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SYNOPSIS

This study of the baseline water quality in American Samoa covered
the effects of wet and dry seasons and a variety of tide and weather
conditions on the water quality and exchange characteristics of several
water classifications. To accommodate federal and local environmental
planning requirements, this study had three basic objectives: (1) to
statistically describe water quality characteristics and recommend
standards, (2) to describe the dynamic processes of Pago Pago Harbor
and recommend control measures, and (3) to evaluate the Tafuna outfall

area and recommend a general location for an expanded outfall,

The water quality measurements were statistically analyzed and
found to generally conform well to log~normal distributions. These
water quality test results were used to develop suggested statistical
water quality standards for TP, TN, and turbidity for both saline and
fresh water categories; chlorophyll-a and compensation depth values for
saline waters; and suspended solids and fecal coliform for streams.
Suggested water categories were ocean, open coastal nearshore, embay-

ment, streams, and a special category for Pago Pago Harbor.

Estimates based on measured concentrations and estimated flows
from the stream, canneries, and sewage discharge into Pago Pago Harbor
showed that three-fourths of the TP and TN inputs were from the waste=-
waters of the canneries. The results of the study of the Pago Pago
Harbor system also showed that a two-layer structure of water quality
and movement exists in the harbor. The upper layer is primarily influ-

enced by the wind, while the lower layer responds to the tide.

Current measurements in the Tafuna area showed a reversing tide-
related longshore current with net transport toward the southwest.
Mixing measurements showed good mixing energy in the area; therefore,
good dispersion after initial dilution can be expected. Current measure-
ments also showed a significant shoreward component within the Vai Cove
area. These observations led to the recommendation to locate any

future outfall diffusers outside of the cove on the southwest side.
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CHAPTER I

INTRODUCTION

Water quality has become an important factor in the decision-
making processes of governmental agencies and private enterprise. With
the institutionalization of envirommental quality considerations, it is
now legally necessary to examine the consequences of human activities

on the natural environment and on human health.

American Samoa (Figure I-l), as a territory of the United States,
is required to meet the provisions of the Federal Water Pollution Con-
trol Act amendments of 1972 (Public Law 92-500) and the Clean Water Act
of 1977 (Public Law 95-217). The general need for water pollution
control has grown with the territory's economy and population. To
satisfy this need and to comply with institutional requirements, the
American Samoa Government (ASG) has been pursuing various programs.
These include pollution control regulations and their enforcement,
water quality monitoring, the formulation of initial water quality
standards, and the preparation of a Wastewater Facilities Plan for
American Samoa (CH2M Hill, 1976).

As part of the American Samoa Water Resources Study, the U.S. Army
Corps of Engineers (Honolulu District) is providing technical assist~
ance to the ASG in the preparation of an areawide waste treatment
management plan for the territory, in compliance with Section 208 of
PL 92-500 (as amended by PL 95-217).

The Corps initiated its 208 assistance to American Samoa in 1978

By conducting the Wastewater Management Data Evaluation Study for

American Samoa (M&E Pacific, Inc., 1978). The overall purpose of that

study was to review the adequacy of existing water quality data and
related programs in the context of 208 planning and to identify speci=
fic needs, Among its principal findings, the 1978 study cited the
general lack of water quality data representative of American Samoa

waters, the need for water quality standards, and the need to quantify

I-1
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the effects of present and proposed discharges in Pago Pago Harbor and

the Tafuna sewage treatment plant ocean outfall area.

The need for water quality information and data in American»Samoa
is particularly necessary for two current ASG projects. The first of
these is the revision of existing water qualilty standards by the ASG
Environmental Quality Commission (EQC), where additiomal data would
provide a sound basis for numerical standards and improve their enforce=-
ability. The second project is the revision of the 1976 Wastewater
Facilities (201l) Plan recently initiated by the ASG Department of
Public Works, Additional information on background water quality and
exchange characteristics as well as an evaluation of the effects of the
present discharges would assist in the formulation and selection of
planned improvements that confront governmental agencies and private

enterprise.

STUDY PURPOSE AND OBJECTIVES

The purpose of the Baseline Water Quality Survey, American Samoca,
contracted to the firm of M&E Pacific, Inc. of Honolulu (Contract
No. DACW84-78-C-0015), is to gather and analyze receiving water quality
data for the Territory of American Samoa. These data will serve as a
basis for developing technical recommendations for specific wastewater

management needs.
The primary objectives of the study are defined as follows:

1. To statistically describe the background water quality char-
acteristics of the ocean, embayment, and stream waters of
American Samoa and -to recommend changes in the existing

receiving water'quality standards.

2, To estimate the mass emissions into Pago Pago Harbor (Fig=
‘ure I-2) and describe the dynamic processes of the harbor and
to evaluate the effects of existing discharges on the natural

ecosystem and the beneficial uses of this important water
body.
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3. To describe the water quality and transport characteristics
of the nearshore area in the vicinity of the existing Tafuna
sewage treatment plant outfall (Figure I-2) in sufficient
detail to recommend the general location for the planned out-

fall expansion.

SCOPE

The scope of this study involves a territorywide water quality
sampling survey designed to collect representative sets of data and to

conduct special studies in Pago Pago Harbor and near the Tafuna outfall.

The reliability of the water quality data collected was primarily

based on three criteria.

1, Statistical validity. Sufficient data points were collected
for each water body classification investigated to allow

reliable statistical descriptions for each parameter.

2, Temporal representation. Sampling trips were scheduled to
take into account tidal, weather, and seasonal variations in

American Samoa.

3. Spatial representation. Sampling locations were selected to
represent the horizontal and vertical water quélity varia-
tions of the different types of water bodies found in

American Samoa.

It should also be mentioned that the data collected are intended
to serve as a "baseline" for the ASG water quality monitoring program.

As more data are collected, the reliability of the results will improve.

Two field trips were undertaken to gather most of the required
data. The "wet" season characteristics were measured during February
and March 1979. The "dry" season measurements were made during July
1979, 1In addition to the samples taken by M&E Pacific, Inc., two sets
of samples from stream and Pago Pago Harbor surface stations were taken

by the staff of the ASG Environmental Quality Laboratory.

\
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Besides in-situ and laboratory water quality measurements, the
study involved the use of current meters, drogues, dye, and aerial
photographs to describe the current structure and mixing characteris-
tics at Tafuna and in Pago Pago Harbor. .The combination of tranmsport
and water quality constitutes the dynamic description necessary to
evaluate the cause and effect relationships of present conditions and

to predict the probable consequences of future actions,
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CHAPTER 11

SUMMARY AND CONCLUSIONS

This study had three general objectives. The first objective was
to statistically describe the baseline water quality characteristics of
the several water classifications in American Samoa in order to develop
suggested numerical values for revising and adding to the water quality
standards being proposed by the ASG Envirommental Quality Commission
(Appendix E). The second objective was to describe the water quality,
material input, and exchange characteristics of Pago Pago Harbor in
order to define effective measures to improve environmental conditions.
The third objective was to evaluate the vicinity of the existing out-
fall in the Tafuna area with respect to mixing, transport, and water
quality in order to suggest a general location for a new outfall and to
provide measurements that can be used to calculate initial dilution and
a zone of mixing once the expected effluent flow, the diffuser depth,

and the water quality standards have been defined.

BASELINE WATER QUALITY

The results of the water quality measurements in open ocean, near-
shore open coastal, embayment, Pago Pago Harbor, and stream waters were
statistically analyzed and found to generally conform to log-normal
distributions. The ocean water classifications have been defined in
the proposed standards_given in Appendix E. A discussion of the statis-

tical approach used in this study is included in the methodology chapter.

The in-situ measurements of temperature, salinity, dissolved
oxygen, irradiance, and fecal coliform showed that ocean and nearshore
open coastal waters were well mixed to at least 100 feet, while there
was, under regular tradewind conditions, a slight but persistent strati-
fication at 10 to 30 feet indicated in Pago Pago Harbor, This strati-
fication tends to break down with sustained wind stress from the

northwest or north. Irradiance energy measurements showed that the
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l percent incident light depth (an approximation of the photic zone,
which defines the depth below which there is insufficient light for
plant life) decreased from a geometric mean of 167 feet at the ocean
stations to a geometric mean of 26 feet at the three stations inside
Pago Pago Harbor. The dissolved oxygen (DO) levels in the open ocean
were below saturation, as is normal for nutrient poor tropical waters,
with higher values near the surface. DO levels increased in the near-
shore area and especially in the surface layer of Pago Pago Harbor due
to increased chlorophyll-a levels. However, DO levels remained gener-
ally low in the lower layer of Pago Pago Harbor and occasionally showed
very low values near the bottom in the inner harbor, even during late
afternoon, which is the time when DO levels are highest. Streams
draining primarily undisturbed areas had DO levels near saturation
vhile those with urban and agricultural influence occasionally had DO
levels around 50 percent of saturation. Since low and fluctuating DO
levels indicate a stressed condition, it is likely that these streams
and the inner Pago Pago Harbor area cannot presently support a diverse

biological community and may occasionally cause fish kills,

Fecal coliform were virtually absent at saline water stations.
Background streams showed low fecal coliform levels while urban influ-
enced streams frequently showed concentrations of fecal coliform far in

excess of the proposed standards.

Laboratory measurements conducted at the environmental quality
laboratory in American Samoa included pH, turbidity, and suspended
solids. As expected, the well-buffered saline water pH levels were
consistent, with geometric mean values between 8.2 and 8.3, Streams
showed lower pH levels, with geometric means between 7.4 and 7.5. 1t
is expected that other fresh water areés, such as lakes or marshes,
would have lower pH levels. Turbidity levels increased from around
0.18 NTU at open ocean stations to 1.06 NTU in the upper layer of the
inner harbor. The lower layer of the harbor was consistently low in

turbidity with levels of 0.25 NTU generally being maintained at least
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halfway into the inner harbor. Suspended solids did not show as pro-

nounced a trend as turbidity, presumbably because the turbidity=-causing
material is generally low density organic material. The turbidity and
suspended solids levels are in line with the observed photic zone depth

and indicate a stressed condition in Pago Pago Harbor not conducive to

a coral based ecosystem.

Measurements made on preserved samples at a laboratory im Honolulu
included total phosphorus, total Kjeldahl nitrogen, nitrate plus
nitrite nitrogen, and chlorophyll-a., The total phosphorus (TP) levels
were low in ocean and nearshore waters, with geometric mean levels
around 8 ug/l. These levels increased by a factor of two in the sur-
face layer of outer Pago Pago Harbor and by a factor of four in the
surface layer of the inner harbor. The lower layers had only slightly
lower but more variable levels of TP than the upper layers présumably
because TP is associated with suspended solids which sink, such as

clay, silt, and sand.

Total Kjeldahl nitrogen (TKN) levels had a similar pattern as TP,
except that the lower layer of Pago Pago Harbor did not exhibit any
significant increase from background open ocean levels. Possibly this
is because TKN is usually associated with organic material that does
not sink readily. The nitrate plus nitrite nitrogen (N03+N02,N)
results appeared to be somewhat inconsistent between the February and
July samples and showed unusually high variations in the normally
constant ocean samples. The potential effect of this uncertainty of
the nitrate plus nitrite nitrogen levels on the total nitrogen is on
the order of 10 percent, which ig acceptably low since it is within the
statistical uncertainty of about 20 percent. Future monitoring will

resolve the doubt in this measurement.

The chlorophyll-a levels were low for ocean and nearshore areas
but showed a high increase in the surface layers of Pago Pago Harbor.
The lower layer of the harbor also showed an increase but at a markedly

lower level. The chlorophyll-a levels in the upper layer of Pago Pago
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Harbor show high variability which is due to fluctuations in the resi-
dence time. With the ready supply of nutrients, it is probable that,
under calm wind conditions, the plankton population can increase to the

point where night time DO levels are too low to support fish life.

The urban and agriculturally influenced stream results showed a

definite increase in TP, TKN, and especially NO,+NO,,N levels above the

3772
levels in background streams. Of special note was the effect of road
construction activities on the turbidity and suspended solids, TP, and
TKN levels of the stream draining the "top mile" area. Effective
erosion control is necessary for road construction projects if damage

to reef areas and water quality are to be prevented.

The water quality test results were used to develop suggested sta-
tistical water quality standards for TP, TN, and turbidity, for both
saline and fresh water categories, chlorophyll-a and compensation depth
values for saline waters, and suspended solids and fecal coliform for
streams. The suggested water categories were ocean, open coastal near-
shore, embayment, streams, and a special category for Pago Pago Harbor.
It should be noted that adoption of the suggested Pago Pago Harbor

standards would require the relocation of the Utulei outfall and can-

nery discharges outside of the harbor before compliance could be

achieved.

It may be appropriate in future revisions of the standards to make
additional fresh water classifications for urban streams and marsh
areas as well as to include benthic biological standards for embayment

and nearshore open coastal areas.

PAGO PAGO HARBOR SYSTEM

The results of the study of the Pago Pago Harbor system showed
that there is a two-layer structure of water movement corresponding to
the two-layer water quality characteristics. The upper layer moves
primarily as a result of wind forces, while the lower layer responds to

the in and out movement of the tide. Exchange at the mouth of the
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harbor is influenced by the direction of the tide~related reversing

longshore current which possibly changes seasonally.

Stream, tuna cannery, and sewage input of total phosphorus and
total nitrogen to the harbor were estimated using measured concentra-
tions and estimated flows. Runoff could only be approximately esti-
mated because of the dearth of specific hydrologic information in the
Pago Pago Harbor drainage basin. The results of these estimates showed
that approximately three~fourths of the total TP and TN inputs to the
harbor from the land are from the tuna canneries' effluents. The
remaining 25 percent of the input is split approximately evenly between

the Utulei outfall and nonpoint stream flow.

Residence time. estimates based on estimated wind- and tide-related
transport agreed reasonably closely with those based on TP and TN input
rates. The overall average harbor residence time with respect to the
transition zone with the ocean is estimated to be in the range of 12,9

to 19.5 days.

Using the estimated residence times of the inner and outer harbor
upper and lower layers, it was possible to estimate the net phyto-
plankton growth rates for the various areas. The results showed that
the lower layer was very likely primarily light limited, while the
upper layer exhibited high growth rates especially in the inner harbor.
Considering the virtual uncontrollability of the residence time, it
would be necessary to significantly reduce the nutrient input if the
detrimental effects of excessive planktonic growth are to be controlled.
These detrimental effects include a reduction in the photic depth,
fluctuations in the DO level, and increased organic loading on the
bottom. The proposed criteria for acceptable nutrient concentrations
are included in the proposed standards. Since the majority of the
nutrient input is from the canneries, compliance with the proposed
standards means relocation of the nutrient containing cannery dis=

charges outside of the harbor.
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TAFUNA OUTFALL STUDY

The current structure in the Tafuna area consists of a reversing
tide-related longshore current with net transport toward the southwest
of around 5.5 em/second. Reversal was noted in the directions of the
ebb- and flood-related flows between the February and July measurement

periods. Possibly, this reversal is seasonal.

The drogue, dye, and current meter measurements showed a signifi-
cant shoreward component within the Vai Cove area. There also appeared
to be an enhanced longshore flow around the southern point of that
cove. These observations led té the recommendation to locate any

future outfall diffusers outside of the cove on the southwest side.

Dye dispersion measurements showed good mixing characteristics in
the area, which was, as expected, significantly higher than inside Pago
Pago Harbor. -Because of partial confinement, the dispersion coeffi-
cient increase with scale was not quite as theoretically predicted for
open ocean conditions, Good dispersion after initial dilution can be

expected in this area.

The fecal coliform disappearance rate, T90, as measured at the
Utulei outfall inside Pago Pago Harbor was around one hour. It is

possible that a shorter T_ ., exists in the clearer waters off Tafuna;

90
however, chlorination facilities should be provided for any new dis=

charges in the area.

RELEVANCE TO THE 208 PLANNING PROCESS

The results of this study are directly applicable to the Sec-
tion 208 planning proceés being conducted by the ASG Development
Planning Office. The proposed water quality standards, as based on the
measurements made during this study, are in line with the approach

outlined in the Wastewater Management Data Evaluation Study for

American Samoa (M&E Pacific, Inc., 1978). The results of the Pago Pago

Harbor study included in this report support the evaluation in the 1978
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study of the importance of erosion control and the need to limit nutri-

ent input to embayments.

The Tafuna outfall area evaluation expands on the Section 201
study by CHZM Hill and ties into the general wastewater management plan

for American Samoa being refined by the Development Planning Office.

Support is given by the fecal coliform and other stream measure-
ments made in this study to the recommendations in the 1978 report that
nonpoint sources be controlled so as to minimize detrimental effects on

stream waters.

The continuing monitoring program recommended in the 1978 report
remains generally applicable, except that the initial monthly sampling
schedule is no longer necessary because of the baseline water quality
data developed in this study. Because of the changes in the proposed
water quality standards, the parameters of the proposed monitoring
program would be changed by the deletion of total coliform and the
addition of chlorophyll-a if the standards are adopted. Consideration
should also be given to revising the sampling locations of the monitor-

ing program to those established in this study.
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CHAPTER III

METHODOLOGY

The field and laboratory measurements as well as thé calculation
techﬁiques employed in this study have been developed and utilized over
a period of several years for similar studies on several Pacific
islands (Hawaii Kai outfall, 1972; Kauai water quality, 1973; Kaneohe
Bay, 1976; Hilo Bay, 1977; Ponape, 1978; Palau, 1978; Majuro, 1979, and
Saipan, 1979). The general approach consists of the use of standard
laboratory analyses combined with field adapted sampling and measure-
ments techniques. The calculations were performed by statistical

computer programs and other techniques appropriate to each investiga-

tion.

Where applicable, Standard Methods (l4th Edition) methods or EPA

methods were employed for the chemical analyses. Since some of these
methods were not designed for sea water, however, it was necessary to
adapt the appropriate sea water methods reported by Strickland and

Parsons (1968) for routine use.

The field methods used in this study have evolved to fulfill the
data gathering and calculation requirements in the context of rela-
tively remote areas and for use on small boats. Of necessity these
methods must be flexible enough to accommodate local limitations and
adverse weather conditions while still being reliable. It is generally
necessary to transport a considerable amount of equipment to the study
area to fulfill these requirements. Fortunately, the ASG environmental
quality laboratory in American Samoa was available for use during this
study, thereby adding greater versatility and increasing the humber of

analyses that could be performed without delay.

The water quality data were statistically analyzed primarily on
the basis of log-normal distributions (discussed later in this chapter)

since this type of distribution has been noted to generally match the
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natural variation of many water quality parameters. Practical calcula-
tions using dye data were developed to describe mixing coefficients as

based on Fick's Law (A. Fick, 1855).

The dry and wet season water quality data were grouped for similar
stations in order to provide a statistical description over both time
and space. The station locations are shown on Figures III-1 through

I1I-4, and the categories selected and station numbers are summarized
in Table ITI-1.

The specific methods used during this study are described in the

remainder of this chapter,

WATER QUALITY MEASUREMENTS

Measurements of various water quality parameters for American
Samoa waters were generally made twice during each of wet and dry
season trips at each of the ocean, embayment and stream stations. Some
parameters were measured directly in the field, others were measured on
water samples brought from the field to the public health water labora-
tory in the LBJ medical center in American Samoa, and some were mea-
sured on preserved samples sent to Honolulu for analysis. In order to
increase the statistical base, two additional sets of samples were
taken at the stream stations and at the surface of the Pago Pago Harbor
stations in May 1979 by the staff of the environmental quality labora-
tory. Due to boat breakdowns, three, rather than four, sets of samples

were taken from Stations 14, 15, 16, and 17,

Sampling Procedures

Sampling of ocean and embayment waters using a Van Dorn éampler
was performed at 19 stations as shown on Figures III-1 to III-4,

One~gallon samples were taken at depths of 3 and 60 feet, except at

Station 13, where the bottom sample was from 30 feet due to the shallow"

depth, Separate samples for o0il and grease analysis were taken at

Stations 8 through 13 by skimming 500 ml from the surface.
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TABLE III-1

STATION LOCATIONS

Category Station Number
Saline
Open Ocean 1, 14, 16, Tau, Ofu and Dumpsite 1
Open Coastal Nearshore 2, 3, 4
Embayment 15, 17
Transition Zone 5
OQuter Pago Pago Harbor 6, 7, 8, 9, 10
Inner Pago Pago Harbor 11, 12, 13
Streams
Background Maloata (1), Leone Falls (4),
Upper Vaitele (5)
Urban and Agricultural Poloa (2), Asili (3), Auasi (6),
Influence Leloaloa (8), Pago Pago No. 1 (9),

Pago Pago No. 2 (10), Fagatogo (11),
Fagaalu (12) :

Road Construction Effects Aua (7)
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Fresh water samples were taken at 12 streams on Tutuila (Fig-
ure III-5)., The streams were selected to represent undeveloped, urban
land use and road construction effects as well as to serve as a data
base for mass emission into Pago Pago Harbor. Stream samples were
taken above the tidal influence. No stream sampling was conducted in

Manu'a because there are no perennial streams.

Field Measurements

Salinity was measured using a Kahlsico Salinometer with a 100-foot

probe. In order to detect any stratification, measurements were taken

at the surface, 5 feet; 10 feet, then at every l0-foot interval to a

depth of 100 feet or, if shallow, to the bottom.

Temperature readings for seawater stations were taken simultane-

ously with salinity measurements using the same instrument, For stream
wateré, temperatures were obtained using the dissolved oxygen meter or

a mercury thermometer,

Dissolved oxygen concentrations were measured using a Yellow

Springs Instruments Co., Inc. (YSI) Model 57 oxygen meter calibrated
with oxygen saturated fresh water. Measurements were made at depths of

3 and 60 feet for sea water stations.

Irradiance measurements were made using a Hydro Products
Model 620 A irradiance meter. The percentage of incident light at
various depths was determined by comparison of the readings of a sur-
face and a subsurface photometer. Measurements were made at regular
intervals (usually every 10 feet) until the one percent incident light
energy level was reached., This level is usually considered as the
depth of the compensation level below which no significant photosyn-

thetic activity occurs.

Fecal coliform counts were obtained using Millipore filter field

kits and a Millipore portable water bath incubator. Cultures were
innoculated in the field, with subsequent incubation in the laboratory.

The T,, test (time required for an expected 90 percent die-off of fecal

90
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coliform) was performed using serial dilutions of the timed samples
from the Utulei outfall plume. The "Membrane Filter Method" as

described in Standard Methods for the Examination of Water and Wastewater

was used. Sea water samples were diluted with sterilized tap water to

minimize any excess salt effects.

Laboratory Measurements Conducted in American Samoa

pH was measured at the American Samoa envirommental quality labora-
tory using an Orion Research Ionalyzer Model 407A specific ion meter

calibrated with appropriate pH buffer solutions.

Turbidity was measured using a Hach Chemical Co. Model 2100 A
Turbidimeter with turbidity standards relative to the Nephelometric
Turbidity Unit (NTU).

Suspended solids tests were conducted according to Standard Methods,

l4th edition. In addition, the filters were thoroughly rinsed with

distilled water to remove any residual salt after the salt water sample

was filtered.

Chlorophyll~a was determined according to the method described by

Strickland and Parsons in A Practical Handbook of Seawater Analysis

(1968). Two thousand ml portions of sample were filtered through GF/C
glass fiber filters and the filters placed in 100-ml nalgene bottles
containing 50 ml of 90 percent acetone. The nalgene bottles were
packed in ice and air freighted to Honolulu in styrofoam containers
vhere they were analyzed using a centrifuge and spectrophometer, The
chlorophyll-a content was calculated according to the Strickland and

Parsons formula,

LABORATORY MEASUREMENTS CONDUCTED AT THE M&E PACIFIC LABORATORY IN

HONOLULU

With the exception of the analyses for chlorophyll-a and oil and
grease, all analyses were conducted in duplicate. Demineralized tap

water was used for all distilled water needs.
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The samples for the analyses of TKN, NO,+NO,, TP, C1™, and oil and

’
grease were preserved with sulfuric acid to a pH3under two in 500 ml
nalgene wide-mouth bottles. These sample bottles were packed with ice
in styrofoam ice~coolers then shipped to the laboratory in Honolulu via
air freight. Chlorophyll-a samples were also packed in these styrofoam
coolers. Once transported to the laboratory, samples were immediately

stored in a refrigerator maintained at a temperature of 4°C.

Total Kjeldahl Nitrogen

The method described by Strickland and Parsons in A Practical

Handbook of Seawater Analysis was followed with the following modifi-

cations. Digestion of samples was complete after all "smoke'" cleared
in the 125 ml erlenmeyer flasks., The addition-of 11-ml of the develop-
ing solution for seawater samples consisted of this ratio; 100 ml NaCH
(330g/ 2,000 ml), 10 ml KBr (1.5g/250 ml), and 0.75 ml of 1.5 N hyper-~
chlorite. The developing period was 3.5 hours. For the fresh water
samples, the developing solution consisted of this ratio; 100 ml NaOH,
10 ml KBr, and 1.5 ml of 1.5 N hyperchlorite. The developing period

was 1.5 hours.

Nitrate Plus Nitrite Nitrogen

The cadmium reduction column method of Strickland and Parsons was
used, To maximize the reducing power of cadmium, samples were filtered
through GF/C glass fiber filter papers, which retain particles in the
semi-colloidal range, before passage through the reduction columns.
Duplicate blanks and triplicate standards were passed through each of
the two columns used for each day on which the columns were used.
Experience has shown that the concentration of nitrite-nitrogen in
offshore waters was low compared to nitrate-nitrogen. Hence, the

nitrite-nitrogen was not measured separately.

Total Phosphorus

The "Single Reagent Method" as described in the Manual of Methods
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for Chemical Analysis of Water and Wastes, Envirommental Protection

Agency, 1974, was used for total phosphorus determinations for seawater
and estuarine waters, Boiling glass beads were used to prevent bumping

and to make evaporation of samples smoother,

Chlorides

The "Mercuric Nitrate Method" as described in Standard Methods for .

the Examination of Water and Wastewater, l4th edition, 1975, was used

to determine the chloride concentrations in water samples.

0il and Grease

The "Separatory Funnel Extraction Method" as described in the EPA

Manual of Methods for Chemical Analysis of Water and Wastes was used.

Chlorophyll-a

The pigments were allowed to extract at 4°C in a refrigerator for
at least two days instead of about 20 hours as described by Strickland
and Parsons. The longer extraction period was designed to compensate
for the fact that filters were not ground up for more efficient extrac-
tion. Magnesium carbonate was not added to the samples before filter-
ing because work on samples for chlorophyll-a was started at the
earliest possible time and was therefore not required. Instead of
using 10 ml extract, 50 ml was used because of the use of 10 cm cells,
vhich hold about 25 ml of sample. To correct for evaporation during
extraction, the volume of the extract was measured just prior to

10-minute centrifugation and measurement on the spectrophometer.

CURRENT MEASUREMENTS

Currents were measured by the use of current meters and drogues.

Current Meters

Endeco Type 105 current meters were installed at the division line

between outer Pago Pago Harbor and the transition zone during both the
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wet and dry season sampling trips (Figure III-4). The meter depth at
this location was 30 to 35 feet. A typical installation configuration
for this type of meter is shown on Figure III-6, The anchor for the
mooring line was placed by divers at a depth of 75 feet. This meter is
an axial flow, ducted impeller recording meter designed for continental
shelf and estuarine environmental monitorinmg. It was specifically
selected because it is capable of measuring very low current veloci-
ties. In addition, this type of meter is not overly sensitive to
surge. The meter was set to record the current speed and direction at
30-minute intervals and was in place for 21 days during the wet season
monitoring period and 17 days during the dry season period. The speed
and direction data were recorded on 16 mm film for subsequent data
retrieval. Possible interference with the sensitive rotor by the
growth of attached marine organisms was effectively eliminated by
antifouling paint. The shorter period of record during the dry season

was the result of heavy wave action breaking the anchor chain.,

The same type of Endeco meter was installed at the Tafuna study
area during the dry season (Figure III-3). The meter depth was about
30 feet, with the anchor placed at a depth of 65 feet. The period of

record at this location was 20 days.

Drogues

The type of drogues used to track currents in both Pago Pago
Harbor and the Tafuna STP outfall site are shown on Figure III-7. The
general procedure was to release drogues at three depths. Tracking was
accomplished using a small boat and a sextant and measuring two angles
among three landmarks. These data would then be used to plot drogue
vectors. A wind correction factor was applied for all subsurface

drogues.

- In inner Pago Pago Harbor, three sets of drogues, set at the
surface, 10-foot, and 100-foot depths, were released along an imaginary
line between Goat Island Point and Lepua Light to describe the exchange

‘between the inner and outer harbor.
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The same was .done for the outer harbor along a line connecting
Breakers Point and Niuloa Point. This procedure was repeated on four
separate occasions in order to measure currents under both flood and

ebb tides and varying wind conditions.

For the Tafuna STP outfall site, three drogues were released (at
the surface, at 15 feet, and at 30 feet) on four occasions in order to

estimate the transport of an effluent plume.

MIXING MEASUREMENTS

Dye studies were condﬁcted on two occasions during the wet season
trip and once during the dry season directly below the tramway in Pago
Pago Harbor to determine the dispersion and mixing characteristics of
the inner harbor area. The tramway runs directly over the canneries,
One set of dye measurements was also made at each of the current meter

locations in outer Pago Pago Harbor and at Tafuna.

The general proéeduré involves the release of two pounds of
Rhodamine-~B dye from a boat. Vertical aerial photographs (slides) are
then taken of the expanding dye patch with the time after dye release
noted. The scale of the photographs is given by the dimensions of the

boat or by markers placed a known distance apart.

The resulting slides are then projected on a sheet of paper and
the outline of -the dye patch traced. The area of the patch for each

timed photograph is then determined using a planimeter,

The horizontal dispersion coefficient is then calculated using the

definition developed by Brooks (1960) based on Fick's First Law:

2
19

dt

ko= 4
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Where k = dispersion coefficient
t = time
= standard deviation of the tracer concentration

distribution

Using the assumption that 4 is approximately equal to the

average horizontal dimension of the patch and using the Brooks (1960)

definition of scale, L = 2\[;CT, Fick's First Law can be integrated

to give a working definition of the dispersion coefficient;

4 -
O.O;(AA Al)

k = '1‘2 - T1
where k = dispersion coefficient (ftz/sec)
A2 = area of dye patch at time = T2
Al = area of dye patch at time = Tl

The gofresponding scale is given by L, which is approximated by
the square root of the average dye patch area for the period in ques=

tion; i.e.:

" The resulting relationship between scale and dispersion coeffi-
cient can then be plotted on log-log paper and compared to Richardson's
law (L.F. Richardson, 1926) for an infinite ocean; i.e.:

kK = a L4/3

It should be noted that the use of aerial photographs for this
determination is only valid for 30 to 35 minutes after the dye is
released. After that time the edges of the dye patch become too

indefinite to be readily identifiable.

II1-17



STATISTICAL DATA EVALUATION

Statistical descriptions are necessary when the data exhibit a
wide range of values that cannot be reliably described by a single
value, The statistical calculations used in this study to describe the
water quality characteristics of the several water classifications were
based on the log-normal cumulative distribution. This type of distri-
bution has been observed by numerous investigators to satisfactorily

describe envirommental water quality data.

The use of a normal distribution (the familiar bell-shaped curve)
is applicable, among other things, to describing the results of repeti-
tive trial measurements on a single sample. Such a distribution is
characterized by being umbounded on both sides and symmetrical about
the arithmetic mean. The log-normal distribution, which is used for
envirommental data, is a normal distribution of the logarithms of the
data points rather than their direct numerical values. A log-normal
distribution is characterized by being bounded by zero on one side and
by being skewed toward the lower values, The arithmetic mean of such a
distribution is always larger than the median, which is always larger
than the modal value. The arithmetic mean is, of course, what is
commonly called the "average," which is determined by adding up all of
the data and dividing by the number of data points. Half of the data
points are less than the median value and half are larger. For a
log-normal distribution, the median is equal to the geometric mean,
which is calculated by finding the average of the logarithms of all of
the data points. The modal value is the single most common value of

the data set,

A cumulative distribution of a data set of n numbers is determined
by ordering that set from the smallest to the largest values and then
numbering the ordered values in sequence from 1 to n. The cumulative
distribution function, F(i), is then calculated for each number by

using the formula
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p(i) = A= 12

where i is the sequence number. The cumulative distribution can then
be obtained by plotting F(i) versus the data values., If such a plbt
forms a straight line on log-probability paper, then the data set is
log-normally distributed and the central tendency is best described by
the geometric mean value, The slope of the line of such a plot is
indicative of the variability of that data set. That variability in
the log-normal distribution is numerically expressed by the geometric
standard deviation which, unlike the more familiar plus and minus value
of the arithmetic standard deviation, is a unitless factor that is used
to multiply or divide the geometric mean value to define the one stand-

ard deviation range around the geometric mean.

The confidence that can be placed in the reliability of a data set
increases with the square root of the number of data points. Since all
of the data points in a set go into defining the geometric mean, that
confidence is greatest for the geometric mean value and progressively
less on either side. The confidence is also dependent on the vari-
ability of the data. With the conservative assumption that the mea-
sured values of the distribution of environmental water quality data
are log-normally distributed around the "true" values, the following
formula can be ‘used to calculate the confidence interval at any point

in the distribution:

. W) (G))

Confidence interval at F = exp nC * :

() e T [T R - 50
- A V" 50

Where: ¥(e) cumulative distribution function percent frequency

C “true"™ concentration at F
F(c) (c)

Om

standard deviation of the normal distribution of InC
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=}
n

number of samples

normal distribution factor from statistical tables
related to the desired confidence interval (1.96 for
95 percent and 1.04 for 70 percent)

c
]

The use of this formula with the characteristics of the observed
data in American Samoa leads to the general recommendation that it
takes about 24 data points randomly taken over both time and space to
be 95 percent confident of being within about 20 percent of the true
geometric mean value for nutrient, turbidity, and chlorophyll-a meas-
urements., More points are needed for more variable parameters such as -
fecal coliform in the streams, while fewer would suffice for such rela-

tively constant parameters as pH and dissolved oxygen.

The theoretical random sampling requirement over both time and
space is difficult to comply with in a strict sense but can be reason-
ably approximated by designing a sampling program that covers the main
temporal factors of season, tide, and weather and the horizontal and
vertial spatial distribution of sampling stations. This means that a
regular time and space sampling pattern is imposed on the assumed
generally random condition of the real world. The results of this
study appear to support this approach in that the statistical evalua-
tion of the data generally showed well=-defined log-normal distributions

for almost all parameters for each of the water classifications.
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CHAPTER IV

BASELINE WATER QUALITY

The rationale for baseline water quality data gathering and evalua-
tion in American Samoa is to statistically describe the ecologically
important parameters for representative areas at representative times.
With this approach in mind, water quality stations were selected,
parameters were chosen, and a sampling and measurement program was

designed.

The spatial distribution of water quality stations, as shown in
Chapter I1I, was designed to provide data for the major classifications
oﬁ waters in American Samoa, open ocean, nearshore, embayments, outer
and inner Pago Pago Harbor, and streams. The ocean classifications
conform to the descriptions in Appendix E (Draft Water Quality Stand-
ards for American Samoa). Emphasis was placed on Pago Pago Harbor
because this is a special study area with the most apparent water
quality problems. The stream sampling stations were selected to give
information on background stream water quality (Maloata, Leone Falls,
and Upper Vaitele), the effect of road construction (Aua), as well as
urban and agricultural influence (the remaining eight stream stations).
The sampling locations for each of the urban-agricultural influence

streams were just above the areas of tidal influence.

‘The temporal sampling and measurement schedule of the water
quality parameters was designed to generally cover what are believed to
be the major influences on water quality, the wet and dry season, ebb

and flood tide, and a variety of wind conditions.

The sampling program, although not strictly conforming to random~
ness as called for by statistical theory, yielded results that can be
confidently described by log-normal distributions as shown in the
methodology chapter. Since log-normal distributions of environmental
measurements have been observed by numerous investigators using much

larger data bases, such conformance by the water quality data for
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American Samoa is an indication that a valid description of the base-

line water quality characteristics has generally been achieved.

PARAMETER SELECTION

The selection of ‘parameters to describe envirommental water
quality should take into account the factors of health, aesthetics,
ecological importance, and measurability. The number of parameters
should be the minimum necessary to describe the water quality. In
addition, the types of possible control measures that might be applied
to alleviate a stressed condition should be taken into account when

selecting the types of parametersAto be included in the standards.

Human health concerns have traditionally been measured by using
coliform bacteria as indicator organisms. Because the fecal coliform
test is more closely correlated with enteric disease-causing organisms
and has little interference from common soil bacteria, it is preferred
over the total coliform test for stream and ocean waters. Although
other indicator organisms, notably fecal streptococci, have been sug-
gested, they do not have as extensive a data base as fecal coliform

and, consequently, would be less useful in detecting historical trends.

Aesthetic considerations in water quality include water clarity,
floatables, color, odor, and a healthy, diverse biological community.
Water clarity is indicated by turbidity, suspended solids, and irra-
diance. Unfortunately, no consistent, routine test is available for
floatables. In part, color is indicated by the chlorophyll-a concen-
tration, The dissolved oxygen concentration is a reasonably good
indicator of the odor-causing potential of a body of water. The bal=-
ance of an aquatic biological community is partly indicated by the

dissolved oxygen and chlorophyll-a content.

Parameters that measure ecologically important aspects of water
quality can be grouped into three general categories. The first group
are those that define physical and chemical boundary conditions such as

temperature, salinity, pH, dissolved oxygen, light penetration, and
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turbidity. Except for turbidity, these parameters generally do not
exhibit a large variation and can be described by a narrow range of
values. The second group consists of toxic substances such as heavy
metals and pesticides, which do not occur at high concentrations under
natural conditions and which are generally associated with industrial
effluents and large drainage areas. Unless there is an active source

of such toxic substances, there is little need for routine measurements.

The third general category is comprised of biostimulants that
might act at any level in the trophic pyramid. The rate of photosyn-
thesis can be stimulated by the addition of the rate limiting nutrient,
which might be nitrate or ammonia nitrogen, orthophosphate, silica, or
any number of such micronutrients as some metals or vitamins. Tropical
sea waters such as those found around American Samoa are generally
nutrient limited (primarily nitrogen and phosphorus) and consequently
have very low phytoplankton concentrations. The addition of these
nutrients from point or nonpoint sources increases both the rate of
phytoplankton growth and the concentration that can be sustained.
Because such selective stimulation results in a greater production of
organic material than is being used up by respiration, the result is an
accumulation of organic material; a process that is called eutrophica-
tion. Other trophic levels can also be stimulated selectively, such as
the stimulation of bacterial decomposition by high organic loading
(BOD), or the stimulation of certain fish species by the discharge of
particulate organic material. Such stimulation is generally undesir-
able since it usually serves to unbalance an ecosystem that has

achieved equilibrium within the local boundary conditions.

The effect of nutrient addition is not manifested immediately
since growth requires time., The longer residence time in embayments
provides such an opportunity for the phytoplankton (indicated by
chlorophyll-a) to respond to discharges of nutrients. The same dis~
charges in an open coastal area will genmerally have no discernible
effect because the exposure time, before dilution and transport have
reduced the nutrient concentration, is too short for any significant

growth response.
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The variability with time also enters into the selection of total
nitrogen (i.e., total Kjeldahl nitrogen plus nitrate and nitrite nitro-
gen) and total phosphorus (orthophosphate plus organic and reduced
phosphorus) as the nutrient parameters for the proposed standards.
There is sufficient time for biological action to change one form of
nitrogen or phosphorué to another. Several studies in lakes have
confirmed this condition by noting that there is a much better correla-
tion between total nitrogen or total phosphorus and chlorophyll-a than

between nitrate or orthophosphorus and chlorophyll-a.

The approach of using total nitrogen and total phosphorus is sup-
ported by the consideration of a practical control strategy. It would
be very ineffective to only limit ihe discharge of ammonia, nitrate,
and orthophosphate while allowing the discharge of organic nitrogen and

organic phosphorus.

It is undesirable for maintaining a balanced ecosystem and continu-
ing the nursery function as well as when considering the traditional
reef fishing and gathering practices in Samoa, for eutrophication to
occur in embayments. The results of excess planktonic growth include a
reduction in the photic zone, an increase in the organic loading on the
bottom, and a large daily fluctuation in the dissolved oxygen. These
conditions contribute to the decrease of a healthy reef community and
can cause fish kills. Other contributing factors to the decrease of
the reef community include high sediment loading from erosion and reef

flat filling operations.

EXISTING WATER QUALITY

The quality of the ocean and stream waters in American Samoa is
very high in those areas away from direct urban, agricultural, and
industrial influences. Urban stream waters and the dilution zones of
point discharges show the greatest influence of human activities on
water quality. Some of these areas can be identified as being in
undesirable conditions from health, aesthetic, and/or ecological con-

siderations. The sampling and measurement program used in this study
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was designed to describe both the background water quality away from
significant human influence and the effect of human activities on

stream and embayment water quality.

All of the water quality data gathered during this study are given
in Appendix A, The results of statistical analyses of the various
water categories are presented in Appendix B, including the cumulative
distribution function for each. Summaries of the statistics of each

parameter are discussed in this chapter,

Fecal Coliform

The statistical summary of the fecal coliform data is given in
Table IV-1. As expected, these results show that fecal coliform are
generally absent in sea water enviromments. This is due primarily to
the bacteriocidal effect of the sea water environment and secondarily
to the dilution and transport characteristics. Background streams show
a moderate number of fecal coliform that might be primarily attribut-
able to bird and animal effects. The streams with urban and agricul-
tural influence, however, show significant fecal coliform concentrations.
This is illustrated on Figure IV-1 on a log-normal probability plot.

It might be nofed that even though there is a variation of more than
four orders of magnitude there is reasonably good conformance to a
log-normal distribution. The results indicate that presently the urban
influenced streams far exceed the proposed fecal coliform standard
(Appendix E) of a geometric mean of 100 per 100 ml and consequently may
constitute a health hazard. Further efforts to repair or replace
faulty éewage disposal systems and eliminate human and animal sanitary

waste disposal into streams are necessary to reduce the fecal coliform

levels.

pi

The pH level (Table IV-2) of sea water changes very little because
of the naturally high buffering capacity. Hence, the sea water stand-
ards should reflect this narrow range; 7.9 to 8,6 is supggested for both

the embayment and ocean waters. The pH of fresh water is lower and

AN
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more variable than that of sea water because of the lower buffering
capacity. The range proposed by the ASG of 6.0 to 8.0 appears appro-
priate. .

Dissolved Oxygen

The DO levels for the various water categories are given in
Table IV-3., The proposed ASG standard of at least 80 percent satura=-
tion is exceeded a significant percentage of the time in the bottom
layer of inner Pago Pago Harbor and in urban influenced stream waters.
These conditions are due to excessive organic loading into the streams
and harbor., The situation is exacerbated by the stratification in Pago
Pago Harbor and the generally low exchange rate, Alleviation of low DO
conditions involves the reduction in direct organic loading from point
and nonpoint sources as well as a reduction in the addition of nutrients
to Pago Pago Harbor. The nutrients increase the growth rate of phyto-
plankton which are then able to achieve excessive concentrations because

of the long residence time in the harbor.

Turbidity

The statistical summary of the turbidity measurements is given in
Table IV=4 and the ocean, outer Pago Pago Harbor, and inner FPago Pago
surface data are illustrated on Figure IV-2, The geometric mean values
reflect the high clarity of the nutrient poor ocean waters off American
Samoa as well as the lack of stratification (at least down to a depth
of 100 feet) of ocean, nearshore, and embayment waters. However,
stratification is indicated for Pago Pago Harbor, with the more turbid
surface layer (down to a depth of 10 to 30 feet) distinctly different

from the clearer lower layer. The generally greater variability in

. water clarity as one approaches closer to shore is illustrated by the

corresponding increasing slopes of the log-normal distributions on
Figure IV-2, It should be noted that, when the wind direction is from
the west or north, the surface layer in Pago Pago Harbor is transported
out, upwelling occurs at the upwind shoreline, and the stratification
tends to break down. The resulting greater surface clarity allows

[N
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deeper light penetration and increased phytoplankton growth at lower
levels., This condition resulted in most of the higher turbidity values
in the lower layer of the inner harbor as well as the high variability.
Under regular tradewind conditions the lower layer remained very clear

at least to station 12.

The stream turbidity values show the influence of urban and agri-
cultural activity by a doubling of the turbidity above background.
stream values. Of particular note is the factor of 12 increase in
turbidit§ due to road construction. These data confirm the observa-

tions made during the Wastewater Management Data Evaluation Study for

American Samoa, 1978, that road construction is the single greatest

source of nonpoint erosion and that more effective controls are required.

Suspended Solids

The suspended solids levels for sea water appear to be fairly
constant with geometric mean values between 1 and 2 mg/l as shown in
Table IV-5, It is noteworthy that, as in the case of turbidity, the
suspended solids are higher in the surface layer thanm in the bottom
layer of Pago Pago Harbor but that station 5 in the transition zone
shows mére uniformity and perhaps more suspended material in the lower
layer. Possibly because of salinity interference, the suspended solids
test appears not to be as sensitive as the turbidity test in sea water.
Table IV-5 also clearly shows the effect of urban influence and especi-

ally road construction on the suspended solids content of streams.

-

Irradiance

- The summary of irradiance data given in Table IV-6 and illustrated
on Figure IV-3 shows the decreasing depth of the photic zone as one
moves closer to shore and into Pago Pago Harbor. In addition, the
greater variability of the photic zone depth is indicated by the geo-
metric standard deviation. These results show that in inner Pago Pago
Harbor photosynthesis is largely confined to the upper 1ayer; while in
the outer harbof photosynthesis and coral growth can occur some dis-—
tance into the lower layer. The dissolved oxygen, turbidity and

chlorophyll-a measurements correspond well with the irradiance results.
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Total Kjeldahl Nitrogen

The statistical summary of the organic plus ammonia nitrogen (or
TKN) concentrations in saline and stream waters of American Samoa is
given in Table IV-~7, The cumulative distributions of TKN in ocean and
Pago Pago surface waters are shown on Figure IV-4, while background and
urban influence stream levels are illustrated on Figure IV=5, The
geometric mean TKN values for ocean, nearshore, embayment and lower
layer Pago Pago Harbor waters are very similar. Nitrogen addition to
the harbor appears to be concentrated in the upper layer, presumably
because point and nonpoint sources have low salinities. The effect of
urban and agricultural activities increases the TKN of stream waters a
relatively modest 19 percent, and the increase due to road construction
is about 46 percent above background stream levels. A note of caution
should be made concerning the low number of points used in some of
these statistical analysis and the corresponding wide confidence inter=-
val., With this in mind, the results given for the transition zone and
road conmstruction streams should not be given as much weight as the
other categories. The degree of confidence is proportional to the

square root of the number of samples.

Nitrate Plus Nitrite Nitrogen

The results of the N03+NO2 nitrogen analysis (Table IV-8) show an
unusually high amount of variation for saline water, as illustrated by
the high and variable geometric standard deviations. In addition, the
concentrations of NO3+NO2 nitrogen in saline waters appear to be signi-
ficantly higher than expected from experience in Hawaii and other
Pacific Islands. Whether this is the actual condition or the result of
possible sample contamination, some unknown preservation error or
analytical difficulty is not known at this time. The possible degree
of uncertainty that the nitrate plus nitrite values may have on the
total nitrogen values in saline waters is relatively small, around

10 percent, compared to the general statistical variability of the
total nitrogen measurement. A continued monitoring program will

resolve any questions regarding the nitrate plus nitrite values in

LY
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saline waters. It is believed, however, that the fresh water sambles
(stream and effluent) gave reliable results. As expected, the urban
and agricultural influence streams showed a greater variation in
N03+NO2 nitrogen than the background streams, probably due to waste
disposal and agricultural drainage. The geometric mean values show an
increase by about a factor of three for urban, agricultural and road

construction effects above background stream levels.

Total Phosphorus

The statistical summary of total phosphorus (TP) data is given in
Table IV-9 and illustrated for ocean and surface harbor waters as well
as background and urban streams on Figure IV-6. The high geometric
standard deviation for ocean surface waters is believed to be an arti=-
fact of the chemical analysis. Some of the ocean TP concentrations
which are close to the limit of detection and in the vicinity of the
distilled and deionized water blanks give results that tend to be in
error on the low side. This condition is illustrated on Figure IV-6 by
the group of five low points for the ocean samples. The TP levels for
Pago Pago Harbor 'waters are a factor of two to four times those of
ocean waters. This factor is much higher than for total nitrogen
because the background TP levels are much lower. It should also be
noted that, since TP is associated with suspended solids and sedimen-
tary material which can travel downward, there is less difference
between the upper and lower levels than with total nitrogen which is
mostly dissolved or associated with less dense organic material. The
TP values for streams show that approximately half of the time there is
significant phosphorus addition to urban and agricultural influence
streams, possibly from detergents or eroded material. The association
of TP with soil is also illustrated by the higher concentrations in Aua

Stream which is influenced by erosion due to road construction,

Chlorophyll=a

The effects of nutrient addition to nutrient poor tropical ocean
waters are shown by the statistical summary of chiorophyll-a data given

N
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in Table IV-10 and illustrated on Figure IV-7 for surface waters.
Chlorophyll-a was measured to gauge the effect of nutrient discharges
and residence time on the basic component of the water column biologi-
cal community, the phytoplankton, There are progressively increasing
levels of chlorophyli~a from ocean, to nearshore, and to embayment
corresponding to the increasing residence time and availability of
nutrients, This trend is pronounced when considering the surface
waters of the transition zone, outer Pago Pago Harbor and inmer Pago
Pago Harbor. The significantly lower levels (though still increasing
shoreward) of chlorophyll-a in the lower level of Pago Pago Harbor is
undoubtedly due primarily to light limitation and partly to lower
nutrient levels. The exponential effect of residence time on phyto~
plankton levels is shown by the fact that while the geometric mean
values for nutrients (TN and TP) were higher by factors of two to four
above background ocean water levels the geometric mean of the chloro-
phyll-a levels in inner Pago Pago Harbor surface waters are higher by a
factor of about 30, The sensitivity to the fluctuating in residence

times is also illustrated by the large geometeric standard deviations.

The relatively large percentage of time that high levels of
chlorophyll-a occur in inner Pago Pago Harbor and even in the outer
harbor indicates that there are occasions where there is excessive
oxygen depletion during early morning hours which restricts the devel-~
opment of a baianced ecosystem in these areas. Improvement of this
situation involves a reduction in the input of nutrients and possibly
in the input of oxygen demanding material. There is no reasonable way
to significantly increase the exchange rate of Pago Pagb Harbor with
the ocean, consequently'the residence time becomes a constant of the
system and the significant control factor is the phytoplankton net

growth rate which is primarily dependent on the nutrient concentration.

SUGGESTED ALTERATIONS AND ADDITIONS TO THE PROPOSED WATER QUALITY

STANDARDS FOR AMERICAN SAMOA

The Environmental Quality Commission of American Samoa is cur-

rently in the process of updating water quality standards. During a

Iv-25
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public hearing in June 1979 regarding the May 1979 version of the
proposed standards it was decided that the results of this study be
used to suggest possible further revisions of the May 1979 document
(Appendix E). This section is written in the context of the May 1979

revision of the standards.

Rationale

The primary contribution of this study to the effort to promulgate
water quality standards for American Samoa is the measurement and
statistical descriptions of some of the parameters for various cate=~
gories of water. Consequently, the suggestions for revisions are

limited to the numerical values for some of the parameters studied.

The basic approach to defining suggested numerical values for
standards for significantly variable parameters was to select a repre-
sentative area in a desirable condition for each water classification
and use the measured log-normal distributions plus the expected confi-
dence interval (5 to 20 percent, depending on the geometric standard
deviation) at the geometric mean to define the standard. The suggested
standards for ocean and open coastal waters also included some provi-
sions for the addition of nutrients so as to accommodate point dis=
charges in defined zones of mixing in areas which are limited by time
and, consequently, would not respond by undesirable plankton growth to

the nutrient addition.

For parameters with little variation, such as pH, it is not neces-
sary to make a statistical description and the standard would consist

of an acceptable range of values,

In some cases there are too few data to confidently describe the
actual existing distribution and the suggested standard is based on
reasonable interpolations from surrounding data sets (e.g. the chloro-

phyll-a levels in embayments as shown on Figure IV-7).

Because of its unique exchange characteristics it is suggested

that Pago Pago Harbor be made a separate water category.

IV-28
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The saline water standard parameters that should be defined statis-
tically are: turbidity, compensation depth (1 percent incident light
engefy), total phosphorus, total nitrogen, and chlorophyll-a. Stream
waters have statistical standards on fecal coliform, turbidity, sus-

pended solids, total phosphorus, and total nitrogen.

Suggested Standards

Tables IV-1l through IV-14 give the suggested standards for the
four categories of saline waters, while Table IV-15 covers fresh sur-
face waters. The "not to exceed more than 2 percent of the time" level
is a straight line projection on log—probability paper of the geometric
mean (i.e., 50 percent level) and the 10 percent level. The 2 percent

value is suggested to control short-term discharges.,

As discussed earlier in this chapter, the parameters with little
variation that define biological boundary conditions can be expressed
by acceptable ranges of values based on natural variability. On this
basis, the pH and DO ranges were determined. The suggested pH range
for all saline waters is 7.9 to 8.6. Stream water pH values should be
in the range of 6.0 to 8.0. All waters should maintain dissolved

oxygen levels at greater than 80 percent of saturation.

The suggested statistical standards include both time and space
variations in the water body in question and a sampling program to test
compliance would involve taking samples and measurements at several
stations, at two depths and covering any significant seasonal varia-
tions. Considering the magnitude of the geometric standard deviationm,
a minimum of about 24 samples would be required to test compliance for
most. of the suggested statistical standards. For example, sampling in
Pago Pago Harbor would include samples from both the surface and lower
layer at stations in the inner and outer harbor taken during both the
wet and dry season. A statistical analysis of all of the data would

then be compared to the standard.

Presently, the ASG Envirommental Quality Laboratory is not equip-
ped to conduct, in house, all of the sampling and analyses that would

\
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be called for in a sampling program along the lines of the suggested
standards. The tests that would have to be conducted elsewhere on pre-
served samples include total phosphorus, total Kjeldahl nitrogen,
nitrite plus nitrite nitrogen, and chlorophyll-a. The staff of that
laboratory, however, have been instructed in and have conducted sample
preservation and shipping procedures. Consequently, it is believed
that sampling and analyses for the suggested standards are within the

extended capabilities of the ASG laboratory,

The standards being proposed by the EQC have provisions for
periodic revisions and updating. It is suggested that future updating
include considerations for the development of additional standards on
benthic conditions and biological parameters as well as additional

fresh water categories for marsh areas and possibly urban streams,
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CHAPTER V

PAGO PAGO HARBOR SYSTEM

The waters and biological communities of Pago Pago Harbor are
subjected to a variety of stresses as a result of human activities.
These include: reef flat filling; reef dredging, discharge of domestic
wastewater; discharges of cannery wastewaters; stream transport of
eroded material from road construction, building construction, and
agriculture; stream transport of solid waste and sanitary waste; and
various direct discharges from vessels, Since this study is concerned
primarily with the water quality effects, emphasis will be placed on

those discharges that have the greatest effect on the water column.

PHYSICAL CHARACTERISTICS AND TIDAL EXCHANGE

Pago Pago Harbor is a deep natural harbor presumably formed by
stream erosion during periods when the sea level was much lower than at
present. Fringing reefs of varying widths are found around the entire
perimeter of the harbor. In many areas the reef flats have been filled
to provide level land for urban, commercial, and industrial construc~
tion or for the disposal of solid wastes. A comparison with an 1839
map of Pago Pago Harbor indicates that by 1973 about 23 percent of the
reef flat area had been filled. This reduction in the water surface
area has resulted in a reduction in tidal exchange by about 8.5 percent
and a corresponding increase in tide-related residence time (Sunn, Low,

Tom & Hara, Inc., 1975).

Seaward of the reef edge the depth increases sharply to a rela-
tively flat bottom. The bottom slope at the centerline of the harbor
is fairly uniform at between one and two percent to a depth of around
200 feet at the mouth of the harbor. The calculations made in this
report use the 1971 soundings of the harbor which indicate somewhat
shallower depths than previously published maps. This difference may

be due to different measuring techniques or it may indicate sediment



accumulation or infilling. The determination of a rate of accumulation
would be the subject of a separate study of sediments and is not

covered in this report.

The Pago Pago Harbor area was divided for evaluation purposes into
inner harbor, outer harbor, and transition areas as shown on Figure V-l.
The division line between the outer harbor and the transition zone was
located at the section with the smallest cross-sectional area, which
therefore is likely to act as a hydraulic control section to limit
exchange. The division line between the inner and outer harbor was
somewhat more arbitrary but approximately divides the more sheltered
inner area from the area with greater wind and wave exposure. The
transition zone boundary is located at approximately the distance
outside of the outer harbor mouth that can be traversed between times
of tidal reversal by the average outer harbor current speed (about

6 cm/sec).

The cross-sections for the inner-outer harbor and the outer harbor-
transition zone division lines are shown on Figure V-2, The cumulative
cross-sectional areas as a function of depth are given on Figure V-3,
The cumulative volumes of the inmer and outer harbor areas are shown on
Figure V-4 as a function of depth, These figures were drawn using the
contour lines of the 1971 bathymetric survey. Figure V-3 is used to
give the crossjsectional area above and below any depth at the bound-
aries between the harbor sectors. Figure V-4 is used to give the
volume of water above and below any depth in the total harbor or in

either the inner or outer sectors.

The average surface area of the inner harbor is about 12.6 x
106-sq ft, wvhile that of the outer harbor is about 41.4 x 106 sq ft.
Considering the total volumes, this means that the average depth at
mean low water is 71.3 feet for the inner harbor and 100.8 feet for the
outer -harbor, The overall average depth for Pago Pago Harbor is
94,0 feet., According to the NOAA tide tables, the average tidal range

for Pago Pago is 2.5 feet, or approximately 4.8 feet on a 24-hour basis
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(using an average tidal cycle time of 12.4 hours). This means that the
average outer harbor residence time (volume/daily exchange) when con-
sidering tidal exchange ohly is 19.5 days with respect to the transi-
tion zone, Similarly, the average inner harbor residence time with
respect to the outer harbor is 14.8 days or 34.3 days with respect to
the transition zone. Since these calculations do not take into account
wind-induced transport or stratification effects, they should be

regarded as overall maximum values.

CURRENT STRUCTURE AND WIND-RELATED EXCHANGE

Salinity and temperature profiles taken at the eight Pago Pago
Harbor stations showed that slightly higher temperature and slightly
lower salinity in the surface layer resulted in a small but persistent
density stratification throughout the harbor at a depth of 10 to 30 feet.
The upper layer was also characterized by higher levels of turbidity,
chlorophyll-a, total phosphorus, and total nitrogen than the lower
layer. This layer is clearly definable by diver observations., Drogue
measurements showed that the current structure of the upper layer was
primarily wind related with the surface drogues generally moving
directly downwind and the 10-foot deep drogue often indicating a

counter current.

The results of drogue measurements along the inner harbor-outer
harbor division line are shown in Appendix D, covering flood and ebb
tides under several wind conditions during February and July, 1979.

The 100-foot deep drogue movements generally responded to tidal cur-
rents and indicate the slower and more irregular movements in the
deeper protected portions of the harbor. Since the cross-sectional
area is 1argé relative to the tidal change, the resulting slow tidal
current {(less than 1 cm/sec) is often masked by the movement due to
eddies. It should be noted that the subsurface drogue vectors shown in
the figures in this report have been corrected for wind-related effécts
on the surface floats and hence do not generally form a continuous

path.



Drogue measurements at the boundary between the outer harbor and
the transition zone are also shown in Appendix D. Again, the surface
layer exhibits the direct influence of the wind with some return flow
shown at the 10=foot level. The drogue speeds are generally higher
here than inside the harbor because the wind exposure is more direct
and the tidal exchange per unit cross-sectional area is greater. There
is also evidence that a tide-related longshore current across the mouth
of the harbor influences the exchange characteristics of the lower
layer., During February, measurements at the Tafuna Outfall site showed
that the longshore current moved easterly during ebb tide and westerly
during flood. (Similar observations were made by CH2M Hill in
October 1975.) At the mouth of Pago Pago, the easterly ebb current
tended to retard the outward flow along the west side of the harbor
mouth and emhance the outward flow next to Breakers Point. During
flood tide the westerly setting longshore current enhanced the inflow
along Breakers Point and tended to counteract inflow along the west

side of the harbor mouth,

During the dry season study in July 1979, the measurements at
Tafuna showed that the longshore current structure was reversed from
the situation in February. 1In July the ebb flow was westerly and the
flood flow was easterly. (This is discussed further in Chapter VI and
is shown schematically on Figure VI-8.) The response at the harbor
mouth was enhanced inflow during flood and enhanced outflow during ebb
along the western side, while both types of flow were retarded on the
Breakers Point side, This change was particularly evident from a
q0mparison between the current meter records of February and July
(discussed later). It is not known what months of the year each of the
two longshore current patterns predominates or even if the phenomenon

is seasonal.

One of the reasons that there is concern about the current struc-

ture across the mouth of Pago Pago Harbor is the possibility of placing

an outfall in the vicinity of Breakers Point to discharge treated



wastewater from the tuna canneries, This possibility is being consid-
ered since it would be less expensive than the significantly longer
pipeline that would be required if the discharge occurred in the Tafuna
area. The evaluation of the effects of such an outfall would require
additional current measurements before reasonably reliable estimates of
the potential for inflow of waste material to Pago Pago Harbor can be

made.

A current meter installation (Figure III-3) was made at a depth of
30 to 35 feet along the west side of the outer harbor-transition zone
boundary line in order to measure the temporal distribution of current
direction and speed in the upper portion of the lower layer. A statis-
tical summary of the results for both the February and July, 1979
installations is given in the appendix. The data are presented in
direction and speed frequency of occurrence matrices for flood and ebb
tides and overall. Current roses and speed frequency diagrams for the

February and July installations are shown on Figures V-5 through V-10.

The effects of the easterly longshore ebb flow and the westerly
longshore flood flow in February are evident at the current meter
location by the inflow during ebb tide and the retarded inflow during
flood tide. During July the reversal of the longshore current pattern
resulted in net outflow during ebb tide and inflow during flood. The
variations from the dominant pattern can be attributed to the location
of the meter near the boundary between the upper and lower layer as
well as to the effects of the nearby reef. The higher current speeds
recorded by the meter during July when compared to February support the
description of the effect of the longshore current pattern on the
spatial and temporal exchange pattern of the lower layer at the mouth

of Pago Pago Harbor,

The average current speed as a function of depth and location is
shown on Figure V=11, which includes data from inside and outside Pago
Pago Harbor as well as results from Tafuna and measurements made out-

side of Taema Banks in the open ocean (Dump Site No. 1), This compari-

son shows the lesser effects of wind on the surface in sheltered areas

N
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as well as the effects of stratification and the restriction on larger
scale subsurface currents in confined areas., The lowest current speeds
are observed in the area of interference between the wind-driven surface
current and the tide-related nearshore or large scale open ocean current.
The average current speed at the 100-foot depth is highest in the open
ocean, where large-scale currents develop in response to latitudinal
effects and hemispherical weather patterns. The longshore tide-related
current is generally slower ihan the open ocean current, while the deep
currents in embayments with hydraulically restrictive mouths respond
primarily to the relatively small-scale effects of the in and out tidal

flow.

Using the observed wind-driven surface current, the observed depth
range of the stratification, as well as the predominant wind direction,
it is possible to estimate the wind-related exchange between the tran-
sition zone and outer harbor as well as between the outer and imner
harbor. The formulation developed by Banks (1975) for wind-driven
transport in shallow lakes or above a shallow thermocline is based on a
velocity profile very similar to that observed within the upper layer

of Pago Pago Harbor.

4qOD
4797 27
Where: q, = per unit width transport in the wind direction
q, = per unit width counterflow
D = depth
q0 = water velocity at the surface

For the predominant wind conditions at the outer harbor-transition
zone dividing line, q, = 14 cm/sec or 1,654 ft/hour and D = 30 feet.
Therefore, the average transport per foot width per hour is estimated

to be above 7,350 cubic feet, Considering the approach angle of the
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wind, the available width is about 1,000 feet. These conditions result
- in an estimated wind-induced flux of about 1.8 x 108 cubic feet per day

to the surface layer.

A similar calculation for the inner-outer harbor wind-induced flux
using q, = 9 cm/sec, D = 30 feet, and an effective width of 1,000 feet
yields a value of about 1.1 x 108 cubic feet per day.

The drogue vectors indicate that the predominant transport factor
in the surface layer is the wind. Using the volume-depth relationship
presented earlier yields an estimated average surface layer residence
time for the outer harbor of about 6.8 days with respect to the transi-
tion zone, The inner harbor has an estimated average surface layer
residence time with respect to the outer harbor of about 2.7 days or

9.5 days with respect to the transition zone.

If the tidal exchange occurs primarily in the lower layer, as
appears to be the case from the drogue pattern, then the average resi-
dence time of the lower layer of the outer harbor would be 14.9 days
with respect to the transition zone. The lower layer of the inner
harbor would have an average residence time of 9.7 days with respect to
the lower outer harbor or 24.6 days with respect to the transition

zone,

A summary of the estimated overall residence times of the inner
and outer harbor areas with respect to the transition zone is given in
Table V-1 for the conservative condition of tidal exchange only and the

more liberal condition of tidal and average wind exchange.
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TABLE V-1

ESTIMATED OVERALL RESIDENCE TIMES IN PAGO PAGO HARBOR
WITH RESPECT TO THE TRANSITION ZONE

Residence Time Residence Time with
with Average Tide and
Average Tidal Average Wind
Exchange Only Exchange
" Area (days) (days)
Outer Harbor 19.5 12.9
Inner Harbor 34,3 18,1

When stratification is considered, then the average estimated

residence times given in Table V-2 are applicable.

TABLE V-2

ESTIMATED AVERAGE RESIDENCE TIMES WITH RESPECT TO THE
TRANSITION ZONE OF THE UPPER AND LOWER LAYERS OF PAGO PAGO HARBOR

Regsidence Time with Average
Tidal and Wind Exchange
Area (days)

Outer Harbor 6.8
Upper Layer

Outer Harbor 14.9
Lower Layer
Inner Harbor 9.5
Upper Layer
Inner Harbor 24,6

Lower Layer
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DISPERSION COEFFICIENTS

Horizontal dye dispersion measurements were made on three occa-
sions in the inner harbor and once in the outer harbor. The results
calculated according to the procedure described in the methodology
chapter are shown on Figures V-12 and V-~13, The variation inherent in
this type of measurement is evident on these figures. The eddies,
vhich are the subject of this measurement, are of the same scale as the
measuring device, the dye patch. The dye may or may not come under the
influence of another eddy before the next photograph is taken; hence,
there is an inherent variability in the short-term dispersion. The
average of a number of these short-term measurements, however, consti-

tutes a valid basis for calculation and comparison with other areas,

The inner harbor dispersion coefficient magnitude and relationship
to scale is typical for a semi-confined water body in that the overall
rate of increase with scale is slow and the smaller scale values are
somewhat higher than has been theoretically calculated for open ocean
conditions with no boundary effects. This might be explained by noting
that mixing energy that would have gone into the formation of large-
scale eddies in an unconfined épace is perforce limited to smaller-

scale eddies in a confined area.

The few data points obtained for the outer harbor are insufficient

to define the effect of scale on the dispersion coefficient.

This information on the dispersion coefficients in Pago Pago
Harbor is useful in making dispersion calculations after initial dilu-
tion for wastewater discharges. It would also be necessary if a com=
puter model of the harbor would be designed to calculate exchange
characteristics on a finer scale than is being attempted in this study.
The dispersion coefficient is one of the primary variables in the
equations describing exchange among the grid points of a computer

model;
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MASS EMISSIONS OF NITROGEN AND PHOSPHORUS

Three general sources add nutrients to Pago Pago Harbor waters:
surface runoff, the Utulei wastewater treatment plant, and the tuna

canneries.

Samples were taken from eight streams around Tutuila judged to
have urban influence on their quality characteristics. Five of these
streams discharge into Pago Pago Harbor. The average concentration of
nitrogen and phosphorus in the urban influenced streams should be a
valid number to estimate the mass emission rate from nonpoint sources.
Three to five samples were obtained of the effluents of each of the two

cannerles and of the Utulel treatment plant.

In addition to concentrations, it is necessary to estimate average
discharge rates before mass emissions can be obtained. For the case of
the point discharges, this is not too difficult even though there is
some question as to the exact figures. For the nonpoint sources,
however, the problem is the lack of basic data regarding rainfall,
infiltration, and evapotranspiration rates. The rainfall data at the
airport indicating an annual average of 125 inches are the most exten-
sive and should be representative of the rainfall near the windward
shoreline of Tutuila. There are some rainfall data for the top of
Mount Alava at the 1,800-foot elevation that indicate an annual average
of 250 inches. In order to estimate the total rainfall on the Pago
Pago Harbor watershed, it was necessary to make the assumption that the
rainfall was entirely orographic so that the isohyets were defined by

the contour lines,

As shown on Figure V-1l4, the Pago Pago Harbor drainage basin was
divided into nine sectors containing the individual streams measured in
this study and the areas not directly measured. Table V-3 shows the
surface areas of the nine sectors along with the average estimated
daily rain volumes for all sectors. From the total values an average
estimated rainfall for the basin of about 158 inches per year was

calculated.
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TABLE V-3

ESTIMATED PAGO PAGO HARBOR DRAINAGE BASIN
DATLY RAINFALL VOLUME

Estimated
Surface Area x Rainfall Volume
Sector 10" Square Feet (ngd)
1 25,6 7.0
2 13,0 3.3
3 4,6 ’ 1.2
4 5.5 1.4
5 25,0 6.7
6 6.6 1.7
7 25.4 7.0
8 17.0 4.9
9 11.1 2.9
Totals 133.8 - 36,1
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The stream flow measurements, which were made at the time samples
were taken, combined with the ratio of the recorded rainfall at the
airport to the average daily rainfall were used to calculate an esti-
mate for the fraction the runoff is of total rainfall. The range
obtained was from 27 to 67 percent, with an overall average of 40.2 per-
cent. This indicates an average total runoff of 14.5 MGD into Pago
Pago Harbor, with 6.5 MGD to the inner harbor and 8.0 MGD to the outer
harbor. This is an average of about 3 MGD per square mile, This is
somewhat greater than the 2.3 MGD per square mile noted for the Kaneohe

Bay drainage basin on Oahu, Hawaii (Sunn, Low, Tom & Hara, Inc., 1976),

Dames & Moore conducted a study of the potential for water supply
anﬂ hydropower on Tutuila (Dames & Moore, 1978) using primarily six
gaged streams (outside of the Pago Pago Harbor drainage area), with
long stream flow records to estimate an average annual runoff of about
6 cfs (3.88 MGD) per square mile of drainage basin. The runoff esti-
mate developed in this study, which is about 25 percent lower than the
Dames & Moore estimate, is somewhat less principally because the gage
locations are at higher elevations than the sea level flow measurement
locations used in this stﬁdy and were consequently subject to a higher
average rainfall. 1In any case, the basic conclusions of this study are
not very sensitive to such relatively small differences in the esti-
mated runoff. Consequently, the estimate developed in this study on
direct measurements within the Pago Pago Harbor drainage basin will be
used for further calculations since there is a reasonable explanation
for the difference from the estimate given by Dames & Moore for other

areas on Tutuila as derived from a large data base.

If an evapotranspiration rate of 75 inches per year is assumed and
the rainfall and runoff estimates are reasonable, then the average in-
filtration rate would be about 19.5 inches per year, or 12 percent of
the total rainfall., Dames & Moore estimated a 10 percent infiltration

rate, which is in reasonable agreement.
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With this runoff estimate, along with the results of the chemical
analysis, a nutrient mass emission estimate can be made as shown in
Table V-4, It is clear from these results that any significant reduc-
tion in nutrient loading to Pago Pago Harbor must include the removal
of the effluents from the tuna canneries., The uncertainty in the
runoff estimate does not change this conclusion. Similarly, the relo-
cation of the Utulei STP outside of the Pago Pago Harbor area, although
a step in the right direction, would not result in a major reduction in

the nutrient load without a similar relocation of the effluents from

the canneries.

The mass of total phosphorus (TP) and total nitrogen (TN) in the
inner and outer harbor can be used along with the rate of input to make
further estimates of the residence time, Although TP and TN can be
considered to approximate conservative subétances, these estimates must
be considered approximate since they do not include exchange with the
bottom sediment nor possible losses to denitrification or diffusion of

ammonia nitrogen.

Table V-5 gives the mass of TP and TN in ﬁhe upper and lower

layers of the inner and outer harbor.

The masses of TP and TN due to the background concentrations are
about 1,220 kilograms total phosphorus and about 16,950 kilograms total
nitrogen. Subtracting these values from the totals yields 1,214 kilo-
grams TP and 3,097 kilograms TN as the result of additions to the
harbor by runoff, the Utulei STP, and the canneries. Dividing the
rates of input into the masses of TN and TP due to the input yields
estimates of residence times of 17.4 days for nitrogen and 13.5 days
for phosphorus for the whole harbor relative to the transition zone.
These numbers fall in the range of residence time values for the whole
harbor as calculated from water transport characteristics. This range
was 19.5 days when considering tide exchange only and 12,9 days when

estimates of predominant wind related transport are included.
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TABLE V-5
TOTAL NITROGEN AND PHOSPHORUS IN PAGO PAGO HARBOR
Kilograms Kilograms
Total Total
Location Nitrogen Phosphorus
Inner Harbor  Upper Layer 2,054 276
Lower Layer 2,245 474
OQuter Harbor Upper Layer 4,163 419
Lower Layer 11,585 1,265
20,047 2,434

Totals
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Considering the number of assumptions and estimates that were
independently made, there is reasonable agreement among these values.
The tide only residence time estimate is high since it does not take
into account the wind exchange, The estimate with the predominant wind
exchange is likely to be too low for an overall average because the
predominant wind condition does not occur all of the time. The esti-
mate based on total phosphorus may be somewhat low because some of the
phosphorus is associated with sedimentary material and hence would
settle out of the system., Finally, the estimate using total nitrogen
might be too high or too low depending on what the net effect is of
nitrogen fixing, resolubilization from sediment, denitrification, and
ammonia outgassing. In any case, the residence time will vary due to
weather conditions very likely within the range defined by the results

given.

PHYTOPLANKTON GROWTH RATE

The net growth rate of phytoplankton is dependent on the avail=
ability of nutrients, light availability, and the predation and set-
tling rates., Under equilibrium conditions, such as in the open ocean,
the net growth rate is zero in that the predation plus settling rates
are equal to the growth rate within the nutrient and light limitations.
When oceanic plankton are exposed to higher nutrient concentrations,
there is an increase in the rate of growth and hence an increase in the
average concentration. The rate of growth with excess nutrients and
adequate light has been observed by numerous investigators to be expo~
nential with time. Consequently, the longer the exposure time to the
higher concentration of nutrients the greater the phytoplankton concen—
tration. Predation pressure on the phytoplankton also increases expo-
nentially due to zooplankton response to the greater availability of
food, but this exponential increase is less than the one for phyto-

plankton since it is in response to the phytoplankton concentration.
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This growth condition exists in Pago Pago Harbor due to the excess
nutrient input. The results of the chlorophyll-a vs. estimated resi-
dence time relationship are shown on Figure V-15 for both the upper and
lower layers. The geometric mean values were used for the chloro-
phyll-a values while the residence time estimates included the predomi-
nant wind related exchange. The significantly lower net growth rate in
the lower layer can be attributed primarily to light limitations and
secondarily to lower nutrient availability. The apparent upper layer
growth rate is significantly higher in the inner harbor than the outer
harbor. This is likely due to the greater availability of nutrients.
From Figure V-15, the net doubling times for phytoplankton for the
lower layer, upper outer harbor, and upper inner harbor are 30, 5.2,
and 2.1 days respectively, These values correspond to growth rate
constants of 0,02, 0.13, and 0.33 per day respectively. For compari-
son, it has been estimated that the growth rate constant for Kaneohe
Bay, Oahu, before extensive development or sewage discharge was .

0.09 per day, which increased to 0.12 per day with sewage addition
(Sunn, Low, Tom & Hara, Inc., 1976). Hawaii Kai marina, which is
shallow and surrounded by development, had aﬁ estimated growth rate of
0.25 per day (Sunn, Low, Tom & Hara, Inc., 1973). On this basis, it is
apparent that the growth rate in the upper layer of Pago Pago Harbor is
very high, especially in the inner harbor, and it is not surprising
that the inner harbor is subject to algal blooms and low dissolved

oxygen episodes, especially during times of low wind exchange when the

chlorophyll-a levels can easily rise an order of magnitude if the

residence time increases by just 7 days.

Since little control can be achieved over the residence time, the
only control available is to limit the nutrient input. Considering the
relative contributions of the canneries, runoff, and sewage effluent,
it is apparent that, if water quality is to be improved, the cannery
effluent discharge points will have to be relocated outside of the Pago
Pago Harbor area to an area with good transport where residence times
are short. This decision, however, has to be made in the context of
all other considerations, including economics and the establishment of

Ay

priorities.
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CHAPTER VI

TAFUNA SEWAGE TREATMENT PLANT OUTFALL SITE

The existing outfall at Tafuna discharges about 0.03 mgd of efflu-
ent at a depth of about 70 feet within Vai Cove located near the west
end of the runway in the vicinity of Fogagogo. Because of plans to
increase the amount of treated sewage to be disposed of by ocean out-
fall in this general area (CHZM Hill, 1976), additional information was
required regarding mixing and transport characteristics, as well as
water quality. The general purpose of this information is to determine
the general location for the planned outfall and to provide information

required for outfall design.

WATER QUALITY

Three water quality stations were established in this area, as
shown on Figure III-3, and the data were grouped to indicate nearshore
conditions in an open coastal area. No evidence of the existing dis—
charge was detected at the water quality stations undoubtedly because
of the very small discharge volume and the good mixing and transport
characteristics of the area. In general, the water quality was very
similar to that of the open ocean with slight increases in chlorophyll-a
and turbidity and a slight decrease in the photic zone depth., These
changes are as expected for nearshore waters with no substantial fresh
water discharges. The higher than expected nitrate plus nitrite nitro-
gen levels in the dry season samples were similar to the higher levels
generally noted for the dry season samples for other locations includ-
ing the open ocean. The values may be valid or there may be an unknown
contamination or preservation error involved. In any case, since the
important parameter is tqtal nitrogen, of which NO3 plus N02 nitrogen
is but a small part, the possible error is something less than 10 per=-
cent, which is within fhe statistical reliability range of total nitro-
gen. The continuing monitoring program should clarify any discrepancies

in the data base.
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The salinity and temperature profiles of the Tafuna outfall area
showed no significant or consistent stratification, which is not sur-
prising considering the direct wind and wave exposure of the area.
These profiles can be used to calculate sea water density for use with
any of the several computer programs (such as PLUME, OUTPLM, and OKHPLM
specified by EPA) that calculate initial dilution for various alterna-

tive diffuser configurations and discharge depths.

CURRENT STRUCTURE

Drogue and current meter measurements were conducted during both
the February and July field trips. The type of current meter used
during the February trip, however, was particularly sensitive to surge,
as confirmed by diver observation, with the result that much of the
data indicated high velocities directly onshore and offshore. >When
these were excluded from the data the remainder was sufficient to
indicate a southwesterly flow during flood tide and a northerly flow
during ebb with the net flow likely to be southwesterly. However, too
much uncertainty remained in the speed to be used in any definitive
calculations. To remedy this situation, a different type of meter
(Endeco 105) not as sensitive to surge was installed during the July
sampling trip at the same location and additional drogue studies were

conducted.

The drogue measurements during February, as shown on Figures VI-1
and VI-2, confirmed the general tide related reversing current pattern
gleaned from the current meter record. A similar pattern was noted by

CH2M Hill in October 1975.

The drogue vector results for July are shown on Figures VI-3
and VI~4, The drogue measurements were taken at high slack and low
slack tidal conditions. The high slack measurement (Figure VI-3) shows
the predominent effect of the wind on the surface drogue with very low
speeds and variable direction being evident with the subsurface drogues
possibly related to the time of current reversal. The low slack mea=-
surement was made under light trade wind conditions and shows shoreward

RN
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surface transport with strong subsurface traunsport toward the southwest.
It might be noted that the current meter record for this time recorded

exactly the same speed and direction as the 30-foot drogue.

The current roses for the July period are shown on Figures VI-5,
VI-6, and VI-7 for overall, flood, and ebb tides respectively. The net
transport is toward the southwest at 5.5 em/second (0.1 knots) primar-
ily because of the generally higher velocities during ebb tide.

Another significant observation is that the July record shows a rever-
sal of the general current pattern observed during February and October
in that ebb tidal flow is toward the southwest while flood related flow
is northerly. These observations are illustrated in general terms on
Figure VI-8. Possibly there is a seasonal shift in the approach direc-
tions of the ebb and flood waves that are sufficient to result in this
switch in the longshore current direction in this coastal sector. The
duration or cause of this switch is not known and may not be a signi-
ficant concern regarding discharge possibilities in this area as long

as there is significant net transport away from the discharge area.

The current meter record and drogue observations as well as the
dye study for mixing determination showed that under regular tradewind
conditions there is significant shoreward transport within Vai Cove.
This is especially the case during moderate to high wave conditions
(vhich are not that infrequent). If this problem is to be avoided the
proposed outfall diffuser will have to be located off the southern
point of the cove (Fatuasina Point) in order to take advantage of the
enhanced current velocity around the point and to minimize shoreward
transport. Unfortunately, this area becomes deep quickly so that the
diffuser will still be relatively close to shore even if located at a

depth somewhere between 100 and 150 feet.

MIXING MEASUREMENTS

Dye dispersion measurements were conducted on August 1, 1979
during moderate wind and sea conditions (8~ to 10-foot seas). The

results are shown on Figure VI-9, which gives the relationship between

[N
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the dispersion coefficient and the characteristic length. As would be
expected for this more exposed area, the data indicate more mixing
energy than inside Pago Pago Harbor and a higher rate of increase of
the dispersion coefficient with scale. These results appear to be
typical for open coastal nearshore areas but do not quite show the

4/3 power increase with scale theoretically predicted for open ocean
conditions (L.F. Richardson, 1926). This is presumably because of the
confining influence of the shoreline and relatively shallow bottom on
the eddy size distribution. The results of the measured relationship
can be used in calculating the dispersion of the effluent plume subse-

quent to initial dilution.

COLIFORM DISAPPEARANCE RATE

The initial plan was to measure the T (the time for 90 percent

of the coliform to disappear) at the existzgg Tafuna outfall. The
Tafuna discharge, however, was too small and too intermittent due to
wave surges to form a plume and could not be used for this type of
test. Consequently, the test was conducted using the more than ade-
quate plume at the Utulei>outfall in Pago Pago Harbor. The results of
these tests are given on Figures VI-10 and VI-11, and both indicate a

T90 time of about one hour.

The results of the two tests agree with each other and are there=-
fore believed to describe the disappearance rate in Pago Pago Harbor
under the conditions of the tests. Similar measurements at other
tropical and subtropical locations, however, have shown much shorter
T90 values ranging from»15 to 3