not have been 

entirely a function of nitrification. As stated previously, there was 

groundwater leakage into the stream by way of springs, and also irrigation 

runoff input. Tenorio, Young, and Whitehead (1969) found that waters from 
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Pumps 6 and 6B of the Oahu Sugar Company, located in the area of Waiawa 

. Stream, had nitrate values of 1.3 mg/l and 1.6 mg/l as N, respectively. 

This compares with the 1.4 mg/l N03-N mean found at the gage for this 

investigation. 
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Water quality standards for nitrogen for Class B waters are total 

nitrogen less than or equal to 0.20mg/l and for Class A waters, less than 

or equal to 0.15 mg/l. The two control stations were well under the limit 

for both classes. All other stations including the gage which was the 

last downstream station exceeded both limits. The average N03-N at the 

gage was 1.07mg/1. In a previous study, the Water Quality Program for Oahu 

(WQPO) for the City and County of Honolulu found 0.56 mg/l N0 3 -N at the 

mouth of Waiawa Stream (Lau 1972). 

The major portion of phosphorus detected at all stations was in the 

soluble form. Very little organically bound phosphorus, as shown in 

Figures 12 and 13, was detected. The phosphorus in the downstream stations 

were attributable to the sewage effluent which averaged 8.8 mg/l total 

phosphorus as P. 

The concentration of phosphorus decreases in a downstream direction 

due to two factors. Very little phosphorus was used by biological forms. 

Dilution was a factor to be sure and the major factor during wet weather. 

During dry weather, the phosphorus removal was aided by the adsorption of 

phosphorus by sediment in the streams. Hawaiian soils have a great 

affinity for phosphorus and adsorb it readily. Kaya (1971), while investi

gating Kaneohe Bay sediment, found that at concentrations of about 10 mg/l 

P, the phosphorus uptake by the sediment was 92.5-93.5 percent of the 

initial concentration of phosphorus. Also, most of the soluble phosphorus 

was adsorbed within the first 5 minutes of contact with the sediment. 

Water quality criteria for Class A and Class B waters for total 

phosphorus are set at less than or equal to 0.025 mg/l and 0.050 mg/l, 

respectively. As with nitrogen, only at the two control stations, 0 and 

2A, could this requirement be met, and even then the standards were exceeded 

occasionally though only slightly. The lowest concentration of total 

phosphorus recorded at the gage was 0.20 mg/l P during high stream flow, 

and the mean value overall was 0.9 mg/l P. The WQPO (Lau 1972) reported 

0.25 mg/l P0 4-P at the mouth of Waiawa Stream in an earlier study. Thus, 

more reduction of phosphorus concentration takes place between the gage and 
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the stream mouth, but the water entering Pearl Harbor Middle Loch was still 

in excess of the standard. 

The total solids, T-S, (Fig. 14) and chlorides, Cl-, (Fig. 15) behaved 

similarly. Conductivity exhibited almost the same pattern as total solids, 

so any discussion of T-S would be equally applicable to conductivity. 

The total solids and chlorides of the effluent were very consistent 

at all times, averaging 369 mg/l solids and 55.9 mg/l Cl-, respectively. 

The control stations had the lowest values. The total solids at Station 0 

and 2A were higher during dry weather as were the chlorides. 

The total solids and chlorides were a striking example of the dilution 

phenomenon. At Station 3, where the highest concentrations were noted, the 

average dry weather chloride of 609 mg/l was reduced to 83.3 mg/l during 

wet weather. A similar reduction in total solids existed. This dilution 

of some 86 percent exhibits the dilution aspect of self-purification. 

Another example was the approximately 50 percent dilution of the effluent 

at Station 1 during wet weather, where durIDng dry weather the chlorides at 

the two stations were almost exactly the same. 

The color (Fig. 16) of the stream water was lowest, 5 units during dry 

weather, at the control Station 0, usually less than the U.S. Public Health 

Service (USPHS) limit of 15 units (USPHS 1963) for drinking water. Though 

Waiawa Stream was not used for drinking or domestic use, the USPHS limit 

was used as a reference figure. The other control, Station 2A, was generally 

above the USPHS limit, averaging 35 units overall. 

The effluent and Station 1 exhibited the highest color averaging 49 

and 40 units, respectively. The color of the samples at the two stations 

was apparent and due to turbidity which could not be removed by high speed 

centrifuging. 

The dry weather color decreased downstream to the gage where the color 

mean was 12 units, the same as the dry weather mean for Station o. Dilution 

from spring leakage was probably the reason. Another possiblity, perhaps 

farfetched, was the natural color removal by coagulation. The pH at 

Station 3 decreased to a mean value of 6.6. Burbank et al. (1970) studied 

removal of color from water on the island of Hawaii, and determined an 

optimum pH of 6 to 7 for removal by coagulation using a cationic polymer 

coagulant. While there was no polymer in the Waiawa Stream water, perhaps 

enough ionic iron existed in the water, (there was a junked automobile 
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submerged just below Station 2), to act as a coagulant. 

During wet weather, the color at the control stations was greater 

than during dry weather, but the color in dry weather was higher at the 

intermediate stations. The wet weather color at the gage was much greater 

than during dry weather, due to higher runoff. Wet weather color averaged 

40 units at the gage. True color in water is caused by dissolution of 

lignins and humic substances from decaying vegetation (Sawyer and McCarty 

1967). The higher streamflow during wet weather could have contributed 

more color because flow rise up the banks may have leached the decaying 

vegetation. 

Turbidity (Fig. 17) varied as color did, low at the control, high for 

the effluent, deereasing at the gage though not quite as low as at the 

control stations. The wet weather mean values at Stations 0, E, and 2A 

were higher than for dry weather. The wet weather turbidity at Stations 

2 and 3 was lower due to the limited samples available for averaging; there 

were more samples of dry weather flow simply because there was more days 

of dry weather during the investigation period. 

The low mean turbidity of 2.6 FTU occurred at Station 0 during dry 

weather. The high mean turbidity occurred during wet weather at the gage 

for the same reason the color was high at the gage, increased runoff. 

Water quality standards for Class A waters require no more than 10 

percent variance from "natural conditions," for turbidity, and for Class B, 

the allowable variance is 20 percent. Using the dry and wet weather mean 

turbidities of 2.6 and 9.2 FTU, respectively, at Station 0 as the "natural 

conditions," the gage values exceeded the natural conditions by about 50 

percent. If there was no further reduction below the gage, then one 

could safely assume that the Waiawa Stream water entering Pearl Harbor 

could exceed the standards until further dilution occurred. 

The highest concentrations of heavy metals were noted for zinc and 

copper with mean values between 20 to 30 pg/l and 10 to 20 pg/l, respectively 

(Figs. 18 and 19). Lower values were obtained for nickel, lead, and 

chromium (Figs. 20, 21, and 22). There was no apparent pattern between 

wet weather and dry weather conditions for the levels of heavy metals 

monitored. The mean chromium concentration in dry weather ranged from 1 

to 5 pg/l compared to a range of 40 to 100 pg/l obtained by Matsushita (1973) 

for Kalihi Stream. The data for Waiawa Stream are about the same order of 
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magnitude with that noted for surface irrigation at Kilauea, Kauai for lead 

(7 to 16 ~g/l), copper (1 to 2 ~g/l), and zinc (5 ~g/l) (Lau 1972). These 
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FIGURE 22. CHROMIL.M LEVELS BY STAT! (]>.lS. 

low levels of heavy metals in the stream waters may not be of particular 

detriment to the stream biota, but may add to the load imposed on the waters 

and sediment of Pearl Harbor. 

The temperature varied in a very narrow range for the stream stations. 

Although the maximum recorded during the investigation was 28.5° C for the 

effluent with a minimum of 17.5° C for Stations 0 and 2A, the average 

difference during wet and dry weather between Station 0 and the gage station 

on anyone day was usually less than 2.5° C. Defining the natural conditions 

would be difficult since the dry weather flow of Waimano Stream often '.1. 

consisted only of the sewage effluent. Despite the temperature changes in 

excess of the standards, no fish kills or dying plants were observed; in 

fact, fish seemed to thrive in the stream water, especially at Station 1. 

Thus, the temperature at each station was assumed to be natural for that 

individual station. 

The pH was usually in the range specified by the standards for Class 2 
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waters of 6.5 to 8.5 and varied less than one pH unit overall (Fig. 23). 
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FIGURE 23. pH UEVELSBY STATIONS. 

A noticeable change in pH occurred at Station 3, where the pH dropped from 

an average 7.0 at Station 2 to 6.6 at Station 3. The most probable explana

tion was groundwater seepage from springs, since chloride values increased 

also at Station 3 (Fig. 15). 

The oxidation-reduction potential (ORP) proved to be relatively 

satisfactory for indicating the onset of anaerobic conditions. Except for 

two occasions at Station 1, all samples were well within the positive range. 

On the two occasions, when negative values of -110 mV and -15 mV were 

obtained at Station 1, the DO was zero. On other occasions when DO at 

Station 1 was zero, the ORP was positive, which was possible depending upon 

the extent to which anaerobic conditions had taken over. The field test 

for hydrogen sulfide (H2S) was discontinued at the beginning of the investi

gation, since only once was H2 S detected. That coincided with the -110 mV 

ORP recorded at Station 1. The values of ORP for the effluent were affected 

by the chlorination and were off-scale (> + 400 mY) in the positive direction. 

The residual chlorine concentration averaged 1.6 mg/l with a maximum 

greater than 3.0 mg/l and a minimum of 0.3 mg/l during the period of 

investigation (Table 4). On four occasions, the residual chlorine was 1.0 

mg/l or less, and increases in total and fecal coliform and fecal strepto

coccus were noted in the effluent. The fecal coliform and fecal strepto-
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TABLE 4. EFFLUENT RESIDUAL CHLORINE, GAGE WATER LEVEL, 
AND EQUIVALENT FLOW DURING DRY AND WET WEATHER. 

DRY RESIDUAL GAGE WATER MEAN DAILY 
WEATHER CHLORINE LEVEL FLOW FLOW 

(mg/l) (ft) (cfs) (cfs) 

09/27/72 1. 73 5.99 5.8 

10/13 1.25 1.66 4.50 4.7 

10/19 1.5 1.61 3.62 3.9 

10/27 2.1 1. 78 7.17 7.2 

11/17 1.5 1. 74 6.22 6.1 

11/24 0.3 1. 70 5.28 6.1 

11/29 1.3 1. 70 5.28 4.7 

12/06 0.7 1.64 4.14 4.2 

12/13 0.8 1.64 4.14 3.7 

01/3/73 1.4 1.60 3.46 3.4 

01/10 1.0 1.66 4.50 5.1 

01/17 1. 35 1.65 4.32 5.3 

01/30 1.3 1.60 3.46 3.7 

02/08 1.8 1.68 4.88 3.8 

02/15 1. 58 3.15 2.8 

02/22 2.7 1.62 3.79 4.6 

03/02 3.0 

03/08 3.0+ 1.62 3.79 4.6 

05/04 2.1 1. 70 5.28 4.6 

05/08 2.4 1.60 3.46 3.7 

MEAN 1.6 4.50 

WET WEATHER 

10/06/72 1.83 8.53 9.2 
11/08 2.1 2.4 35.5 25 
12/20/72 1.1 2.0 14.1 14 
OS/21/73 1.8 3.06 131 85 
OS/22 1.9 2.74 71.0 62 
OS/23 1.4 2.30 29.0 30 
OS/24 2.2 2.16 21.3 32 
OS/25/73 1.2 2.44 38.6 33 

MEAN 1.7 43.6 
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coccus counts were very much higher during those periods. 

Figures 24 through 29 compare the total coliform, fecal coliform, and 

fecal streptococcus density against a probability scale, showing the percent 

of the time that a particular density would be exceeded. The values for 

Station 0 indicate density before the sewage effluents entered the stream; 

the gage values express density as the stream approached Pearl Harbor. 

The 50 percent exceedence values indicating the median count wer,e 

shown on each graph. The coliform standard for Class 2 waters, 1000 

organisms/IOO ml, was indicated on the total coliform graphs (Figs. 24 and 

25). The fecal coliform standard for Class 2 waters, 200 organisms/IOO ml 

was also indicated on Figures 26 and 27. 

The total coliform counts for the gage were much higher than at Station 

o. The same is true of the fecal coliform counts. The graphical probability 

indicated that the gage would have coliform and fecal coliform densities 

exceeding the Class 2 standard 86 percent to 97 percent of the time for both 

wet and dry weather. Station 0 would also have densities above the standard 

but by a lesser probability, 50 percent to 55 percent. 

There is no water quality standard for fecal streptococcus but there is 

some significance in the FC:FS ratio. There was a general increase in the 

fecal coliform and fecal streptococcus counts between Station 3 and the 

gaging station, as shown in Tables 5 and 6; however, the FC:FS (Figs. 30 

and 31) ratios for Station 3 and the gage (Table 7) showed no significant 

change at the gage. The FC:FS ratio at the gage had a 50 percent or 

greater probability of being ambiguous or indicating sources other than 

man of contamination (FC:FS < 4). 

The increase in the fecal coliform and fecal streptococcus counts 

between Station 3 and the gage combined with the probable ambiguity of the 

FC:FS ratio at the gage, could be an indication of contamination between 

Station 3 and the gage. There are a few residential dwellings just above 

the gage, whose residents could be illegally discharging their sanitary 

wastes. Reference to the residential dwellings was also made in the 

discussion ofBQ)D" since the BOD increased also between Station 3 and the 

gage. The MPN of 24,000/100 ml near the mouth of Waiawa Stream in 1957 

listed by Cox and Gordon (1970) would tend to add further confirmation of 

possible contamination from this residential area, since the Pacific Palisades 
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TABLE 5. FECAL COLIFORM/I00 ML BY STATIONS. ~ 
0 

STATION 
0 E 2A 1 2 3 G 

DRY WEATHER 

10/27/72 340,000 14,000 230 30,000 
11/17 3000 1 1 1 30 1 
11/24 1000 42,000 1 
11/29 1 1700 90 60 550 
12/06 1,000,000 20,000 2900 1500 2100 
12/13 6300 4200 1000 27,000 6600 
01/03/73 180 7300 100 680 
01/10 1800 TNTC 400 870 
01/17 100 900 300 2400 
01/30 1 3200 400 390 
02/08 1 2200 80 2200 
02/15 
02/22 210 2 1900 400 1500 
03/08 81 1 10,000 950 
05/04 490 320 790 150,000 
05/08 420 1 12,000 50,000 

WET WEATHER 

11/8/72 130 1 1 1 300 1 
12/20 200 30 300 400 360 5000 
OS/21/73 5600 25 1300 2500 7100 
OS/22 650 990 1100 4300 
OS/23 
OS/24 1 1 1 2400 3000 
OS/25 1 C 1400 540 800,000 ' 

C--CONFLUENT 
TNTC--TOO NUMEROUS TO COUNT 



TABLE 6. FECAL STREPTOCOCCUS/IOOML BY STATIONS. 

STATION 
0 E 2A 1 2 3 G 

DRY WEATHER 

10/27/72 9000 4200 800 1300 
11/17 70 1 1 1 30 500 
11/24 100 1 800 200 730 
11/29 1 1500 10 300 100 
1216 430,,000 2700 910 700 880 
12/13 170 1000 400 550 600 
01/3/73 73 4200 1200 3200 
01/10 62,,000 4800 1000 4400 
01/17 10 450 600 650 
01/30 10" 000 4700 1100 1800 
02/08 2 3600 2100 3200 
02/15 3900 2400 2600 90 
02/22 2700 1 9700 2800 1800 
03/08 780 1 1600 3200 
05/04 110 23 430 380 
05/08 850 1 1400 360 

WET WEATHER 

11/8/72 270 1 1 100 400 1900 
12/20 800 1 1 250 670 2000 
OS/21/73 4100 1 2800 1200 2400 
OS/22 520 1180 730 340 910 
OS/23 120 1 210 1 730 
OS/24 980 1 660 2000 12,,000 
OS/25 430 1 350 380 54 

.j>. 

f-' 
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TABLE 7. FC:FS RATIO BY STATIONS. 

STATION 
0 E 2A 1 2 3 G 

DRY WEATHER 

10/27 /72 38 3.3 0.3 23 

11/17 43 1 0.002 

11/24 10 52 0.005 

11/29 1.1 9 0.2 5.5 

12/06 2.3 7.4 3.2 2.1 2.4 

12/13 37 4.2 2.5 49 11 

01/3/73 2.5 1.7 0.1 0.2 

01/10 0.03 0.4 0.2 

01/17 10 2 0.5 3.7 

01/30 0.01 0.7 0.4 0.2 

02/08 0.5 0.6 0.04 0.7 

02/15 

02/22 0.1 2 0.2 0.1 0.8 

03/08 0.1 6 0.3 

05/04 4.4 14 1.8 395 

05/08 0.5 86 139 

WET WEATHER 

11/8/72 0.5 0.01 0.8 0.01 

12/20 0.2 30 300 1.6 0.5 2.5 

OS/21/73 1.4 25 0.5 2.1 3 

OS/22 1.2 1.4 3.2 4.7 

OS/23 

OS/24 0.01 0.002 1.2 0.2 

OS/25 0.1 4 1.4 100 
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sewage treatment facility was not in operation in 1957. 

SUMMARY 

Matsushita (1973) concluded that the stream parameters of his Kalihi 

Stream investigation compared very closely with those of other investigators 

in Hawaii. Table 8 compares data of other stream surveys with the data 

for Waimano and Waiawa Streams. 

In general, the results for Waimano and Waiawa Streams were comparable 

to those of the other investigators on an individual basis; however, 

Matsushita (1973) and Ching (1972) reported increases in parametric concen

trations during wet weather. Contrarily, the concentrations of the para

meters for Waiawa Stream and Waimano Stream tended to be higher during dry 

weather, decreasing during wet weather. 

The flows and drainage areas of study for Manoa Stream, Kali'hi Stream, 

and Waimano-Waiawa Streams provided an interesting contrast. The drainage 

area of Waiawa by itself is 4 to 5 times greater than Manoa or Kalihi, but 

the wet and dry weather flows for the three drainage areas vary within a 

narrow range as shown in Table 8. 

The increases in the parametric concentration during dry weather 

together with the small urban developed area within the Waiawa drainage 

basin points to the developed area as the source of the higher concentrations 

of stream parameters, specifically the effluent from the Pacific Palisades 

sewage treatment plant . 

. Halting the discharge of the sewage effluent into Waimano Stream may 

not improve the condition of the stream, since some other source may be 

causing the increase in the parametric concentrations. The Pacific Palisades 

Sewage Treatment Plant commenced operations January 12, 1962. A comparison 

of parameters at the gaging station previous to 1962 with the data of this 

investigation would give an indication whether the streams would return to 

their unaltered state. Unfortunately, data prior to 1962 was not available 

from the U.S. Geological Survey (USGS), nor could the USGS suggest any 

organization which would have the data desired. 

Waiawa Stream is an intermittent stream, yet its drainage area is vast. 

The developed areas within the Waiawa Stream drainage area represent but 20 

to 25 percent of the total land area, but the sewage flow from one such 

developed area, Pacific Palisades, was the source of perennial flow for the 



TABLE 8. COMPARISON WITH OTHER INVEST IGATIONS. 
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lower section of Waiawa Stream. However, even with the large drainage area 

and intermittent streamflow, self-purification occurred in the short distance 

from the point of sewage effluent discharge to the Middle Loch of Pearl 

Harbor. 

CONCLUSIONS 

1. The water quality of both Waimano Stream and Waiawa Stream were 

significantly altered from the control conditions at Station 0 and Station 

2A by the addition of the effluent from the Pacific Palisades Sewage 

Treatment Plant. 

2. Self-purification was being accomplished in Waimano and Waiawa Streams 

despite the short distances involved. The changes in DO, BOD, NH3-N, N02-N, 

N03-N follow the typical pattern expected of a free flowing receiving body 

of water. 

3. Wet weather and high flow tended to decrease parametric concentrations 

indicating the effect of dilution, however, parametric loads increased during 

wet weather due to the great increase in flow. 

4. Nutrient concentrations (nitrogen and phosphorus) exceeded the Water 

Quality Standards for Class A waters, except at the control stations, 

during wet and dry weather. The ultimate point of the flow of Waiawa Stream 

is the Middle Loch of Pearl Harbor which is designated Class A. 

5. Bacterial counts (total and fecal coliforms) exceeded the Water Quality 

Standards for respective Class 2 and Class A waters at all stations and for 

both wet and dry weather flows. 
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