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- EXECUTIVE SUMMARY

Pearl Harbor Naval Shipyard (PHNSY) dry dock operations are regulated under the National Pollutant
Discharge Elimination System (NPDES), which mandates specific discharge restrictions for several
contaminants. Since the last NPDES permit in October 1992, the Shipyard has frequently exceeded State
requirements for dry dock nutrient discharge in the form of total nitrogen (TN), nitrate-nitrite (NOx), or
ammonia (NH3).

Nitrogen is an essential nutrient for biological health and marine ecosystem integrity. The role nitrogen
plays as a "pollutant" is related to eutrophication when present in excess amounts beyond the natural
capacity of a given system to assimilate or flush the excess. Eutrophication is simply the process of over

stimulated algae growth due to water enrichment from inorganic plant nutrients, primarily nitrogen, and
phosphorus. Secondary effects of eutrophication include loss of submerged aquatic vegetation,
nuisance/toxic algal blooms, and low dissolved oxygen values, which may, in turn, impact the health and
vitality of fish, shellfish, and other marine organisms. While eutrophication represents a natural process,
the occurrence of accelerated and above average eutrophication rates has been attributed to human
impacts on the surrounding watersheds (Bricker et al., 1999).

The 1992 NPDES permit, which expired in 1994, has been administratively extended during the
renewal process (author's post-report note: the Shipyard applied again in 2000 and the permit was once
again extended and not yet reissued as of fall 2001). The State of Hawaii disallowed a Shipyard request to

remove nutrient monitoring from any new permit, and then began discussions of proposed Notice of
Violations (NOVs) for nutrient water quality violations. The Shipyard has maintained that dry dock
operations do not contribute substantial nutrient loading to the discharge, but that inputs from sources
outside the Shipyard are possible contributors to the high nutrient levels. In April 2000, the Shipyard
submitted an application for a new permit.

In the fall of 1999, the Marine Environmental Quality Branch (D362), Space and Naval Warfare
Systems Center, San Diego (SSC San Diego) was tasked with analyzing Pearl Harbor ambient andI] discharge nutrient data in support of the Shipyard's permit renewal process. The purpose of this analysis
was to define the likely causes of elevated nitrogen discharges and provide a preliminary ecological risk
assessment (ERA) as to possible impacts upon the local marine ecosystems from the ambient nutrient
levels in Pearl Harbor.

There are several sources of nitrogen in Pearl Harbor. However, effluents are routinely monitored at
only the Shipyard and the Waste Water Treatment Facility at Fort Kamehameha (WWTFFK). Nitrogen
concentrations in these effluent data and at several ambient monitoring locations indicate that the
Shipyard and the treatment facility represent two distinct nitrogen sources. However, other important

sources of nitrogen in Pearl Harbor that have not been well-characterized include streams and springs that
drain much of the surrounding non-Navy lands, as well as groundwater, which may be seeping onto Navy
land already contaminated with excess nitrogen. Since the Shipyard effluent is regulated at Water Quality
Standards (WQS) levels, it is being singled out by the State as a major source. The arithmetic means of all
forms of nitrogen frequently have exceeded their corresponding limits, ranging from just over the limit for
TN, and nearly 3 times the limit for NO,, to over 7 times the limit for NH3. Nitrogen concentrations in
Shipyard effluent and in precursor source inputs to the Shipyard indicate that groundwater seepage and
possibly potable water are potentially the cause of elevated nitrogen. However, small sample sizes,
limited temporal distribution, and insufficient source/loading characterization all serve to limit the
scientific assessment. In comparisons of ambient or effluent data against the respective WQS for the
different forms of nitrogen (NOx, NH3, and TN), the form that most frequently violated its limit was
ammonia, which appears to be responsible for most WQS violations of total nitrogen.
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While the effluent concentration data indicates the Shipyard is a distinct nitrogen loading source to
Pearl Harbor, a comprehensive mass loading assessment indicates that the Shipyard introduces a rela-
tively small nitrogen load compared to other sources. The best available estimates for nitrogen loading to
Pearl Harbor, admittedly rough, indicate that the Shipyard contributes between 0.7 to 2% of total
nitrogen, less than 1% of nitrate-nitrite, and 6 to 25% of ammonia. Sources that contribute potentially
much greater loads are streams (55% of NOx, 86% of NH3 ), springs (24% of NOx), and the WWTFFK
(15% of NOx). It appears that during the 1990s, both nitrogen input from the Shipyard and ambient!
nitrogen concentrations in the harbor have gradually increased. However, nitrogen loads are not
increasing ambient concentrations over short periods of time (i.e., days to months). Speculation about
dispersion based on limited mixing and flushing characteristics of Pearl Harbor, when combined with
ambient nitrogen concentration data, support a general hypothetical explanation for this apparent steady
state condition (i.e., resistance to increasing ambient levels).

A preliminary risk assessment was performed to answer the following question: "Do elevated nitrogen
levels pose a potential eutrophication risk to designated beneficial uses or to the ecological receptors of
Pearl Harbor?" Studies and qualitative observations to date have not revealed the presence of any
standard indicators for eutrophication discussed in this report. A technical approach was implemented I
based on a national assessment of eutrophication in U.S. harbors and estuaries by the National
Oceanographic and Atmospheric Administration (NOAA). The approach involves calculating theoretical
ambient concentrations using Dissolved Concentration Potentials (DCP) and Particle Retention I
Efficiencies (PRE) to rank eutrophication risk, relative to the existing data set, which compares urban
estuaries and harbors of the United States. The DCP estimates ambient concentrations based on nitrogen
loads, combined with total estuary volume and freshwater turnover (USEPA, 1999b). The PRE is the I
ability of a waterbody to trap suspended particles and the pollutants adhered to those particles. A final
refinement of these eutrophication estimates based on DCP and PRE was performed to incorporate
harbor-specific loading and ambient nutrient data presented in this report.

Three terms are used in this report to describe different aspects of the eutrophication assessment for
Pearl Harbor. The first, "susceptibility," relates directly to NOAA' s use of the DCP to determine the
relative susceptibility of our nation's estuaries to eutrophication, based on a standard 10,000 ton load per I
year for every water body assessed. The second, "status," refers to NOAA's incorporation of actual
loadings into the DCP model to predict site-specific ambient concentrations. The third, "risk," is used by
SSC San Diego authors in this report as the final overarching evaluation of eutrophication after I
combining the NOAA hypothetical evaluation with the actual ambient data presented previously in this
report.

The following findings are explained in the report:

" Without consideration of nitrogen loads, Pearl Harbor has a medium DCP and a medium PRE
when compared to other estuaries, which indicates only an average susceptibility for i
eutrophication.

" When adding to the DCP the best available nitrogen loading estimates, the wet and dry season
data yield two of the lowest concentration statuses, relative to other harbors in the U.S. l

0 Incorporation of measured ambient nitrogen concentrations confirms, in this assessment, that
Pearl Harbor has a medium eutrophication risk.

Finally, in the conclusions and results section, recommendations are made in the following areas:

1. Monitoring ambient conditions
2. Assessment of sources and mass loads 3
3. Modeling nutrient fate and effects
4. Management response to eutrophication concerns

I
iv I
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1. INTRODUCTION

I Pearl Harbor Naval Shipyard (PHNSY) dry dock operations are regulated under the National Pol-
lutant Discharge Elimination System (NPDES), which mandates specific discharge restrictions for
several contaminants. Since the last NPDES permit in October 1992, the Shipyard has frequently
exceeded State requirements for dry dock nutrient discharge in the form of total nitrogen, nitrate-
nitrite, or ammonia.

The 1992 NPDES permit, which expired in 1994, has been administratively extended during the
renewal process. The State of Hawaii disallowed a Shipyard request to remove nutrient monitoring
from any new permit, and then began discussions of proposed Notices of Violation (NOV) for nutri-

I ent water quality violations. The Shipyard has maintained that dry dock operations do not contribute
substantial nutrient loading to the discharge, but that inputs from sources outside the Shipyard are
possible contributors to the high nutrient levels.

The Marine Environmental Quality Branch (D362), Space and Naval Warfare Systems Center, San
Diego (SSC San Diego) was tasked with analyzing Pearl Harbor ambient and discharge nutrient data
in support of the Shipyard's permit renewal process. The purpose of this analysis is to scientifically
define not only the likely causes of high nutrient discharges, but also provide a preliminary ecologi-
cal risk assessment as to possible impacts upon the local marine ecosystems from high ambient nutri-
ent levels in Pearl Harbor.

U
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2. METHODS

This section is organized into the following sections: 1
"* Data Resources and Statistical Calculations

"* Summary Listing of All Resources

"* Description of Resources and Statistical Calculations for Effluent-Ambient Comparisons

" Description of Resources and Statistical Calculations for Effluent-Source Comparisons I
"* Nutrient Trend Analysis

2.1. DATA RESOURCES AND STATISTICAL CALCULATIONS I

2.1.1. Summary Listing of All Resources 3
Chemical analytical data for total nitrogen, nitrate-nitrite, and ammonia are analyzed from the

resources listed in Table 1. Facility and station locations are shown in Figures I and 2. 3

2I

I
I
I
I
I
U
I

I
I
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Figure 1. Aerial photograph of Pearl Harbor entrance channel, South Channel,
and Pearl Harbor Naval Shipyard.
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Table 1. Data resources used for SSC San Diego nutrient analysis.

Type Resource

Effluent data (Dry Docks 1, 2, and 4) Pearl Harbor Naval Shipyard (PHNSY)

SDry Dock groundwater seepage Pearl Harbor Naval Shipyard (PHNSY)

WWTFFK effluents Public Works Center (PWC), Pearl Harbor

Ambient water quality station - Ref 600 ft Pearl Harbor Naval Shipyard (PHNSY)

Ambient water quality stations (part of WWTFFK Public Works Center (PWC), Pearl Harbor
permit)

Ambient water quality station - Blaisdell Park Department of Health, State of Hawaii

Ambient stream monitoring (Halawa and Waikele) United States Geological Survey

Potable water wells monitoring (for wells supplying Board of Water Supply, City and County of
Pearl Harbor region) Honolulu

2.1.2. Description of Resources and Statistical Calculations for Effluent-Ambient
"Comparisons

AMBIENT NITROGEN COMPARISONS: Shipyard Effluents and Ambient Water

Nutrient data used in the comparison of Shipyard effluents to ambient water monitoring came from
three primary sources: PHNSY discharge and reference data; Public Works Center (PWC), Navy
Region Hawaii; and Department of Health, State of Hawaii.

PHNSY Dry Dock discharge

PHNSY samples dry dock discharge on a monthly basis from designated
outlets 002A, 002B, 003, 004A, and 004B. Data is available for total nitro-
gen, nitrate-nitrite, and ammonia from January 1993 to May 1999. There is a
data gap (i.e., no discharge sample reported) from March 1994 to June 1994,
and another from November 1997 to March 1998.

In order to characterize the overall Shipyard nutrient contributions, a geomet-
ric mean from all dry dock discharge was calculated for each sampled month
and used as the "PHNSY Dry Dock" trend analysis.

PHNSY reference 600 feet

PHNSY has designated an ambient reference site located approximately 600
feet northwest of Dry Dock 1. Data is available from July 1994 to May 1999.
Data gaps are more frequent earlier than March 1997 and for the November
1997 to March 1998 time frame.

PWC monitoring stations

PWC continually monitors several ambient water quality stations near the
Pearl Harbor entrance channel located north to just south of Hospital Point on
Waipio Peninsula. This effort is in support of the WWTFFK NPDES compli-
ance. Six surface and six corresponding sub-surface (3-meter depth) stations3 represent spatial monitoring away from the sewage treatment plants (STP)

I5
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outfall in both directions (harborside and oceanside). Data is available i
monthly from April 1995 to March 1999.

A geometric mean, including all PWC station data by month, was calculated
to compare to the PHNSY geometric mean discharge. Additionally, Station
RW07 closest to the Shipyard (just south of Hospital Point) and RW03 (in the
vicinity of the STP outfall) are also used to compare a far-field and near-field i
region to Shipyard nutrient levels.

HI DOH monitoring station 3
The State of Hawaii Department of Health (HI DOH) conducted limited
nutrient monitoring for a site in East Loch between Ford Island and Blaisdell
Park. Data was obtained from the U.S. Environmental Protection Agency I
(USEPA) STORET database and directly from the Hawaii Department of
Health, which contained slightly more amplifying information. Episodic
monitoring was conducted between January 1993 and May 1997. The appar- I
ently high method detection limit (100 jtg/L or ppb for total nitrogen, 10 gg/L
for nitrate-nitrite, and 50 gg/L for ammonia) limit the data's usefulness in
determining low level ambient conditions for East Loch (note that gg/L and I
ppb are equivalent and used interchangeably in this report).

NOSC 3
The Naval Ocean Systems Center (NOSC), the former name for SSC San
Diego, conducted a series of water quality measurements of ambient Pearl
Harbor conditions at nine stations in May 1990 (Figure 3). Although not as I
applicable from a time trend perspective, the data does provide a useful
snapshot of nutrient concentrations from the southern portion of East Loch to
the Entrance Channel. i

2.1.3. Description of Resources and Statistical Calculations for Effluent-Source
Comparisons

SOURCE NITROGEN COMPARISONS: Shipyard Discharge, Potable Water, and Groundwater
Seepage 3

Time series and T-test comparisons can be made between PHNSY discharge and a smaller set of
measurements made by the Shipyard to screen possible non-operational/industrial nutrient inputs to
the discharge. i

Potable water

PHNSY conducted a small series of nutrient measurements from potable i
water supplied to naval vessels while within the dry docks. Unused potable
water is routed to the dry dock floor and forms a component of the dry dock
discharge to Pearl Harbor. Data is available from November 1997 to March I
1998 (n = 5).

I
I
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Figure 3. Station locations for Pearl Harbor ambient monitoring study May 1990
(source: Grovhoug, 1992).

I Harbor water intake

PHNSY conducted a small series of nutrient measurements from harbor water3 following intake into the land-side pump station. Data available is the same as
for potable water (n = 5).

Dry Dock seepage

PHNSY measured nutrient content for 2 non-consecutive months
groundwater seepage into Dry Dock 1, 2, and 4. Data is available for
February and April 1999 (n = 6). For Shipyard wide nutrient trend analysis,I the geometric mean from all dry docks was calculated for each month.
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2.2. NUTRIENT TREND ANALYSIS I
For both effluent-ambient and effluent-source comparisons, the following graphical presentations

were used to evaluate the data sets: U
"Student's T-test (for two samples assuming unequal variances). The T-test is typically used to
detect differences in two data sets, each of which represents a collection of values obtained in
the same manner for the same parameter. The basic question being answered in this test is
"Are the two data sets different?" By answering this question, we can first see which data
sets may be close enough to be considered to be associated with the same source. However, it 3
should be noted that with a high variability in either of the data sets, especially when the
magnitude ranges overlap, a finding of "no difference" must be treated with some caution.
Specifically, high variability (statistically expressed as variance in the test) can cause the test
to show no difference when in fact this high variance may be due to one or two single spikes

that are far from the mean and not representative of the data set. Consequently, the T-test is
better at detecting true differences between data sets than similarities.

" Bar graphs. To assess spatial trends for the different nitrogen forms among the various
locations for both the effluent-ambient and effluent-source comparisons, bar graphs were
created to display the nitrogen mean values relative to a north-south transect within Pearl
Harbor. Since the T-tests can only compare one data set against another, the bar graphs also
provide a way to show how all the data sets compare among one another in a single view.

" Time series plots. In order to graphically illustrate potential trends over long time periods (2

years and more) in nutrient concentrations for the Pearl Harbor region, time series graphs
comparing PHNSY geometric mean discharge to both the (1) ambient monitoring and (2)
source monitoring geometric means are presented for each nutrient parameter. Additionally,
when the T-test yields confusing results, the time series plots are useful in examining the
problem. And since the bar graphs also depict only the means, these time series plots permit
us to look deeper into the time-varying characteristics of each data set.

8I
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[] 3. RESULTS

First, in order to place nitrogen concentration values in perspective, it is useful to review the regu-
latory standards imposed by the State of Hawaii on Pearl Harbor and the Naval Shipyard. For Pearl

SHarbor, the State WQS for total nitrogen (TN), nitrate/nitrite (NO,), and ammonia (NH3) are 300
g.tg/L, 15 gg/L, and 10 gg/L, respectively (Title 11 Chapter 54 Hawaii, Revised Water Quality Stan-
dards). These values are adopted directly, with no allowance for dilution, as the Shipyard's effluent

i limits.

i 3.1. AMBIENT NITROGEN COMPARISONS: SHIPYARD EFFLUENTS AND AMBIENT WATER

Significant findings from a Student's T-test analysis of PHNSY discharge versus the ambient
monitoring data are presented in Table 2 by nutrient parameter. Since most of the DOH data was
from January 1993 to May 1997, the 1993 to 1997 PHNSY data are used for comparison with DOH.
Other comparisons were for the periods 1997 to 1999.

Table 2. T-test results for PHNSY effluent discharge and various ambient monitoring
istations.

PHNSY Effluent vs. PWC 03 PWC 07 Ref 600 ft DOH *I Total nitrogen ND -

Nitrate-nitrite -

Ammonia - - ND

Remarks:
ND = not statistically different
- = statistically different

most of DOH data only available from Jan 1993 to May 1997; therefore, used PHNSY data from 1993
to 1997 for this comparison.

At first glance, the T-test results show that the Shipyard effluent could be related, from a statistical
perspective, to the near-field PWC site (03) for TN, and to the DOH station for ambient NH3. How-
ever, the high variability found within these data sets limits the usefulness of these T-test compari-
sons. For instance, inclusion of more recent PHNSY effluent data in the PHNSY-DOH station com-
parison would lead to a finding of "statistically different." It should be noted that the DOH station is
probably the weakest data set with which to make T-test comparisons because of its high detection
limit of 50 lag/L for ammonia. This results in a less accurate depiction of ambient conditions in
northern East Loch.

To assess whether long-term monitoring has shown a historical improvement or degradation of
effluent and ambient water quality, mean nitrogen concentrations are presented in Table 3 comparing
a recent time period (1997 to 1999) with an older one (1993 to 1996). The disturbing trend is that
mean ammonia and total nitrogen concentration increase over time for the combined Shipyard dry
dock discharge, while ambient stations remain the same or decrease. The large standard deviations
relative to the means is one way to show the extremely high variability among the data at any given
station, regardless of the data set size (i.e., number of samples). Total nitrogen trends show a non-
statistically significant decline at all monitoring stations with the exception of PWC 03, which essen-
tially showed no change. Although the Shipyard total nitrogen shows an upward trend indicating a
possible degradation of effluent quality, it can be argued that the mean change is again not significant
because of the high variability measured by the large standard deviations and overlapping data sets.

I 9
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Table 3. Nutrient geometric mean concentrations by source. 3
Geometric mean concentration (gg/L) 3

Location Total Nitrogen Nitrate-nitrite Ammonia

1997-1999 1993-1996 1997-1999 1993-1996 1997-1999 1993-1996 i

Monitoring station

PWC Station 03 274 ±113 273±196 62±58 52±112 37±64 68±63
(n=27) (n=9) (n=27) (n=21) (n=27) (n=21)

PWC Station 07 176±83 204±177 5±7 5±48 28±27 34±24
I (n=27) (n=9) (n=27) (n=21) (n=27) (n=21)

PHNSY Ref 600 ft 192± 121 236±66 13±10 8±4 38±35 17±13 I
(n=25) (n=5) (n=25) (n=5) (n=25)* (n=7)

DOH Blaisdell Park 100±0 153±86 10±0 12±9 50±0 53±14
S(n=2) (n=24) (n=2) (n=24) (n=2) (n=23)

Discharge stationI

PHNSY Discharge 307±173 234±107 42±29 41±21 77±56 60±25
(n=27) (n=45) (n=27) (n=47) (n=27) (n=47)

Remarks:
* significantly different from 1993 to 1996 time period
+ = standard deviation
n= = number of data points

To provide another perspective for comparing the sites among each other, mean nitrogen concen-
trations for the two time periods are presented in Figure 4 using bar graphs and error bars to represent
the standard deviations. This view at first appears to support the T-test in showing some similarity in
total nitrogen measurements between Shipyard effluent and PWC 03. However, these two monitoring
stations geographically bound Station PWC 07, which has a much lower mean. Further, with the
exception of total nitrogen, all PWC stations were shown to be statistically different from the effluent
station via the T-test (Table 2). Consequently, it is more likely that the similarity between these two I
stations are the result of two distinct sources of total nitrogen producing similar ambient concentra-
tions close to their respective points of discharge. To provide additional insight into the somewhat
confusing T-test results, Figures 5 through 7 contain time series graphs of PHNSY dry dock effluent i
and ambient monitoring data from 1997 to 1999 (the time series from 1993 to 1999 are contained in
Appendix A). In these graphs, one can see that there is large variability in the reference site data for
NO, and NH 3. The time series plot is useful for indicating any potential relationships among the i
various data sources over time, which may be missed by the standard T-test or central tendency value
(i.e., mean) comparisons.

Figure 5, for instance, is useful for evaluating overall water quality with respect to nitrogen. Only
the near-field PWC 03 monitoring station consistently violates the 300 ltg/L WQS for total nitrogen.
The other ambient stations are about one-half of this level or lower. For NO, and NH3, the situation3
is more problematic. For NO,, the Ref 600 ft site routinely violates WQS (15 Ig/L), while the DOHl
site is close to the limit (10 gtg/L, compared to 15 -tg/L) (Figure 6). For NH3, there is even greater
concern since all ambient stations exceed the 10 ptg/L limit by 2 to 5 times (Figure 7). Since the 3
Shipyard effluent is regulated at the same WQS levels, it is being singled out by the State as a major
source. The means of all forms of nitrogen violate their corresponding limits, ranging from just over
the limit for TN, and nearly 3 times the limit for NO,, and to over 7 times the limit for NH3. i

I
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The time series plot also supports the conclusion that any similarity between Shipyard effluent and
PWC 03 is only that they represent two distinct and significant sources of nitrogen. There is noU apparent temporal relationship between the month-to-month data from these two stations. However,
in some cases, temporal comparisons of trends across all data sets indicate some similarities among
different locations, suggesting that nitrogen pulses in Pearl Harbor might be caused by regional

I= increases in loading due to widespread changes in environmental input or cycling. Some examples
might include rainfall events that could increase nitrogen loads due to stream inputs, surface runoff,
and atmospheric deposition. Nevertheless, these associations are not strong or consistent across the
data sets. Additionally, it is known that sampling is not coordinated among the various locations;
they are taken at different times, and with each data point represented by a single grab sample.

Finally, Figure 8 depicts ambient concentrations for total nitrogen and ammonia that were col-
lected by NOSC during a May 1990 study (Grovhoug, 1992). It is useful for providing a historical
snapshot of ambient conditions that were assessed for several different stations by a single assessor.
Consequently, one would expect to have greater confidence in the consistency of the chemical analy-
ses. The results for total nitrogen show fairly homogeneous concentrations across the nine stations,
but showed a possible layering effect at station BC-i1 that was not present elsewhere. Considering
the large volumes of lighter fresh water discharged close to BC-11 by the WWTFFK, this verticalI- stratification might be expected. However, the results for ammonia are more confusing, with a high
spike and surface layer effect at a location close to the Shipyard. This potential ammonia concern at
the Shipyard will be discussed later. The most important observation to glean from this historical
snapshot in Figure 8 is that nitrogen levels appeared to be lower at the beginning of the decade. Most
of the stations in 1990 had TN concentrations of between 100 to 125 gg/L, lower than the 168 to 274
gg/L means measured from 1993 to 1999 at three of four ambient stations in Figure 4. Only the DOH
station, with its recent 100 jig/L TN mean, appears to be unaffected by this water quality degrada-
tion. Values for NH3 show a similar trend, with all but one (the spike at the Shipyard, mentioned
above) of the nine stations measured in 1990 below the 10 gg/L limit.

3.2. SOURCE NITROGEN COMPARISONS: SHIPYARD DISCHARGE, POTABLE WATER, AND
GROUNDWATER SEEPAGE

Significant findings from a Student's T-test analysis of PHNSY effluent nitrogen verses the nitro-
gen levels from several different potential sources are presented in Table 4.

Table 4. T-test results for PHNSY effluent discharge and various non-operational

sources.

PHNSY Effluent vs. Seepage Potable Water Harbor Water In-take

Total nitrogen ND ND

Nitrate-nitrite ND ND

Ammonia ND ND

Remarks:
ND = not statistically different

= statistically different
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At first glance, Figure 8 results indicate that Shipyard effluent is different from only one of all
these potential sources - potable water. However, data variability is large and again limits useful
comparisons.

As done previously for the effluent-ambient comparisons, Figure 9 compares all of the site means.
This view is interesting since it introduces two new sets of monitoring data that indicate potentialI nitrogen sources for the high levels measured in Shipyard effluents. Specifically, the potable water
means for both TN and NO, are each considerably higher than the corresponding Shipyard mean, by
more than 3 times and 22 times, respectively. Acknowledging that Figure 10 shows one lone spike
over 900 gg/L, measured in April 1997, about two-thirds of the Shipyard effluent values for TN from
1997 to 1999 are under the 300 gg/L limit, while all of the TN potable water values are about 800
gtg/L or higher. Figure 11 is similar in showing that all of the Shipyard NO, means are below 150
"gg/L, whereas all the potable water means are above 600 jtg/L. In sum, Figures 9 through 11, as well
as Table 4, all support the finding that potable water represents a much more concentrated source of
total nitrogen than the Shipyard effluent. The observation that NH3 for potable water is low (in fact
the T-test showed it to be the only data set that was different from Shipyard effluent because it was
lower rather than higher, averaging only 4 gg/L) is consistent with expectations that potable water
supplies would be treated to remove this aesthetically unpleasant contaminant. Furthermore, there is
some data external to Pearl Harbor that shows potable water supplies in Hawaii having substantial
levels of nitrogen in the form of nitrates. This issue will be discussed in the next section.

The most important question relative to the issue of potable water as a potential source of nitrogen
to the Shipyard is: "Does the Shipyard use and discharge large quantities of potable water?" Unfortu-
nately, there is little hard data to quantitatively answer this question. With our somewhat limited
knowledge of operations at PHNSY, we might expect the high use and subsequent discharge of pota-
ble water by Shipyard workers during normal working operations on a large Naval vessel. However,
Shipyard environmental managers indicate that large quantities of potable water (at 300,000 gallons
per day [GPD]) are discharged only infrequently during special operations related to cooling water
discharges from high-pressure air compressors. The other significant sources of potable water (rinses
and hydroblast water) have been collected since January 1998 (Atta, personal communication, 1999).
If potable water is truly a significant source with respect to TN concentrations, it does not appear to
be responsible for the high levels of nitrogen measured in Shipyard effluent. Nevertheless, it makes
sense for the Shipyard to conduct some systematic monitoring to quantitatively assess the contribu-
tion of potable water use and discharge to the harbor from the dry docks.

Meanwhile, Figure 9 shows another potential source of nitrogen to Shipyard effluent: groundwater
seepage. It is important to note right away that seepage measurements represent the smallest data set
reviewed, with only a total of six samples, two from each dry dock during one 2-month period. Con-
sequently, the T-test results and trend analysis are automatically suspect data. However, since the
Shipyard estimates that groundwater accumulates at a rate of about 500,000 GPD, every day, this is a
source that must be considered. For the moment, we will make the assumption that the small data set
is representative of data that would be collected over a period similar to all of the other data sets
evaluated. The small size of this data set may explain why the T-test results displayed above do not
show any difference between the nitrogen in effluent and nitrogen in seepage water. Figure 9 shows a
TN mean for seepage that is 44% higher than the corresponding PHNSY effluent mean, while the
NH3 mean is 23% higher. However, the small data set size limits the usefulness of Figures 10
through 12. In view of the suggested results from the limited data and the inadequacy of the current
data set size, the Shipyard should continue to collect nitrogen data from seepage measurements in
conjunction with all other monitoring events.
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If the seepage data is eventually shown to be representative, one might expect groundwater to be I
higher in NOx due to infiltration by agricultural fertilizers, a phenomenon known to be occurring in
the uplands of Oahu. However, Figure 9 does not show this to be the case. To explain a possible rea-
son for this disparity, it is important to first explain that the cycling of nitrogen among its different
forms is very much related to the presence of oxygen. In high oxygen environments, there tends to be
more NO, than NH 3, and the reverse is true for low oxygen environments. Therefore, this disparity in
trends between effluent and seepage may be explained by a hypothesis that much of the nitrogen in
seepage remains in the NH3 or reduced form due to the lower levels of oxygen present underground.
On the other hand, seepage water that enters the dry dock and is exposed to atmospheric oxygen can

Ibe oxidized from NH3 to NOx.

I
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4. DISCUSSION AND LOADING SUMMARY

4.1. AMBIENT-EFFLUENT COMPARISONS

It is important to note a couple of key concepts when effluent concentrations are compared to
ambient water concentrations. First, the comparison between Shipyard effluents and ambient water
quality is a comparison of two dissimilar measurements. However, note that the higher concentra-
tions for Shipyard effluents are displayed along with the lower concentrations measured at ambient
monitoring stations not for the purpose of direct comparison; rather, they are displayed together to
examine the possibility of concentration gradients originating from the Shipyard. This hypothetical
visualization technique facilitates the investigation of source identification for the purpose of estab-
lishing cause (sources) and effect (elevated ambient levels).

Second, for typical scenarios in which an effluent serves as a source of contaminant into a water
body, one would expect that some dilution will occur in the near-field environment unless ambient
water concentrations are equal to or greater than effluent concentrations. Consequently, we should
not expect to find ambient-level concentrations in effluents if we know that the effluent is a source
for contaminants entering the ambient waters.

To summarize the results, the ambient-effluent comparisons pointed to both the WWTFFK and the
Shipyard as being two distinct sources of nitrogen loading to Pearl Harbor. Mean ambient levels are
close to the 300 gg/L WQS at the near-field PWC (03) station, whereas the far-field PWC (07) sta-
tion and Shipyard Ref 600 ft station are similar, each with a mean of about 170 gg/L. The northern-
most station (DOH) showed the lowest levels of about 100 gg/L, but as mentioned previously, 100
ppb represents the minimum detection limit. Note that this observation must be tempered by the fact
that there are other sources of nitrogen from non-Navy origins (e.g., streams, springs, and ground-
water seeps) that have not been subject to any monitoring. These comparisons are only for the two
sets of effluent data that were available.

4.2. SOURCE-EFFLUENT COMPARISONS

It is unfortunate that the data sets for both potable water (n = 8) and seepage water (n = 2) are very
small, and may or may not be indicative of long term trends. This limits the robustness of analysis
and any resulting conclusions when analyzing these potential sources, especially considering that the
nitrogen levels in both appear to be significantly higher than those of the Shipyard effluent. Shipyard
managers have indicated that mass loading of potable water is insignificant since it is done so infre-
quently. However, in view of the much higher concentrations of nitrogen in potable and seepage
water, the Shipyard should implement systematic monitoring programs to measure nitrogen concen-
tration and flow in both of these potential sources at their respective entrance points onto Shipyard

property.
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4.3. GROUNDWATER AS A SOURCE
AND ITS RELATIONSHIP TO BOTH USEPA Nonpoint Source News-Notes- Issue #52

POTABLE WATER AND SURFACERUNOFF Jl/uut19

Unfortunately, groundwater contami- "News from the States"
nant loading, transfer, and flux are not Ground-water seeps, areas where fresh water enters the
clearly understood at this time and diffi- ocean from an underground source, are found along the
cult to quantify without detailed hydro- entire shoreline of Maui. Ground water from higher
logical information concerning ground- elevations carries pollutants to underground "rivers" that
water potential within the Shipyard. eventually exit though cracks in the ocean floor. In coastal

areas, seawater seeps into the cracks at high tide and
Due to nutrient enrichment and associ- mixes with the freshwater; then the mixture flows back to

ated algal blooms, the University of the ocean at low tide. Tidal pumping, as this process is
Hawaii and the State of Hawaii Depart- called, has been studied in detail at the University of
ment of Health have been studying South Carolina. Scientists there found that as many as I

eight billion gallons of ground water flow into the ocean
groundwater seeps and their associated along South Carolina's coast each day - about half as

nitrogen sources on the islands of Maui much fresh water as South Carolina's rivers discharge to
(USEPA, 1998) and Hawaii (Dollar et al., the ocean.
1992.) The USEPA recently published an In 1996, scientists found that approximately 87 percent of
electronic newsletter detailing some of the nitrate in Maui's ground water comes from fertilizers
these findings from Maui that are detailed applied to crops. Yet studies show that surface runoff and
in the text box. The relevant observations streamflow, common culprits when it comes to nutrient
from this article are (1) the relative pollution, have not been important sources of nutrients
importance of underground pathways as along Maui's shore. The annual nutrient input from groundwater is 4 to 16 times greater than the total annual inputopposed to surface pathways, (2) the from streams.

phenomenon of tidal pumping, which Dr. Edward Laws, professor of oceanography at the
introduces groundwater contaminants University of Hawaii at Manoa, believes that further
directly into tidal waters, and (3) the fact studies are needed before surface runoff and streamflow
that Maui's groundwater has been can be let off the hook completely. Virtually all streams in
determined to be loaded with nitrates the watershed are diverted for irrigation, Laws says.
originating from agricultural practices. Nearly all are dry at lower elevations during most times of

the year and discharge to the ocean only during times of
Since the Hawaiian Islands have the heavy rainfall. "Therefore, during a dry year, [such as the

same geological origin and similar influ- years in which these studies were conducted], ground-
ences from agriculture, it is reasonable to water seepage is by default the only significant source of

expect that these observations would also freshwater entering the ocean. Nutrient inputs from stream
runoff may be quite significant during rainy periods."

be seen (to some extent) on Oahu. (USEPA, 1999a)

An indirect measurement of ground-
water nutrient content on Oahu can be obtained from drinking water well monitoring reports. The
1999 water quality reports, obtained from the Board of Water Supply, City and County of Honolulu,
detail high nitrate levels found in Oahu groundwater and well water (Table 5). Average 1999 nitrate
concentrations from these six wells were 339 to 793 jLg/L while maximum concentrations were 360
to 910 gg/L.

Well monitoring for total nitrogen and ammonia are not required under current Federal regulation,
so there is no data on levels of these contaminants in potable water. Since these wells are the major
supply to Pearl Harbor facilities and also indicative of background groundwater contamination,
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elevated nitrates would be expected in any potable water or groundwater seepage released to the dry
-- docks.

d s Table 5. Drinking water nitrate levels in wells drawing from the Pearl Harbor aquifer.

Source Highest Average Nitrate Conc. Maximum Minimum
(Soug/r) (cg/L) (eg/L)

Punanani Well 419 520 0

Pearl City Well 11 440 530 330

Pearl City Shaft 733 910 550

Newtown Wells 339 370 320

Kaonohi Wells I 340 360 290

Aiea Wells 793 870 470

"Highest Average" is a term used by the Honolulu Water Board and these numbers represent the
highest of the monthly averages for calendar year 1999 in order to derive the most conservative (i.e.,
highest or worst-case) loading estimates. Note that the NO, levels in these wells that supply potable
water to the Shipyard are an order of magnitude higher than either the ambient or the source data
reviewed for Pearl Harbor and the Shipyard. In addition, these concentrations are in the same range
as the potable water measurements taken at PHNSY (Figure 11), thus serving to increase confidence
in this limited data set. The Shipyard should consider monitoring groundwater at a geographic point
where it first enters the Shipyard property to assess the relative contribution of this potential source
of nitrogen over which the Shipyard has no control. It should also be mentioned that SSC San Diego
has developed tools and methods for examining groundwater seepage between coastal lands and
adjacent water bodies that could be applied to study the tidal pumping phenomenon.

Finally, it is worth mentioning that surface runoff from lands used for agricultural purposes typi-
cally contains elevated levels of nitrogen. Runoff can enter the Shipyard in two ways: by infiltrating
the ground and adding to the groundwater, and by directly migrating onto the Shipyard property on
the surface of the ground. The following section discusses this potential source in more detail. In
parallel, surface runoff can enter Pearl Harbor via three pathways outside the Shipyard: by ground-
water migration, surface migration, and through the streams that empty the large agriculturally-
influenced watersheds upland from the Shipyard.

* 4.4. SURFACE WATER RUNOFF

Another possible contributor of apparently high nitrogen values to Pearl Harbor may be direct sur-
face water runoff. Surface runoff can be defined as rainwater or freshwater that does not percolate
into the ground (to add to the groundwater below), but rather pools and migrates over ground and
eventually enters a receiving water body via stream or river flow and sheet runoff. The concern with
surface runoff is that it can carry pollutants that are present in the original water source (e.g., rain or
freshwater), ultimately depositing them in the water body.

Although Pearl Harbor typically receives about 71 cm (28 in) of rain per year, the eastern Koolau
Range and western Waianae Range, which feed the watershed draining into Pearl Harbor, can receive
up to 305 cm (120 in) of annual rainfall. High nitrate and ammonia concentrations (e.g., the larger

Waikele Stream) have been reported and reflect the impacts of natural nitrogen cycling, agricultural
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practices, and urbanization impacts (Table 6). Data from the National Stream Water Quality Moni- I
toring Program, as run by the United States Geological Survey (USGS), is currently available for
only two Pearl Harbor streams. The USGS fixed-site gaging stations provide an indication of the
elevated nutrient levels and the high variability of inputs to Oahu streams, and ultimately to Pearl
Harbor. Although the gaged station data represents only two of seven streams draining to the harbor,
the nitrate levels appear to be significantly elevated in comparison with national background levels
(Table 7).

In March 1999, the USGS began a 2-year program of renewed sampling for Waikele Stream as
part of the Oahu National Water Quality Assessment Program. Surface water sampling including I
nutrients, flow characteristics, bed sediment and tissue, aquatic ecology, and groundwater studies are

planned (USGS, 1999a). This program may provide better characterization of stream loading in the
future.

Table 6. Nutrient levels reported in Oahu streams (source: USGS, 1997).

Geometric m
Stream Parameter Dates Mean Range n = / SD

(jg/L) (gg/L)

Waikele Stream, at Waipahu Total nitrogen 1971-1995 2,390 35-9,600 148/1,580

Nitrate 1971-1995 1,826 130-5,400 124/1,220

Ammonia 1971-1995 93 20- 3,300 96/420 I
North Halawa Stream, near Nitrate 1983-1997 101 50- 130 27/176
Honolulum

Ammonia 1983-1997 14 10-30 10/8

Table 7. Background nutrient concentrations derived from m
USGS national stream monitoring programs (source:
USGS, 1999b).

Nutrient Background Conc. (gg/L) I
Total nitrogen in streams 1,000

Nitrate in streams 600 I
Ammonia in streams 100

Nitrate in shallow ground water 200

Note that the mean nitrate value for Waikele Stream during a monitoring period of 24 years is 2
orders of magnitude higher than the values that have been reviewed in this report thus far. As with
groundwater, the Shipyard could make measurements of surface runoff (or "run-on") as it enters
Shipyard property.

4.5. THE WASTE WATER TREATMENT FACILITY AT FORT KAMEHAMEHA AS A POTENTIAL
SOURCE

The WWTFFK discharges treated effluent near the entrance channel to Pearl Harbor. Although
near the mouth of the harbor, there should be some consideration as to WWTFFK's potential
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influence upon high nitrogen levels within Pearl Harbor. The STP was upgraded in December 1997
to a maximum effluent flow of 13 million gallons per day (MGD). The PWC, Navy Region Hawaii,
indicates that the plant still typically operates at a lower flow of about 6 to 7 MGD (Joanne Higuchi,
e-mail). PWC provided effluent discharge data (1997 to 1999) for nitrogen prior to ambient mixing,
and these data are presented in Figure 13.
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Although only one near-field and one far-field station were included in the previous results and

discussions to represent a worst-case (i.e., near-field and highest concentration) and best-case (i.e.,
far-field and lowest concentration) station respectively, PWC also monitors several other ambient
stations between the entrance channel and a point just south of Hospital Point on Waipio Peninsula.
Figure 14 shows the six surface and six corresponding sub-surface (3 meters below surface) harbor
stations representing a spatial sampling distribution away from the STP outfall in both directions
(towards inner harbor and towards harbor entrance).

Total nitrogen in the STP effluent is an order of magnitude above the HI WQC (2,000 to 9,500
gg/L vs. HI WQC of 300 gg/L), and NOx is the major component, with levels nearly as high as those
for TN. Since the STP processes a tremendous amount of potable wastewater, it would be expected
that the STP would be a significant source of both TN and NO, (the NH3 is typically reduced in the
STP treatment processes). Nevertheless, the effluent discharge from the WWTFFK does not appear
to cause excessively high ambient concentrations near the Shipyard. Furthermore, the WWTFFK
NPDES permit includes a zone of mixing for nutrients and the facility meets the conditions of its
permit. There are decreasing gradients of nitrogen in the ambient monitoring stations away from the
STP outfall (Figure 14), but for both NOx and NH3, these gradients reach a low at PWC 07 (the far-
field station) and then increase again at the near-field 600-ft Shipyard reference site. While the TN
values between PWC 07 and Ref 600 are essentially the same, this spatial trend supports the conclu-
sion made earlier that the Shipyard and WWTFFK represent two distinct sources of nitrogen. Once
again, it is important to note that other important sources, such as streams, springs, and groundwater
seeps, have not been measured. They also probably represent distinct sources of nitrogen to Pearl
Harbor.

4.6. POTENTIAL PEARL HARBOR NUTRIENT LOADING

There are some issues to investigate relative to the high NH3 concentrations measured as Shipyard
effluent and as seepage water. Depending on the location of the sampling points, elevated NH3 (and
potentially NOx and TN) in Shipyard discharges could be related to the decay of marine fouling
organisms and other biological material (e.g., algae) trapped in the dry dock sumps/pumps. If sam-
pling for dry dock water takes place in a sump where organisms get trapped and there is insufficient
flushing, ammonia can accumulate. Associated high NOx and TN values could mean that some of the
NH 3 is undergoing oxidation to these other forms in the presence of oxygen. As explained earlier, the
main difference in the relative amounts of the two partial (i.e., other than total) nitrogen measure-
ments is that nitrate-nitrite is found in oxygenated environments, while ammonia is found in reducing
or anaerobic environments.

If this is thought to be a reasonable hypothesis, then the Shipyard should run a series of additional
monitoring surveys to investigate this possibility.

Nitrogen loading has been shown to be highly variable on a watershed-by-watershed basis, with no
single non-point source dominant in each region (Puckett, 1994). In a review of 107 watersheds in3 the National Water Quality Assessment Program, the USGS listed major nitrogen sources:
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sub-surface locations at PWC south-to-north ambient monitoring station.
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* fertilizer application with atmospheric ammonia gas release or nitrate ground/surface water
runoff;

* animal manure leachate into ground and surface waters;

i atmospheric deposition from utility operation, industrial facilities, and automotive exhaust
(approximately 38% of nitrogen emissions);

0 point source input from waste-water treatment plants and industrial activity (Puckett, 1994).

In general, non-point sources can account for 0 to 100% (highly developed to highly undeveloped)
of the total nitrogen load, depending on site-specific watershed characteristics. The more industrial-
ized a watershed is, the greater the role point sources have in contributing to overall nitrogen loading.

i Based on some of the simple assumptions presented below, a preliminary Pearl Harbor watershed
loading budget for total nitrogen, nitrate-nitrite, and ammonia can be estimated (Tables 8, 9, and 10,
and Figure 15). Further studies are necessary to better characterize these sources. Given the inherent
uncertainty in these loading estimates, they should be considered tentative, as they represent only the
best information available.

- 4.6.1. Total Nitrogen Loading

Determination of total nitrogen loading is presented in Table 8 and predicated on the assumptions
described below.

Table 8. Estimated total nitrogen load to Pearl Harbor, HI.

Source WET season load (kg/yr) DRY season load (kg/yr)

PHNSY dry dock discharge 2,164 2,164

WWTFFK effluent discharge 53,996 53,996
Combined stream input 184,923

Natural springs input 61,425 21,887

Well input 5,648 3,530

Shallow aquifer input 7,060 4,236

Atmospheric deposition - background 894 894
Atmospheric deposition - anthropogenic

Total (kg/yr) 316,111 113,125

Total (tons/yr) 348 125

i PHNSY: calculated from geometric mean concentration of all discharges from 1993 to 1999 and
average daily flow as reported by ENSR (1996).

WWTFFK: calculated from geometric mean concentration of effluent discharge from 1997 to 1999
and average daily flow of 8 MGD.

Combined streams: Grovhoug (1992) listed wet and dry weather annual stream flows to Pearl
Harbor. The geometric mean concentration for Waikele Stream (Table 6) was used to represent
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Figure 15. Estimated annual nitrate-nitrite and ammonia loading to Pearl Harbor,
HI, during wet season flow conditions.
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all stream concentrations and the total Pearl Harbor stream flow was taken from Grovhoug (1992).
Although each stream is likely to have varying nutrient enrichment depending on associated land use,
Waikele is estimated to represent from 46 to 76% of the annual stream flow to Pearl Harbor. Another
broad assumption incorporated into this estimate is that stream flow captures all urban stormwater
runoff. While stormwater runoff certainly feeds into the surrounding streams that drain into the har-
bor, there remains an unquantified portion of stormwater that enters the harbor via sheet runoff.

Springs/wells/aquifer: Natural springs and wells are treated as separate input sources for the pur-
poses of this estimate. Grovhoug (1992) provides wet and dry weather annual flows for these
sources. The only available data for estimating aquifer concentrations was the well water testing pro-
vided by the Board of Water Supply. An overall mean groundwater nitrate-nitrite concentration was

*! calculated from the highest average concentrations for all wells listed in Table 5. There is no ammo-
nia concentration data available from the Board of Water Supply data set. Since total nitrogen
includes nitrate-nitrite and ammonia, the NOx concentration is conservatively used as a surrogate for
TN in the absence of that concentration. The true TN concentration would probably not be too much
higher, since NH3 is typically removed from drinking water sources.

Atmospheric deposition: Atmospheric deposition is currently the focus of significant regulatory
and field research, particularly along the United States east coast. To date, we have not found depo-
sition studies specific to Oahu. However, there is data available from the Island of Hawaii through
the National Atmospheric Deposition Program (NADP), a collaboration of Federal, State, and
academic research agencies. Precipitation-weighted annual mean concentrations for nitrate NO3 and
ammonia deposition in mg/L (1980 to 1993) are available from the NADP Internet site (Bowersox,
1999). The geometric overall mean of the reported annual concentrations for the Island of Hawaii
was used to simulate deposition to the water surface of Pearl Harbor. The volume of rainwater used
for calculating annual nutrient loads from the rainfall concentration values is the product of Pearl
Harbor's water surface area and annual rainfall, as detailed below. Total nitrogen air deposition in
Table 8 is the sum of nitrate and ammonia. Deposition to land was assumed to impact stormwater
and/or stream runoff and therefore not reflected in the "water-only" calculation below.

Mean Nitrogen Annual Rainwater
Concentration in Volume Annual Nitrogen Load (kg)

Rainwater

Nitrate Conc (mg/L)

0.067 10,668,000,000 715

Ammonia (mg/L)

0.016 10,668,000,000 179
Calculated as a product of water surface area (21,000,000 M2 ) and annual rainfall of 20
inches/year.

= [(20 in x 2.54 cm/in)/ 100 cm/m ] x 21,000,000 m2 x 1,000 L/m3

where:
2.54 cm = 1 in
1 rn = 100 cm
1,000 L = 1 m3

The resulting atmospheric load term is based on both man-made and natural background-levels for
the Island of Hawaii. However, anthropogenic sources such as NOx emission (power plant air emis-
sions, automotive exhaust, ship exhaust, and lawn equipment exhaust) and agricultural/landscape
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emissions (fertilizer application and air leaching) (USEPA, 1997) are anticipated to be more pro- I
nounced on Oahu. Unfortunately, no monitoring data exists to quantify this additional enrichment.

4.6.2. Nitrate-nitrite Loading i

Determination of nitrate-nitrite loading is presented in Table 9.

Table 9. Estimated nitrate-nitrite load to Pearl Harbor, HI.

Source WET season load (kg/yr) DRY season load (kg/yr)

PHNSY dry dock discharge 323 323 I
WWTFFK effluent discharge 38,068 38,068

Combined stream input 141,285 20,184 1
Natural springs input 61,425 21,887

Well input 5,648 3,530 3
Shallow aquifer input 7,060 4,236

Atmospheric deposition - background 715 715

Atmospheric deposition - anthropogenic unknown unknown I
Total (kg/yr) 254,524 88,943

Total (tons/yr 281 98 5
4.6.3. Ammonia Loading

Determination of ammonia loading is presented in Table 10 and also predicated on most of the i
assumptions listed above. The one exception is the lack of ammonia in springs, wells, or aquifers.
Consistent with speculation made earlier in this report, this absence of NH3 from this Board of Water
Supply data may reflect that ammonia is not present in significant quantities in Oahu groundwater.

Table 10. Estimated ammonia load to Pearl Harbor, HI. i

Source WET season load (kg/yr) DRY season load (kg/yr)

PHNSY dry dock discharge 547 547

WWTFFK effluent discharge 423 423

Combined stream input 7,196 1,028

Natural springs input 0

Well input 0

Shallow aquifer input 0

Atmospheric deposition - background 179 179

Atmospheric deposition - anthropogenic unknown unknown

Total (kg/yr) 8,345 2,178

Total (tons/yr) 9 2

Given only the loading terms identified to date, the most obvious finding in this initial analysis for
total nitrogen, nitrate-nitrite, and ammonia is the relatively significant amount of the total load
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accounted for by stream inputs in both wet or dry scenarios. Depending on the nutrient and wet vs.
dry year analysis, streams may contribute between 22% (dry season) to 86% (wet season) of the total
loads. The WWTFFK effluent really becomes significant to the total nitrate load (15 to 43%) while
the Shipyard dry dock effluent represents less than 1% of the potential nitrate-nitrite load.

* 4.7. ANALYSIS AND LOADING SUMMARY

The sum of the information from the wet weather scenarios (worst-case for loading) in the two
loading tables, shown in Figure 15, depicts a mass loading model for nitrogen that differs substan-
tially from the conceptual model available from assessment of concentration data only. Rather than
showing the WWTFFK and the Shipyard as the two primary sources, this more comprehensive
assessment of potential loading sources to Pearl Harbor reveals that the Shipyard influence is
probably minimal. Rough estimates based on the best available data indicate that the Shipyard
contributes between 0.7 to 2% of total nitrogen, less than 1% of the nitrate-nitrite, and 6 to 25% of
the ammonia. Sources contributing much greater loads are streams (55% of NO,, 86% of NH3),
springs (24% of NO,), and the WWTFFK (15% of NO,).

At this point, it makes sense to check whether these loading estimates appear to be reasonable,
given what we know about the ambient nitrogen data reviewed earlier, and what we can infer from
our somewhat limited knowledge about Pearl Harbor's flushing characteristics. First, Figures 16
through 18 give some insight into the dynamic mixing processes of Pearl Harbor. Figure 16 shows
the influence that the prevailing northeast trade winds have on inducing surface currents that may
move in a direction opposite to a flooding tidal current. Figure 17 shows the difference in residence
times for various points throughout the harbor, indicating that the vertical gradient is more important
than the spatial gradient. Specifically, the surface layer flushes in a matter of hours, 36 at the north-
ernmost region, while the bottom layer throughout most of the harbor flushes in about 4 to 6 days.
These two figures are also consistent with PWC's nitrogen data, in Figure 14, showing surface con-
centrations that are different from the layer measured only 3 meters below. Although the discharge of
effluent from the WWTFFK is on the bottom of the harbor, it too represents a large mass of mostly
fresh water that is much less dense than seawater. Figure 18 shows a conceptual model of the rapid
rise to the surface of such freshwater effluent plumes.

Given this rapid rise, in conjunction with the geographical position of the outfall at the entrance to
the harbor and the strong influence of a northeastern wind, one can speculate that much of this input
may be blown out of the harbor before it ever has any chance to be driven inwards on a flooding tide.
The presence of the strong northeastern wind-induced currents may also explain why high mass
loading from the streams do not cause higher ambient concentrations at the north of the harbor. In
fact, the ambient concentrations at the DOH station are significantly lower than stations to the south,
also supporting the hypothesis that southerly moving surface currents may carry the nitrogen loads in
fresh water surface layers quickly towards the mouth of the harbor.

In summary, the mixing and flushing of surface currents that occur in Pearl Harbor may explain
why ambient concentrations of nitrogen are not rapidly rising due to large mass inputs into the water
body. The monitoring data obtained and examined thus far shows that ambient total nitrogen is aver-
aging about 100 to 200 gg/L throughout Pearl Harbor.
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Small arrows indicate directions and intensities of currents at 1-foot

depth as moved by NE trade winds (source: Naval Undersea
Center, 1974).

North-East
TRADE WINDS3

NORTH TO
HOSPITAL POINT
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SURFACE WATER 1

I

I

I

Figure 16. Conceptual model of water circulation pattern within the Pearl Harbor entrance channel
looking south to north. I

It is important to realize that these calculations are only rough estimates, and there are no historical
or ongoing dispersion studies to validate them. However, the technical capability exists at SSC San
Diego to perform this kind of work as a follow-on to this preliminary assessment, should Shipyard
management deem it necessary.

The following observations summarize the assessment of nitrogen loading and ambient conditions
in Pearl Harbor:

" Comparison of nitrogen concentrations in Shipyard effluent and nitrogen at several ambient
monitoring locations show that both the Shipyard and the WWTFFK represent two distinct
sources.

" Comparison of nitrogen concentrations in Shipyard effluent and nitrogen from potential source
inputs to the Shipyard indicate that groundwater seepage and potable water are more highly
contaminated with nitrogen than the effluent. However, small sample sizes, limited temporal
distribution, and unquantified input amounts (i.e., flow) limit the scientific conclusions that can
be drawn.
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* In all cases of comparisons of ambient or effluent data against the respective WQS for the
different forms of nitrogen (NO,, NH 3, and TN), the one form that most frequently violated its
limit was ammonia, and appeared to be responsible for most exceedences of TN.

* Loading estimates for Pearl Harbor indicate that the Shipyard provides minimum loading
quantities when compared to other sources.

I It appears that both nitrogen input from the Shipyard and ambient nitrogen concentrations in the
harbor have increased from 1990 to the mid- to late 1990s.

* Nitrogen loads are not increasing ambient levels over short periods of time (days to months).I Speculation about dispersion based on limited mixing and flushing characteristics of Pearl
Harbor, when combined with ambient nitrogen concentration data, supports a general hypo-
thetical explanation for this steady state characteristic.
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5. ECOLOGICAL RISK ASSESSMENT FROM ELEVATED NUTRIENTS

This section presents a preliminary ecological risk assessment from potentially elevated water-col- m
umn nutrient levels within Pearl Harbor. Pacific Division, Naval Facilities Engineering Command,
has performed a more extensive ecological risk assessment for Pearl Harbor sediments under the
Navy's Installation Restoration Program. However, the goal of that assessment was to determine the I
influence of historic and ongoing Navy activities upon levels of industrial pollutants (primarily
organic chemicals and metals) and their resulting contamination of nearby sediments and potential
impacts on ecological receptors. That study did not consider non-Navy loading sources, the effects of I
elevated water column nutrients, or the longer-term possibility of eutrophication within the harbor.
To the best of our determination, there has been no previous assessment of nutrients as contaminants
or toxicants, or as indicators of eutrophication in Pearl Harbor.

Data presented earlier in this report indicates that total nitrogen averages between 100 to 200 ýig/L
throughout the harbor with significant point source inputs from streams, the WWTFFK, and the I
Shipyard. These total nitrogen averages are just slightly higher than one-half the State WQS, while

ambient levels for ammonia and nitrate-nitrite appear to be much higher, relative to their respective
standards: Average concentrations for NOx range from 5 to 15 Rg/L (compared to a WQS of 15 i
gg/L); and NH3 ranges from 27 to 50 gg/L (compared to a WQS of 1-0 gg/L). Ammonia and nitrate-
nitrite also show a possible gradient from the harbor head towards the mouth, a gradient opposite to
that of TN, and thus could reflect the significance of surface runoff inputs from the streams.

The most important question to answer, given that there appears to be elevated nitrogen levels in
the harbor relative to the State of Hawaii WQS, is:

"Do elevated nitrogen levels pose a potential risk to designated
beneficial uses of Pearl Harbor, or to the ecological receptors
within the harbor?"

5.1. TECHNICAL APPROACHES FOR ASSESSING ECOLOGICAL RISK AS EUTROPHICATION I
POTENTIAL

In most ecological risk assessments, the stressors of concern are contaminants introduced naturally 3
or anthropogenically which elicit adverse effects through acute or chronic toxicity. Nutrients, on the
other hand, are not typically considered to be contaminants, since by definition, these substances are
essential for maintaining and promoting ecological life, habitat, and health. The adverse effects asso- I
ciated with excessive levels of nutrients are best summarized by secondary symptoms and the poten-tial effects/use impairments described in Figure 19, a simple conceptual model for eutrophication.

There are many different means for assessing potential for undergoing eutrophication. Several
agencies have performed evaluations with a variety of tools and methods, notably the USEPA and
NOAA. Most of the assessments have focused on estuaries and rank the study areas relative to one
another in order to determine management priorities and allocation of resources.

NOAA, for instance, has completed several studies all focused on the severity and extent of eutro-
phication throughout the United States. The National Estuarine Eutrophication Assessment is an i
evaluation of 138 estuaries encompassing over 90% of estuarine surfaces throughout the continental

United States (Bricker et al., 1999). This study is based on 5 years of comprehensive surveys and
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evaluations by leading researchers for each region. Figure 19, taken from that report, illustrates the
symptomatology of eutrophication and can serve as a useful framework in quantifying the relative
degree of eutrophication within an estuary. Primary symptoms include decreased light availability,
algal dominance changes, and increased organic matter production. Secondary symptoms include
loss of submerged aquatic vegetation, nuisance/toxic algal blooms, and low dissolved oxygen. A
detailed method is provided (Appendix A in Bricker et al, 1999) for developing an overall assess-
ment of eutrophication, based on a mixture of qualitative observations and quantitative measure-
ments. In addition to the factors described in Figure 19, this method also considered the reliability of
data used, and results from a series of surveys, interviews, and regional consensus-forming work-
shops among technical experts. These were all integrated to form a synoptic characterization of each
estuary.

EXTERNAL NUTRIENT INPUTS PRIMARY S SECONDARY POTENTIAL EFFECTS AND

AND SUSCEPTIBILITY SYMPTOMS SYMPTOMS USE IMPAIRMENTS

DECREASED LOSS OF LOSS OF HABITAT

LIGHT SUBMERGED COMMERCIAL FISHING
AVAILABILITY AQUATIC RECREATIONAL

VEGETATION FISHING TOURISM

INCREASE OF ALGAL TOXINS

COMMERCIAL FISHING
INFLUENCE OF ]RECREATIONAL FISHING
PHYSICAL AND •HUMAN HEALTH

BIOLOGICAL I PROBLEM SWIMMINGPROCESSES(I,.E., TOURISMNITROGEN ANDý FRESHWATER ALGAL NUISANCE[TOXIC
PHOSPHORUS 1 INFLOW, OMN N E ALGAL BLOOMS --

LUSHING, CHANGES FISH KILLS
WETLANDS

UPTAKE, FILTER COMMERCIAL FISHING
| RECREATIONAL FISHING

AESTHETIC VALUES
TOURISM

LOSS OF HABITAT

INCREASED LOW DISSOLVED COMMERCIAL FISHING

- MANICROXYGEN RECREATIONAL FISHING
MPRODUCTIONT TOURISM

OFFENSIVE ODORS

"AESTHETIC VALUES
TOURISM

Figure 19. Eutrophication model (from Bricker et al., 1999).

Of note is the fact that "nutrient concentration in the water column is not included as a primary
symptom because elevated nutrient concentrations do not necessarily indicate eutrophic symptoms
nor do low concentrations necessarily indicate eutrophication is not present." (Bricker et al., 1999). A
case in point is during peak phytoplankton production when these organisms assimilate dissolved
nutrients from the water column. Of 44 estuaries determined by NOAA to have high eutrophic con-
ditions, only six (14%) had correspondingly high nitrogen levels.
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NOAA also published the earlier Strategic Assessments of Near Coastal Waters which estimated I
the relative susceptibility of estuaries with respect to nutrient-related pollution (NOAA/USEPA,
1989). Susceptibility was determined for each estuary based on the ability to concentrate dissolved
and particulate pollutants. Note that NOAA's assessment approach was focused on dilution and
flushing which does not account for biological processes that may serve to remove nitrogen from the
water, such as filter feeding organisms, and nutrient use within wetlands. i

Finally, the USEPA has published reports on the variety of endpoints and assessment tools that are
available for evaluating nutrient overenrichment (USEPA, 1995, 1999b, 1999c). In general agree-
ment with NOAA's factors described in Figure 19, this other report describes several endpoints that i
can be used for evaluations. These endpoints are commonly used in eutrophication and nutrientstudies.

Following is a summary of the endpoints and description of their relationships to eutrophication: i
" Light Transmission. High nutrient concentrations promote plankton growth and reduce light

transmission through the water column, causing a reduction in benthic primary production.
Populations of algae and plants die off, as well as fish, causing hypoxia/anoxia and organic
accumulation in the sediments.

" Dissolved Oxygen (DO) Concentrations. Nutrient enrichment is often signaled by excessive
oxygen production in surface waters, leading to supersaturation in some cases, and by hypoxia
(DO = <2 mg/L) or anoxia (DO = 0 mg/L) in deep waters caused by the biological decay process.

" Submerged Aquatic Vegetation (SAW). SAV is sensitive to the available underwater light which
is directly related to water clarity and nutrient loads. Because of this sensitive relationship, SAV
is a good indicator of habitat quality.

" Trophic Alterations/Monospecific Algal Blooms. Nutrient enrichment can cause alterations in
primary production or the consumption of that production in a waterbody. These alterations cause
changes in the food web structure and increase the potential for monospecific algal blooms.

" Dissolved Concentration Potential (DCP). NOAA's application of DCP in assessing
eutrophication uses a nominal nutrient-loading factor (10 K tons/yr) weighted for total volume
and freshwater turnover in order to estimate contaminant concentrations in the water column.

" Nitrogen/Phosphorous Ratio. Phytoplankton use an approximate atomic ratio of nitrogen to
phosphorous of 16:1 for optimal growth. Since there are site-specific and species-specific factors
that determine the exact optimal ratio for any water body, the practical working range of optimal
ratios is 10:1 to 20:1. The nutrient with the lesser atomic proportion relative to the specific
optimal ratio is considered the limiting nutrient (i.e., limits phytoplankton growth)
(NOAA/USEPA, 1999).

" Biological Indicators. Long term analysis of changes in benthic fauna biomass and composition,
larval fish abundance, and algal and zooplankton species composition can provide information on
the condition of an estuary. These indicators are directly linked to water and habitat quality.

" Algal Growth Potential Test. The use of specific algae in a growth assay can determine which
nutrient in a system is limited, and give maximum potential growth rates. This test has the
advantage of being cost-effective, but the disadvantage of not being able to apply the results to
any site-specific conditions.
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9 Enzyme Assays. Specific enzyme assays have been used to assess phosphorous limitation. This
area of investigation is relatively new and requires more scientific investigation and a larger
database in relation to changes in nutrient enrichment status of any given waterbody.

0 Historical Trends. Long-term records of biotic and physical conditions within estuarine and
coastal waters place nutrient enrichment processes in context with natural long term trends and
weather cycles. This information is useful for calibrating simulation models and management
scenarios.

3 Watershed Loading Models. Modeling tools for watershed nutrient loading, hydrodynamic
interactions, and atmospheric deposition can be applied to estuarine systems to refine the
understanding of a specific environment.

Given wide variability in the types of marine and estuarine waterbodies affected by nutrient over-
enrichment, in addition to climatological differences, it is generally accepted that endpoints are
regional in nature, as opposed to nationwide. The same level of water quality may not be obtained

I with national endpoints because of the wide variety of uses (USEPA, 1995).

Nutrient endpoints might require site-specific adjustment or development within the context of a
total maximum daily load (TMDL). A balance is necessary in choosing endpoints that reflect specificI ecoregion conditions, and choosing those that allow practical implementation (USEPA, 1995).
Although the USEPA has published guidance for the development of nutrient TMDLs (USEPA,
1999c), the primary focus of this protocol has been on lakes and rivers. Specific guidance on devel-
oping nutrient TMDLs in estuarine waters has not been promulgated. However, the document does
refer to a general principle that applies to all systems:

... .the availability of data influences the types of methods that developers can use. Ideally, extensive
monitoring data are available to establish baseline water quality conditions, pollutant source loading, and
waterbody system dynamics. However, without long-term monitoring data, the developer will have to use
a combination of monitoring, analytical tools (including models), and qualitative assessments to collect
information, assess system processes and responses, and make decisions. The degree of complexity in
the methods used within individual TMDL components also may vary (USEPA, 1995).

5.2. SELECTING AN APPROACH FOR PEARL HARBOR

An extensive literature search has not identified specific eutrophication concerns within Pearl
Harbor. However, Pearl Harbor has historically been primarily controlled and occupied by the U.S.
Navy. It is reasonable to conjecture that the Navy's dominant presence has limited the number of
ecological studies in Pearl Harbor due to the water body's limited number of beneficial and/or desig-
nated uses. Information on studies and observations that are relevant are mostly qualitative. Based on
SSC San Diego's experience over the decades in studying, working, and observing this water body,
visible eutrophication was apparent in Pearl Harbor only when vessels and STPs discharged primary
and untreated effluents into the harbor during the 1950s through 1970s. These discharges were pri-
marily into Middle Loch, Southeast Loch, and at the entrance channel near Iroquois Point. STP efflu-
ents were finally diverted out of the harbor during the early to mid-1980s (Grovhoug and Fransham,
1997, personal communication). This visible eutrophication was documented in 1974 during an
extensive biological survey of Pearl Harbor. "The occurrence of red tides in Pearl Harbor appears to3 be a relatively recent phenomena, documented only within the past several years." (Evans et al.,
1974).
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Currently, observations of impaired water clarity have been related to sediment loading from I
ephemeral rain events, and suspension/resuspension in the water column (Grovhoug and Fransham,
1997, personal communication). However, it does not appear that the water clarity problems are
associated with algal blooms, which would be an indicator of excessive nutrient loading into the I
system.

With respect to overall aquatic ecosystem health, a more recent study concluded "...based on com-
parison of biodiversity studies conducted in the early 1970s and recently, marine environmental con-
ditions are of higher quality than in the past when silt runoff, sedimentation, and water contamination
once precluded establishment of viable coral reef assemblages within Pearl Harbor. Coral species I
have been reported colonizing hard substrata in the entrance channel and other locations within the
harbor" (Coles et al., 1997).

There is enough data to perform some preliminary eutrophication evaluations for Pearl Harbor and
to make some comparisons with national trends. Since very few measurement data or even qualita-
tive observations were made in Pearl Harbor to support use of NOAA's 1999 technical approach
(Bricker et. al., 1999), the SSC San Diego authors decided to employ NOAA's simpler technical
approach from 1989. An evaluation of the DCP was performed so that the results could be compared
to those associated with NOAA's Strategic Assessment of near Coastal Waters (NOAA /USEPA,
1989) that has been completed for all regions of the continental United States. By applying a widely i
used DCP approach to the loading and ambient nutrient data presented previously in this report, a
qualitative ranking of eutrophication risk can be determined, relative to an existing data set of many
urban estuaries and harbors throughout the U.S. I

A DCP is a hypothetical ambient water column concentration (derived from a hypothetical 10,000-
ton load) that is used to compare the relative abilities of waterbodies in their assimilation of intro-
duced pollutants. "The DCP characterizes the effect of flushing and estuarine dilution on a load of a
dissolved pollutant to an estuary, assuming average concentration throughout the estuary and steady-
state conditions. The DCP is a relative measure of overall potential and does not reflect site-specific
conditions within an estuary. A high DCP value suggests that an estuary is likely to retain or concen-
trate a load of dissolved pollutant. A low DCP suggests that an estuary has significant dilution ability
(due to large estuarine volume) and/or rapid flushing ability (due to rapid volume replacement)"
(NOAA, 1989).

With loading information presented earlier, a DCP can be calculated for Pearl Harbor and used to
derive estimated water column concentrations. DCP estimates can be compared to mainland estuaries I
to allow classification relative to nutrient load, and included in a qualitative relative ranking of eutro-

phication risk. There are limitations to DCP use:

1) The DCP method assumes a vertically homogenous well-mixed system (which increases in

accuracy as mixing increases).

2) DCP assumes a recognizable freshwater inflow component to infer pollutant distribution.

3) The method does not take into consideration the effects of biological uptake, recycling,
and regeneration (NOAA, 1989).

5.3. PEARL HARBOR EUTROPHICATION RISK 3
There are four terms used in this section to describe different aspects of the eutrophication assess-

ment for Pearl Harbor. Although there is obvious overlap among the four in their generic uses, there I
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are very specific uses applied in this report. The first term, "susceptibility," relates directly to
NOAA's use of this term in combining the DCP and Particle Retention Efficiency (PRE) (explained
below) in a determination of relative susceptibility of our nation's estuaries to eutrophication. The
second term, "potential," is used in two different ways. The first use is with NOAA's "DCP" in
which "potential" defines hypothetical concentrations of water bodies under nominal 10,000-ton
annual loadings. The other use of "potential," when not specifically associated with DCPs, is its use
as a synonym for "likelihood" or "possibility." The third term, "status," refers to NOAA's incorpo-
ration of actual loadings into the DCP/PRE equation to predict site-specific ambient concentrations.

-- Finally, the fourth term, "risk," is used in this report as the final overarching evaluation of eutrophi-
cation, resulting from the combination of the NOAA hypothetical evaluation with the actual ambient
data presented previously in this report.I
5.3.1. The Dissolved Concentration Potential (DCP) for Determining Eutrophication
Susceptibility, Status, and Risk

Data from the NOAA Strategic Assessment Branch was combined with data obtained from Evans
(1974), as well as calculations contained in this review. This information is useful in assessing the
eutrophication potential of Pearl Harbor and its relative relationship to other harbors throughout the
United States.

NOAA uses the DCP as one of its standard waterbody evaluation tools (Equation 1). The DCP
approach is a means to predict ambient concentrations of any conserved (i.e., no transformation, deg-
radation, etc.) chemical or pollutant by estimating flushing and dilution based on waterbody volumes
and freshwater turnover volumes. In the assessment of overall eutrophication potential, NOAA
applies the DCP in a two-stepped process.

The first step allows an evaluation of the eutrophication "susceptibility" of an estuary relative to
other estuaries throughout the United States by comparing both the waterbody's DCP and PRE. The
PRE is the ability of a waterbody to trap suspended particles and the pollutants adhered to those par-
ticles (Equation 2). This assumes that the relative ability of an estuary to trap sediments correlates to
its ability to retain any associated toxic pollutant (NOAA/USEPA, 1989). In general, higher DCP and
PRE values indicate that an estuary will be more likely to retain or concentrate a dissolved pollutant.
Lower DCP and PRE values indicate that an estuary has significant dilution and flushing abilities due
to a larger overall volume and/or a rapid volume replacement. Since the purpose is to compare
flushing/retention capabilities across a spectrum of waterbodies without respect to site-specific load-
ings, a nominal annual 10,000-ton load of nutrient (e.g., nitrogen, phosphorous, etc.) is used in thisfirst step.

Equation 1: Dissolved Concentration Potential Calculation (DCP)

DCP = L e (VYb / i fw) * (l/Vtot)

Where:

L = loading rate

Vfw = estuarine freshwater volume

if,,= freshwater inflow

Vtot= total estuarine volume
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The second step incorporates site-specific loadings of specific nutrients into the DCP equation I
above to assess waterbody "status." These loads are plotted against the 10,000-ton DCP value in
order to predict an ambient concentration. This characterization estimates the concentration of a
specific pollutant in the water column by substituting a site-specific loading value ("L" in Equation I
1) for the nominal 10,000 ton/year loading rate.

NOAA had previously established three concentration ranges for estimating relative eutrophica-
tion status based on empirical data:

* low concentration = below 0.1 mg/L

* medium concentration = between 0.1 and 1.0 mg/L

* high concentration = above 1.0 mg/L 3
These effects-based levels are based on observed estuarine characteristics at different nutrient lev-

els and are adopted directly from the Chesapeake Environmental Quality Classification Scheme
(NOAA/USEPA, 1989). High nutrient concentrations are associated with high chlorophyll levels, ,
low species diversity, and occasional red tides, while low nutrient concentrations are associated with
high diversity of aquatic life (NOAA/USEPA, 1989). This report on Pearl Harbor takes the classifi-
cation scheme a step further by adopting these concentration "status" ranges as relative risk bounda- 3
ries, based on NOAA's correlation of nutrient concentrations with eutrophication effects.

Equation 2: Particle Retention Efficiency (PRE) 3
PRE=C/I

Where: n

C = estuarine volume

I = annual freshwater inflow 3
We have introduced a third and final step in SSC San Diego's effort to evaluate eutrophication

"risk" in Pearl Harbor by comparing ambient data for Pearl Harbor with other harbors using an 3
empirical national assessment of DCP data. Since the purpose of the DCP is to estimate ambient con-
centrations based on waterbody volumes and flushing/turnover rates, then any available long-term
consistent data set of ambient nutrient concentrations should be considered for use in place of the
calculated ambient values. Such a data set is available for Pearl Harbor, as discussed in depth previ-
ously in this report.

5.3.2. Estimating Relative Susceptibility to Eutrophication with PRE and DCP

As described for Step 1 in the previous section, the DCP and the PRE are calculated for Pearl
Harbor using a standard pollution-loading rate of 10,000 tons/year, as specified by NOAA in the U
following calculations:

I
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Calculation 1: DCPfor Pearl Harbor with Standard Loading Rate

3 DCP = L • (VfW / if,) e (1/VN,,)

Where:

L = 10,000 tons/ year (constant value used)

V& = 2,500,000 m3 (Evans, 1974, p3.3-73)

if,, = 9 m3! second (Evans, 1974, p3.3-46)

Vtot = 144,000,000 M3 (Evans, 1974 p3.3-73)

With the following unit conversions:

1 m3 = 1,000 L

1 year = 31,536,000 seconds

I ton = 907,184,740 mg

DCP = 10,000 tons/year . (2,500,000 m3/9 m3/sec) * (1/144,000,000 M3
) • (1 m3/1,000 L) (1 year/31,449,600 sec) (907,184,740 mg/1 ton)

DCP = 0.56 mg/L

Calculation of PRE for Pearl Harbor

PRE=C/I

Where:

C =144,000,000 m 3

1=9 mi3! second

With the following unit conversions:

1 year = 31,536,000 seconds

PRE = (144,000,000 m3 / 9 m3/sec) • (1 year / 31,449,600 sec)

3 PRE = 0.51

Based on the these results, Pearl Harbor has a medium DCP and a medium PRE (Figure 20) when
compared to other estuaries, which indicates an average susceptibility for eutrophication.

It should be remembered, however, that this susceptibility rating is just an indicator of the potential
for eutrophication and does not consider specific nutrient loads or concentrations in Pearl Harbor.

5.3.3. Estimating Pearl Harbor Eutrophication Status Using DCP and Actual Loadings

A hypothetical concentration of a contaminant in a waterbody can be estimated by replacing the
10,000 tons/year standard loading rate in the DCP equation (Equation 1) with a waterbody specific
loading rate (Equation 3). Using the estimated nitrogen loading rates for Pearl Harbor previously
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calculated in section 4.6.1 of 347 to 124 tons/year (wet season/dry season) yields a predicted total I
nitrogen concentration in Pearl Harbor of 0.013 to 0.0193 mg/L (or 19.3 to 6.9 gg/L).

Equation 3: Estimated Wet and Dry Season Concentration of Pearl Harbor Nitrogen I
DCP = L * (Vf, / ifw) * (l/Vie,)

Where:

L = 347 tons/year (wet season loading) and 124 tons/year (dry season loading)

Vf = 2,500,000 m3 (Evans, 1974, p3.3-73)

if" = 9 m 3/ second (Evans, 1974, p3.3-46)

Vtot = 144,000,000 m3 (Evans, 1974 p3.3-73)

With the following unit conversions: 3
1 m 3 = 1,000 L

I year = 31,536,000 seconds

I ton = 907,184,740 mg

DCP = 347 tons/year . (2,500,000 m3/9 m3/see) * (1/144,000,000 M
3
) 0 (1 m3/1,000 L) o (1 year/31,449,600 sec) 9 (907,184,740 mg/1 ton) I

DCP = 124 tons/year * (2,500,000 m3/9 m3/sec) * (1/144,000,000 M
3

) . (1 m3/1,000 L) * (1 year/31,449,600 sec) ° (907,184,740 mg/1 ton)

TN conc (PH wet) = .0193 mg/L (ppm) or 19.3 gg/L (ppb) 3
TN conc (PH dry) = .0069 mg/L (ppm) or 6.9 g.g/L (ppb)

The results from equation 3 are combined with NOAA (NOAA/USEPA, 1989) estimates from the I
Strategic Assessments of Near Coastal Waters and are presented in Figure 21 to compare potential
for eutrophication with respect to nitrogen loading. In Figure 21, DCP and annual nitrogen load are
two variables that yield the predicted ambient conoentrations (wet and dry season, based on DCP
estimates). The estimated concentrations, along with the mean measured ambient concentration (0.17
mg/L), the Hawaii WQS (0.3 mg/L), and the "boundary" concentrations separating low/medium risk
(0.1 mg/L) and medium/high risk (1.0 mg/L) are all plotted as isoconcentration lines. Recall that pre- I
viously, when considering just PRE and the DCP in Step 1, Pearl Harbor had a medium susceptibility
for eutrophication relative to all other estuarine locations (Figure 20). Now, when adding the best
available loading estimates, the wet and dry season data yield two of the lowest "estimated" con- I
centrations, relative to other harbors in the U.S. (Figure 21).

5.3.4. Estimating Pearl Harbor Eutrophication Risk Based on Ambient Data and Empirical I
Criteria from National DCP Studies

In summary, the first two steps of the NOAA DCP approach in estimating eutrophication relative
susceptibility and status can be very useful when ambient data on nutrients is lacking for a water
body. In proceeding to a third assessment step in which the large data set of historical ambient nitro-
gen concentrations are incorporated, the actual ambient nitrogen concentrations are higher than pre-
dicted above by Equation 2. In Figure 21, the 0.17 mg/L isoconcentration is based on the geometric
total nitrogen mean of the ambient station means shown in Figure 4 (RW-03, RW-07, Ref 600,
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DOH). Consistent with the results of Equation 1, the isoconcentration line of 0.17 mg/L indicates a
medium eutrophication risk, relative to all other U.S. "estimated" ambient concentrations (Figure3 22). Harbors plotting above 1.0 ppm are considered to have high eutrophication risk, while those
falling below 0.1 ppm have low eutrophication risk.

For Pearl Harbor, however, the "medium risk" assessment from Equation 3 is more scientifically
valid than Equation 2, since it is based on actual ambient data - the isoconcentration line of 0.17
mg/L. More accurate characterization of nutrient loading and flushing would probably serve to bring
the two (wet and dry season) estimated isoconcentration lines closer to the true ambient conditions.
Recognizing that the hypothetical DCP ("calculated generic DCP" of 0.56 mg/L in Figure 21,
marked by vertical dashed line) and/or estimated nitrogen load could be inaccurate, there are many
ways to arrive at the ambient isoconcentration of 0.17 mg/L. Three points are plotted on the line to
demonstrate that a spectrum of possibilities exist, by which DCP and load estimates can intersect at
the ambient isoconcentration line. If Point #1 reflected the truth, the DCP would have been closely
approximated and our nitrogen loading estimate of 124 to 347 tons/year would have been low by 2

-- orders of magnitude. Point #2 would reflect a correctly estimated loading value combined with a
DCP that is actually much greater than the calculated one, indicating a more poorly flushed water
body. Finally, Point #3 reflects the other end of the spectrum from Point #2, an actual DCP that is
much lower than calculated (i.e., better flushing than predicted) coupled with a nitrogen load that is
much higher than was estimated (by 4 orders of magnitude). It would be futile to speculate on a
definitive reason for the low predicted concentrations without further data, but the following discus-
sion highlights some possible causes.

Several potentially significant loading sources remain unquantified due to lack of information. For
instance, nutrient-contaminated groundwater is a likely source of loading, as discussed previously in
this report, yet little is known about its contribution via underground seepage. Another unknown
nitrogen loading source is localized atmospheric deposition of both anthropogenic (i.e., man-made
emission sources such as automotive and power plant exhaust, and volatilization of ammonia during
fertilizer application) and natural (volcanically-derived) nitrogen (Health and Huebert, 1999). The
DCP method is best used to characterize estuaries that are vertically homogenous and well mixed
(NOAA/USEPA, 1989). As conditions deviate from these ideal characteristics, the DCP characteri-
zation will be less reliable. Pearl Harbor can be generally described as a two-layer flow estuary with
some vertical mixing (Evans et al., 1974). The vertical mixing is not considered strong, and it is
noteworthy that one of the most important factors contributing to mixing was considered to be ship
traffic (Evans et al., 1974). In summary, the DCP calculation could have over-estimated flushing,
suggesting that if the DCP formula had contained a term for expressing the small degree of vertical
mixing, then the calculated DCP could have been higher, approaching the Point #2 scenario.

Notably absent from the DCP formula is any consideration of nutrient assimilation by the ecosys-
tem and corresponding loss of nitrogen from the water column. If this uptake is more important than
any reduced flushing phenomenon (i.e., yielding a greater mass loss of nitrogen from the water col-
umn), then the DCP would have been over-estimated. Such a lower DCP, plotted to the left of the
one shown in Figure 21, could combine with a highly under-estimated nitrogen load to intersect the
isoconcentration line between Points #1 and #3. On the other hand, if the loads missed in our calcula-
tions are not too large and the reduced flushing is more important than nitrogen assimilation, then a
DCP to the right would intersect the ambient concentration line between Points # 1 and #2. It should
be noted that for the known nitrogen sources, conservative estimates (i.e., assuming worst-case) for
mass loads are always used. For example, the geometric mean concentration for nitrogen in the
Waikele stream (a massive water source) was used to be representative of all tributary input to Pearl
Harbor, and Waikele drains a watershed region with expected higher nitrogen loads.
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Only more accurate characterization of nitrogen loading and dispersion will give us additional
insight on the particulars of the disparity between predicted and ambient nitrogen values. However,
the presence of a long-term data set of ambient values renders the differences almost moot beyond
stimulating academic discussion, since ambient data from this report indicates that Pearl Harbor has
medium eutrophication risk.
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5.3.5. Controlling Nutrients When Eutrophication is Indicated

Regardless of the qualitative ranking determined in Figure 21, regulators may still insist that it is
necessary to control the input of nutrients to the system. The standard approach for determining
which nutrient is limiting (nitrogen or phosphorous) is to examine their concentration ratios in the
water column.

While nitrogen is the subject of this report, the SSC San Diego authors performed some
preliminary calculations (Appendix A, p. A- 18) to get a better understanding of the influence that
phosphorous imparts on the Pearl Harbor eutrophication issue. Based on estimated loading and I
nutrient levels, the N:P ratio for Pearl Harbor appears to range from 5:1 (dry season) to 7:1 (wet
season). As described in Section 5.1, a ratio under 10:1 (N is in lesser proportion relative to optimal
atomic ratio) points to a more cost-effective management solution in reducing nitrogen loading U
(USEPA, 1999b). Note that from a mass loading perspective, the more significant problem is with
the nutrient that is in excess (phosporous in this case). However, since the objective is to prevent
maximum productivity rates (achieved by nitrogen and phosporous together with sunlight and i
optimal temperature ranges), it is easier to target the nutrient that is at the lower levels relative to the
optimal atomic ratio. Consequently, the regulatory focus on nitrogen in Pearl Harbor would be
warranted if eutrophication indicators were present. The issue is whether or not these indicators are i
present. Based on this study, no obvious eutrophication indicators are present; however, it appears
that focused efforts have not been made to examine the potential problem (i.e., no information was W
available related to the many symptoms of eutrophication presented earlier in Figure 21).

Recommended monitoring strategies and management options applicable to all estuaries impacted
by nutrient loading, including Pearl Harbor, are shown by Figure 22 (Bricker et al., 1999). Pearl
Harbor is best represented in the first assessment condition "Estuaries with No or Low Symptoms. " Con-
sidering the medium risk (step 3) calculated in this report, "preventive measures" may be warranted.
However, given the relative absence of eutrophication indicators, "early warning monitoring" may be
more appropriate.
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ENVIRONMENTAL TRIAGE MANAGEMENT RESPONSE

Assessment of Eutrophic Condition Assessment of Considerations for Priority Setting

and Human Influence Susceptibility and Actions Needed

I_ _ Preventive Measures

Moderate to 0 * Early Warning Monitoring
High

Estuaries with No or Susceptibility
Low symptoms 0 Preventive Measures

Low Overall Eutrophic __ Low - * Early Warning Monitoring
Conditions Susceptibility

I None-to-Low Primary
Symptoms Unknown or Low 0 Susceptibility Research

Confidence in 0 and Analysis
None-to-Low Secondary Susceptibility
Symtoms

0 Nutrient Management
(reduce input)

Impacted Estuaries- * Remediation (restore sea
Human Influenced grasses, oyster beds,
Eutrophication Moderate to wetlands, etc.)

Moderate-to-High Susceptibility * Research
Eutrophic Conditions I

Moderate-to-High Nutrient Management
Human Influence Susceptibility - (reduce inputs)Nutrient Inputs(rdcinus

Impacted Estuaries- U o Research
"Naturally Occurring" Unknown or Lowi

e.g., Toxic Blooms, Susceptibility 1 Susceptibility Research
Low Human Influence and Analysis

"Naturally * Research (likages
Occurring" between nutrients and

Unknown/Low Ssymptoms, e.g., harmful
Assessment algal bloom research)
Confidence

Eutrophic Conditions

Nutrient Inputs 0 Assessment of Eutrophic Condition

* [. Assessment of Nutrient Inputs

Spriority need for requires more requires less
basic assessments 0 intensive effort 0 intensive effort

Figure 22. Framework for developing a national strategy (from Bricker et al., 1999).
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6. CONCLUSIONS AND RECOMMENDATIONS

Four main issues and associated recommendations can be gleaned from the results of this nutrient i
assessment.

1. Monitoring Ambient Conditions I
The monitoring data reviewed in this report was assumed to be representative of typical or average

ambient conditions. However, there are two major problems with this assumption: the actual data
may not be temporally or spatially representative. The data that is paired temporally (i.e., month by
month) are in fact compiled from distinct sample collection events that may not have had any asso-
ciation among one another. Specifically, monitoring data for a given month from the various stations
may have been taken on different days of the month that may have reflected totally different envi-
ronmental or operational conditions. This is true even for the collections from the various dry docks.
Likewise, the data that represents different ambient monitoring stations are collected by different
agencies at different times using different methods. Furthermore, a grid of so few stations may not be
sufficient to characterize the entire area of Pearl Harbor. If personnel are to be deployed to collect
data in the harbor, it seems that it would be cost-effective in the long run to have them collect data
from many stations that together represent a more extensive and systematic sampling design of the
harbor, with broader spatial coverage.

2. Assessment of Sources and Mass Loads

Ammonia appears to be the form of nitrogen that violates the Shipyard permit limits most fre-
quently, but it is closely followed by the other two forms. Comparison of nitrogen concentrations in
Shipyard effluent and nitrogen potential source inputs to the Shipyard indicate that groundwater
seepage and potable water have higher concentrations of nitrogen than the effluent. However, small
sample sizes, limited temporal distribution, and unquantified input amounts (i.e., flow) limit the sci-
entific conclusions that can be drawn. In the future, in order to truly understand the characteristics of
the effluent's effect, monitoring should be conducted to obtain time-series data during various opera-
tional regimes, from the times of minimal discharge to the times of maximum discharge. For exam-
ple, this data could be collected in 1-hour segments over periods lasting 1 or more days. SSC San I
Diego has developed tools and methods for examining groundwater seepage between coastal lands
and adjacent water bodies, which could be applied to study the tidal pumping phenomenon (i.e., is
groundwater contaminating surface waters or vice versa?). I

For the effluent and influent measurements, the Shipyard should ensure that the sampling is not
confounded by other variables, such as sampling points that introduce contaminants that are not rep-
resentative of the effluent. One example is the sampling of effluent in atypically anoxic conditions
caused by the cycling of nitrogen from its oxidized to reduced forms (i.e., from NO, to NH3).
Another example might be the sampling of sumps where trapped organisms have decayed in a stag-
nant pool of effluent.

The Shipyard should conduct systematic monitoring on its property to find sources of nitrogen
entering from non-Shipyard locations that are causing high nitrogen levels in Shipyard effluents. I
Additional monitoring could be conducted to track the flow and concentrations of nitrogen, nitrate-

nitrite, and ammonia from groundwater and potable water from their respective points of entry to the
Shipyard to their eventual discharge through the dry dock outlets.
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Finally, attempts should be made to further refine the nitrogen loading sources and quantities,
including the effect of elevated nitrogen in groundwater discharge to Pearl Harbor, the degree of
localized atmospheric nitrogen deposition, and the magnitude of stormwater contributions.

3. Modeling Nutrient Fate and Effects

As indicated from the comparison of DCP-predicted concentrations with actual ambient data,
mixing and flushing characteristics of Pearl Harbor may require better characterization. It is possible
that wind-induced currents produce more dynamic flushing than is predicted by the DCP. Two com-I plementary technological approaches for evaluating hydrodynamic characteristics have been imple-
mented in other Navy harbor locations (e.g., San Diego Bay, Sinclair Inlet) by SSC San Diego.

First, the real-time environmental mapping capability of SSC San Diego's Marine Environmental
Survey Capability (MESC) could be employed cost-effectively to assess nitrogen sources, gradients,
and dispersion in the harbor during an intensive survey period of 1 to 2 weeks. MESC has been used
to map many water quality contaminants and other parameters in Navy harbors (Chadwick et al.,
1999; Katz, 1998; Katz et al., 1999).

Second, the data collected with MESC could also be used in conjunction with SSC San Diego's
hydrodynamic modeling capabilities to develop a fate and transport model for nitrogen that could
predict dispersion scenarios under myriad loading and environmental conditions that are not observ-

able during the survey periods. SSC San Diego has experience in tailoring standard hydrodynamic
models for use in Navy harbors (Wang and Richter 1999; Wang, 1998; Wang et al., 1998), and for
specific use in evaluating nutrient processes (Wang et al., 1999) that are not addressed in this pre-
liminary assessment. Because of the evidence supporting a vertically-stratified system with at least a
surface layer and a bottom layer, a 3-dimensional modeling capability should be considered.

4. Management Response to Eutrophication Concerns

In the larger context (e.g., waterbody and watershed scales), PHNSY plays a relatively small role
as a nutrient loading source. Loading estimates for Pearl Harbor indicate that the Shipyard may pro-
vide less than 7% of the overall nitrogen loading, compared to far more significant loads contributed
by other identified sources such as streams (e.g., 88% of the ammonia).

Focusing specifically on nitrogen concentrations in Shipyard effluents, there are levels approach-
ing and sometimes surpassing State WQS, which are obviously a concern to the local regulatory
authorities. However, the question arising from this assessment is "Are these levels of nitrogen
causing any eutrophication symptoms in Pearl Harbor?"

The assessment in this report, which used a national NOAA program to rank a multitude of U.S.
harbors and estuaries with respect to eutrophication potential/risk, determined that Pearl Harbor
had a medium risk. Furthermore, studies and qualitative observations to date have not yielded any of
the classic eutrophication symptoms discussed in a NOAA comprehensive assessment of nutrient
enrichment in the nation's estuaries.

Based on this report's assessment and the acknowledgement that regulatory scrutiny continues, it
is recommended that future monitoring be focused on the eutrophication concerns. Since several
national programs have determined that there are specific "indicators" which are useful in monitoring
efforts to provide early detection of eutrophication problems, it is highly recommended that the Ship-
yard propose to substitute other monitoring activities (e.g., frequent chemical-specific measurement
of effluents, since years of such data already exist) with this more relevant eutrophication-focused
monitoring in the receiving waters. Such monitoring activities may provide long-term data that could
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support a conclusion that current eutrophication concerns are not valid. Finally, if eutrophication I
symptoms are observed, such monitoring would permit more focused management response.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

60



I

7. REFERENCES

I Atta, Glenn. Pearl Harbor Naval Shipyard. 1999. E-mail message from attagk@phnsy.navy.mil to
Ron Gauthier and Chip Johnson (cjohnso@spawar.navy.mil), Subject: PHNSY Nutrient Data.

* 21 October.

Bowersox, V. C., Program Coordinator. 1999. "National Atmospheric Deposition Program (NADP)"
web page, accessed 8 December 1999 http://nadp.sws.uiuc.edu/default.html.

Bricker, S. B., C. G. Clement, D. E. Pirhalla, S. P. Orlando, and D. R. G. Farrow. 1999. "National
Estuarine Eutrophication Assessment: Effects of Nutrient Enrichment in the Nation's Estuaries."
NOAA, National Ocean Service, Special Projects Office and the National Centers for Coastal
Ocean Science. Silver Spring, MD.

Coles, S. L., R. C. DeFelice, L. C. Eldredge, and J. T. Carlton. 1997. "Biodiversity of MarineI Communities in Pearl Harbor, Oahu, Hawaii with Observations on Introduced Exotic Species,"
Bernice Pauahi Bishop Museum, Honolulu, HI. Technical Report 10.

Chadwick, B., J. Leather, K. Richter, S. Apitz, D. Lapota, D. Duckworth, C. Katz, V. Kirtay, B.
Davidson, A. Patterson, P. Wang, S. Curtis, G. Key, S. Steinert, G. Rosen, M. Caballero, J.
Groves, G. Koon, A. Valkirs, K. Meyers-Schulte, M. Stallard, S. Clawson, R. Streib Montee,
D. Sutton, L. Skinner, J. Germano, and R. Cheng. 1999. "Sediment Quality Characterization,
Naval Station San Diego, Final Summary Report." TR 1777, SSC San Diego, San Diego, CA.

Dollar, S. J., and M. J. Atkinson. 1992. "Effects of Nutrient Subsidies from Groundwater to
Nearshore Marine Ecosystems off the Island of Hawaii." Estuarine, Coastal Shelf Science,
vol. 35, pp. 409-424.

Evans III, E. C. (Ed). 1974. Pearl Harbor Biological Survey-Final Report." NUC TN 11281, Naval
Undersea Center, Hawaii Laboratory, San Diego, CA.

Grovhoug, J. G. 1992. "Evaluation of Sediment Contamination in Pearl Harbor." TR 1502, Naval
Command, Control and Ocean Surveillance Center, RDT&E Division, San Diego, CA.

Grovhoug and Fransham, 1997, personal communication. 2

Health, J. A. and B. J. Huebert. 1999. "Cloudwater Deposition as a Source of Fixed Nitrogen in a
Hawaiian Montane Forest," Biogeochemistry, vol. 44, pp. 119-134.

Higuchi, J. A. 1999. Public Works Center, Navy Region Hawaii, CNRH N465.
(higuchiJA@pwcpearl.navy.mil). 09 Nov. Subject: WWTFFK nutrient effluent data.
E-mail to: Chip Johnson (cjohnso@spawar.navy.mil).

Honolulu Board of Water Supply. 1999. Letter and attachments, 02 August 1999, Honolulu, HI.

Katz, C. N. 1988. "Seawater Polynuclear Aromatic Hydrocarbons and Copper in San Diego Bay."
TR 1768, SSC San Diego, San Diego, CA.

I Now SSC San Diego. TNs are working documents and do not represent an official policy statement of SSC San
Diego. For further information, contact the author.
2 For further information, contact the author.

* 61



U

Katz, C. N., P. L. Noble, D. B. Chadwick, B. Davidson, and R. D. Gauthier. 1999. "Sinclair Inlet
Water Quality Assessment Draft," (Draft only, Final in preparation). Puget Sound Wastewater
Technology Evaluation and Research Project, SSC San Diego, San Diego, CA.

Naval Energy and Environmental Support Activity. 1983. "Initial Assessment Study of Pearl Harbor
Naval Base, Oahu, Hawaii." NEESA 13-002, Port Hueneme, CA.

NOAAIUSEPA. 1989. "Strategic Assessment of Near Coastal Waters." Susceptibility of East Coast
Estuaries to Nutrient Discharges Summary Report. National Oceanographic and Atmospheric
Administration, Silver Springs, MD and United States Environmental Protection Agency,
Washington, DC.

Office of Technology Assessment. 1987. "Wastes in Marine Environments." OTA-O-334. Congress
of the United States, Washington, DC. U

Puckett, L. J. 1994. "Nonpoint and Point Sources of Nitrogen in Major Watersheds of the United
States." Water-Resources Investigations Report 94-4001, U.S. Geological Survey, Reston, VA. i

U.S. Environmental Protection Agency. 1995. "National Nutrient Assessment Strategy: An Overview
of Available Endpoints and Assessment Tools," web page accessed 08 Jan 2000, Office of Water,
United States Environmental Protection Agency.
http://www.epa.gov/owowwtrl/nps/proceedings/overview.html#09

U.S. Environmental Protection Agency. 1997. "Deposition of Air Pollutants to the Great Waters-
Second Report to Congress." EPA-453/R-97-01 1, United States Environmental Protection
Agency, Office of Air Quality, Planning and Standards, Research Triangle Park, NC. i

U.S. Environmental Protection Agency. 1998. "Non-point Source News-Notes: Issue #52
(July/August 1998)," web page accessed 20 Dec 1999, Office of Water, United States
Environmental Protection Agency, Washington, D.C.
http://www.epa.gov/OWOW/info/NewsNotes/issue52/nna52.html

U.S. Environmental Protection Agency. 1999b. "National Nutrient Assessment Strategy: An
Overview of Available Endpoint and Assessment Tools." (Electronic Document). Office of I
Water, United States Environmental Protection Agency, Washington, DC.

U.S. Environmental Protection Agency. 1999c. "Protocol for Developing Nutrient TMDLs," EPA
841-B-99-007. Office of Water, United States Environmental Protection Agency, Washington, I
DC.

U.S. Geological Survey. 1999a. "USGS Oahu NAWQA Homepage," web page accessed 20 Nov
1999, http://wwwdhihnl.wr.usgs.gov/nawqa/index.html.

U.S. Geological Survey. 1999b. "The Quality of Our Nation's Waters-Nutrients and Pesticides."
United States Geological Survey Circular 1225.

Wang, P. F. 1998. "Dilution and Transport of Convention Center Effluent of Copper, Zinc, and
Silver in San Diego Bay." Draft Report for the Port of San Diego. SSC San Diego Draft Report, U
San Diego, CA.

Wang, P. F., R. T. Cheng, K. Richter, E. S. Gross, D. Sutton, and J. W. Gartner. 1998. "Modeling
Tidal Hydrodynamics of San Diego Bay, California," Journal of the American Water Research i
Association, vol. 34, no. 5.

I



I

I
Wang, P. F., J. Martin, and G. Morrison. 1999. "Water Quality and Eutrophication in Tampa Bay,

Florida," Estuarine, Coastal and Shelf Science, 1999 vol. 49, pp. 1-20.

Wang, P. F., and K. Richter. 1999. "A Hydrodynamic Modeling Study Using CH3D for Sinclair
Inlet." Draft. Marine and Environmental Quality Branch, SSC San Diego, San Diego, CA.

I
I
I

I6



g .0

0~0
00 0 000000 00l000.?0 0

ml Nm 000 000 Nm 0m m

* Co o
0,

0, co

00cr- 0
ac

mN

33

Co
Co W, m 0 - 1 - 0NN N N N - N N - N N v I - N N I

W NO, N N V00 0 N)0~ O 0 N N NO N N NC, N- i N-

o Nj0 N )0 N 0 N- N- N N m C) N 0 0 0 N 0 N

-4m 00 -N N N N N N 10 N N IC4 NON N N N N N - - NI If
00

F- NO NOm w 0000 ON 0 0 0 N 0.- N NO O N N NM m - N- 00~ 0 N~ N N~ N- N -cm ~ N O O N O N 0 0 NO - 0 0

0. .4 0ý- N N N N N - N N R vO N cm N Nm Nm N CM

U- In
20

z- CN ON N 00 W CD OND 00 N. ON ON. wO ON N N .eQNI M4 C - - -N N- N N N N --- N N IN,

-, E~
0C N

0 00

Z 0 0

o < 00 N 0 N m N ON Cq 0M C 0 N ON N 00 C MNIL
z o N ON NO N 0m0 0N 0 ) N

0 0 00 00 0 0 0 0 00 0 0 0 0 0

a >=

* A-i



o 00 -v N O 't v N ; m 0 )0 C' ; m ) w w 0)0 ' N. 0 )0 C)N 000 . ) N

M' C ') N N v N- m' v v C' A N M Nv ' ' ' ) - - ' '

Nm N N N C' N M' N Nv M'

.i O - N - Nm C') M N N M' N NY N2 N N ' , ') N - -

0 0 
00 

0

Ij 00

0 C0

00

0)0 ~C'),0

000

01

0)0

01

N)~ -I 0 m )0

NM ' NO C) C, C') C'

0)

Nq N 0 0) N 0) C' V) N 0) )0 N. 0) 0 0) 0 w

0 q V) M' 0) 0) M 0)v) 0 ) N C) N ) 0 N w ' 0 ) C)NI 0) NN0 0 N 0 M' N. 0) ) - 0
E - - - N - - N ~ C) 0 ' ' ' )) - N - N N N. N - N C)N M' V 0) N N

-J I
ca vC ' 0) N4 11 N -W)00 0

- 00 CIO
00

U) 0 0N

0

N. N N.0) 00 N N.q m0 0)w N 0) 0 ) N 0N 0 C) - 0 N N-0 N0 C

o< 00 ')C)0 C)- C' ' N M0 M N Y M N N N 0 Nv ' ' 0) 0 N N.

0~ N. '02 m0 C' m' 0) -m) ' ) 0 0 0 - C' ) N ' )0 - '

o< 00 m M 0 )00 00 0 N.1

0 I W
M N 0 C4

Iz I
ui 0 m m mA-



00

3 -J -,
0*2

ow
Mo.

a E0

01

0 c

00 T-ý ý

E.C

t2 00

w m. C O)

0.2 0. 0

E.2

CA-



0~

U. 7 i Oý 't N

00 mI

0.

-2 oC

0,0

0z

ON - N N N C.0 ~N 0

o InIw1 ~ l
ONv C') C')N

01

4 0 o0 <v ) C') Nm

E0

cl 0,4-

om

-m 00C

ON)

z 0J N C

<

<' C' C' C' 0' C' ' ' ' ' ' 0 '0 S0 ' 0 ' 0 ' 0 '

NO ~ (n 5 N 0 n ON 0 5N0~>0 0

ý- 0

A-4



.0 c
C ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ý 02 'a aa caa 4 ,'a' a a-' aaU a,

3: 0 a - N ' , ' a ' ' ' ' ' ' a a, a ~ , . ~ ' a ' a ' ' ' a 0 a a , aU ' a a a a, a ' a a , 'a 0 'a a ' N ' - ~ i 'a a N N oio d o ' aC, 'a '

-C, a , -

0E 00

Ii qa 'I - 9 (q -R't c q q c? % 7 q C

'a 0

a, N N a, a, ma

En c'a 'a m w v N N N n Cim v N '

Ea a a , a a -' a N ' a a a a

00a' , ,- ' , a - ' , - - , - a

m ~ N a , 0 a a a a a - - a a 0 ' a ' ,' a N ' a 0 ' , '

. a c4 v , 0 m N N c. mn a, a, maN ' a - - N ,a , N

o cn

I~a ' , a, a, a, a, 2 'a a, -) A a, a, a

-J D 00 r 4 O ew
* E

a, ' a, 'a a 'a a, ' o a 'a a, a N O a, - a, a,4

w. oa ' n I , ' n I - ' IN ia 77 N I N 'a N In m, N wa 'a N ma a w

SNN

00-



.0 0> N- 0

0~

.0

0~

0 D0

m

S0

6 00M

01

0> 0 o3

0
0)

0 c

0~

4J :E- -V - -

-j N C',

E 0M
o IL

0W'

.' 0~

00

0

N -N mO cu 3mN
0'a

J WE

0 04

(00
0

ON O - N

09

t0

J 0.

z 0

0 ~A-3



I M

Io N

E

I'

oz

vII
0 

o

o o ) U)l m ) N 00 N 00 w w m 0 m m- PO: . NO N) o a N) m w) U
-J - - - - - -77oz2o cU---------------------U) U)0<0 0 N . - ) U 0 ) 0 O . 0 N U 0 N U

0 0U2..U)O,0o00o- ~ 0 ~ ) N U - N ) ~ 0' ) ~ 0 U

0)

o -C - U

o o, m
F-

o ý. o
N N 

U)o

IL 2 :zI ~I0

* A-7



cli 0 ww wI
('2~ ~ ~~~~~~c V) (0m "t0(2(2, N 00N 0 0

N N N ~~ 0( (0 0 0 ( (0 0(0 - NN (

QoN N - - N N N -l N cq w v

(0 ) N I l 1 iN N q0( 9 . . .- .N N NC00 ,- 0 N (0 N N (
'2 (02 '20)~ N (0~ (2w (0 (0 0 0- N (2 (00 v' N6 N '0 (' N N N NO) (' (' m

0 000cmCjc 0 00 1 v 0 ý w - -w m Cl l m0 U m v v

E

v~ 0' 05
o2 M

0
0)'

NN

0Z

0 '2

(' < 0

m~( Ch N 0o wo~~

0 ' N v (0 ( N (N N N (0 ('o m (' N 0 N( 0 t N N 0 (

O 0(

N ~ c N 'cm0N N 0 ( O N 0( N N N (2 O N (00 ('(4

0 wl

WOo w00(( NU2 0 0 M
w co (' N-m T m m I m N c t v

A LOr'

o mI
A -L N, N N -l z n -L -o N -

-- 8



II
0 WN

IIa
0Io
E

0,0

o o

0

-W a

II
-J Om mo O

*, E~

0 v 0 - 0

- 0)

.2 0,

C, E

w a~

(0c
0N

0~0

0 LL U 0 r

0) - N 0)A-9



I
U

PWC WASTE WATER TREATMENT FACILITY AT FORT KAMEHAMEHA MONITORING DATA

PWC, Navy Region Hawaii, as part of the WWTFFK NPDES support, monitors six surface and 3
six corresponding sub-surface (3 m below surface station) harbor stations along the entrance channel
to Pearl Harbor.

Figures A-I through A-3 represent the April 1998 to March 1999 monitoring period and show I
temporal trends for each station. The data series are listed in approximate south-to-north order where
RWO1 is the furthermost toward sea, RW59 and RW03 bracket the STP outfall, and RW07 is just
south of Hospital Point.

Total Nitrogen. Total nitrogen is elevated at most stations with several instances above the State of
Hawaii WQS of 300 [tg/L. As would be expected, those stations nearest the STP outfall exhibit the
highest total nitrogen concentrations. Station RW07 is the closest to the Shipyard and most

concentrations are below the WQS except for June 1998.

Nitrate-nitrite. Station differences are more pronounced regarding nitrate-nitrite concentrations. As
was the case with total nitrogen, those stations nearest the STP outfall are elevated, especially RW03
which is often 3 to 5 times higher than the WQS of 15 gg/L. 3

Ammonia. Ammonia concentrations are high for most stations compared to the WQS of 10 gg/L.
The variation between stations is much less pronounced than was the case for total nitrogen and
nitrate-nitrite, indicating an overall elevated ambient ammonia level.
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NOSC TR1502 AMBIENT NUTRIENT DATA (MAY 1990)

Total Nitrogen

station surface SD (n=3) bottom SD (n=3)
Total N Total N

BC11 180 56 110 17

BE17 100 15 93 7.1

BC9 120 13 110 24

BE2 110 18 100 12

BE4 120 2 110 10

BE3 110 13 100 16

BE5 110 12 140 48

BE5A 96 1.5 110 20

BE5B 95 1.5 120 26 i
Ammonia

station surface SD (n=3) bottom SD (n=3)
NH4 NH4

BC11 2.2 2.5 3.4 3.6

BE17 5.5 3.6 0.54 0.51 I
BC9 3.1 3.7 3 2.3

BE2 8.2 7.2 7.6 2.8 3
BE4 14 5.7 2.5 2.4

BE3 2.2 2.3 3 2.5

BE5 0.66 0.55 3.1 2.3

BE5A 0.72 0.94 2.2 2.6

BE5B 1.2 1.2 3.8 3.9

II
i
I
I
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NUTRIENT LOADING CALCULATIONSI
Nutrient Loading to Pearl Harbor

WET DRY

Discharfe Breakdown by type (kqor) total nitrogen total nitrogen wet dry

source load (kg/yr) load (kg/yr) % %
PHNSY 2,164 2,164 0.7% 1.9%

Fort Kam STP 53,996 53,996 17.1% 47.7%
assume impacted by stormwater runoff Streams 184,923 26,418 58.5% 23.3%
assume impacted by stormwater runoff Springs 61,4251 21,887 19.4% 19.3%
assume impacted by stormwater runoff Wells 5,648 3,630 1.8% 3.1%
assume impacted by stormwater runoff Shallow aquifers 7,060, 4,236 2.2% 3.7%

Atmospheric Deposition-natural 9601 960 0.3% 0.8%
impacted by HECO, automotive exhaust Atmospheric Deposition-human impact 0.0% 0.0%

sum ALL loads: kg/year
349 125 tons/year

WET DRY
nitrate-nitrite nitrate-nitrite wet dry

load (kg/yr) load (kq/vr) % %
PHNSY 323 323 0.1% 0.4%

Fort Kam STP 38,068 38,068 15.0% 42.8%
Streams 141,285 20,18 55.5% 22.7%
Springs : 61,425 21,887 I" 24.1% 24.6%

Wells 5,648 3,530 2.2% 4.0%
Shallow aquifers 7,060 4,236 2.8% 4.8%

Atmospheric Deposition-natural 747 747 0.3% 0.8%

Atmospheric Deposition-human impact___ 0.0% 0.0%
1 kg = 0.001102311 tons . . •• kg/year

281 98 tons/year
WET DRY

ammonia ammonia wet dry
load (kg/yr) load (kg/yr) % %

PHNSY 547 547 6.5% 24.7%
Fort Kam STP 423 423 5.1% 19.1%

Streams 7,196 1,028 85.9% 46.5%

Springs 0 0 0.0% 0.0%
Wells 0 0 0.0% 0.0%

Shallow aquifers . . .. .0 0 0.0% 0.0%
Atmospheric Deposition-natural , 213 213 2.5% 2.5%

Atmospheric Deposition-human impact 0.0% 0.0%I- sum ALL loads:: 2toskg/year
9 2 tons/year

Phnanhnr,,c

Discharge Breakdown by type (kq/y) total phosphorus total phosphorus wet
source load (kg/yr) load (kg/yr) %

PHNSY 402 402 1.7%

Fort Kam STP 13,623 13,623 57.2%
assume impacted by stormwater runoff Streams 10,948 1,564 6.6%

assume impacted by stormwater runoff Springs 17,009 6,061 25.5%

assume impacted by storrnwater runoff Wells 1,564 978 4.1%
assume impacted by stormwater runoff Shallow aquifers 1,955 1,173 4.9%

Atmospheric Deposition-natural unknown 0.0%

impacted by HECO, automotive exhaust Atmospheric Deposition-human impact! unknown 0.0%

sum ALL loads::

WET DRY
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CALCULATION OF NUTRIENT LOADING BY STREAM INPUT

I
dry year wet year

flow flow Est Max flow Est Min flow
source (MGD) (MGD) (MGD) (MGD)

Waikele West Loch 26 46.4% 6 75.0%
Streams 8 56 Walawa Middle Loch 16 28.6% 2 25.0%
Springs 31 87 Waimalu East Loch 5 8.9% 0 0.0%

Wells 5 8 Kalauao East Loch 1 1.8% 0 0.0%
Shallow aquifers 6 101 Halawa East Loch 8 14.3% 0 0.0%

soeure: Table 2c. Grohog 1992 (TR1502) 56 100.0% 8 100.0%

soure: Table 2a. Grwvhoug 1992 (TR1502)

Nitrate-nitrite
itrate.-nitnte

DRY MGD % of total GD Liters/day L/year conc (ug/L) Load (ugl/year) Load (kg/yr)
Streams 8 16% 8,000,000 30,283,294 11,053,402,409 1826 20,183,512,799,277 20184
Springs 31 62% 31,000,000 117,347,765 42,831,934,336 511 21,887,118,445,602! 7

Wells 5 10% 5,000,000 18,927,059 6,908,376,506 511 3,530,180,394,452L3530
Shallow aquifers 6 12% 6,000,000 22,712,471 8,290,051,807 511 4,236,216,473,3421 4,2361

total 50 100% 50,000,000 189,270,589 69,083,765,058

Streams 56 34.8% 56,000,000 211,983,060 77,373,816,865 1826 141,284,589,594,939 141285
Springs 87 54.0% 87,000,000 329,330,825 120,205,751,201 511 61,425,138,863,462 61425

Wells 8 5.0% 8,000,000 30,283,294 11,053,402,409 511 5,648,288,631,123 5 648
Shallow aquifers 10 6.2% 10,000,000 37,854,118 13,816,753,012 511 7,060,360,788,9041 7,0601

total 161 100.0% 161,000,000 609,451,297 222,449,723,486

I GAL= 3.7$941178 Liters

Ammonia
nitrate-nitrite

DRY MGD % of total GO Lters/day L/year conc (ug/L) Load (uglyear) Load (kg/yr)
Streams 8 16% 8,000,000 30,283,294 11,053,402,409 93 1,027,966,424,060 1,0281
Springs 31 62% 31,000,000 117,347,765 42,831,934,336 0

Wells 5 10% 5,000,000 18,927,059 6,908,376,506 0 0
Shallow aquifers 6 12% 6,000,000 22,712,471 8,290,051,807 0

total 50 100% 50,000,000 189,270,589 69,083,765,058

WET

Springs 87 54.0% 87,000,000 329,330,825 120,205,751,201 0

Wells 8 5.0% 8,000,000 30,283,294 11,053,402,409 0
Shallow aquifers 10 6.2% 10,000,000 37,854,118 13,816,753,012 0

total 161 100.0% 161,000,000 609,451,297 222,449,723,486

1 GAL n7Q84117 I'B lew

Total Nitrogen

DRY MGD % of total GD Ilters/day Lyear (lg/L) Load (ug/year) Load (ko/yr)
Streams 8 16% 8,000,000 30,283,294 11,053,402,409 2390 26,417,631,758,090 2
Springs 31 62% 31,000,000 117,347,765 42,831,934,336 511 21,887,118,445,602 21,8"7

Wells 5 10% 5,000,000 18,927,059 6,908,376,506 511 3,530,180,394,452 I50
Shallow aquifers 6 12% 6,000,000 22,712,471 8,290,051,807 511 4,236,216,473,342 4,2361total 50 100% 50,000,000 189,270,589 69,083,765,058

WET
Streams 56 34.8% 56,000,000 211,983,060 77,373,816,865 2390 184,923,422,306,629 184,923
Springs 87 54.0% 87,000,000 329,330,825 120,205,751,201 511 61,425,138,863,462 81425

Wells 8 5.0% 8,000,000 30,283,294 11,053,402,409 511 5,648,288,631,123 5648
Shallow aquifers 10 6.2% 10,000,000 37,854,118 13,816,753,012 511 7,060,360,7889041 7,060]

total 161 100.0% 161,000,000 609,451,297 222,449,723,486
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