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5.0 CHEMICAL FATE AND TRANSPORT

51 INTRODUCTION

This section presents the results of the fate and trangport analyses of principa chemica
pathways from the terrestria portion of the Bremerton Nava Complex OU B to Sinclair Inlet.
Two trangport pathways were of primary concern: direct groundwater discharge to the inlet and
surface water discharge to the inlet (via stormwater and drydock discharges). Section 5.2
focuses on the groundwater pathway in terms of Washington State marine surface water quality
standards (WAC 201A) and marine sediment quality standards (WAC 173-204). Section 5.2
a0 addresses the terrestrial soil to groundwater pathway consistent with gpplicable state
standards (WAC 173-340-747). Section 5.3 summarizes estimated mass |oadings from the
surface water pathway and compares estimated groundwater and stormwater mass loadings.
Section 5.4 analyses the soil vapor pathway, as required by MTCA (WAC 173-340-745).

Although the findings presented in Section 4 show that many of the highest concentrations of
chemicals of interest (COIls) are found in the nearshore, the overdl spatid pattern of chemica
concentrations in marine sediment gppears fuzzy and variable in the nearshore areas of OU B.
More distinct patterns would be expected if chemicas from the terrestria environment had been
persstently transported to the marine environment. The empirica evidence thus suggests that
ongoing groundwater discharges are not the primary cause of observed chemical contamination
in sediments and thet, by implication, active remediation of groundwater is not judtified.

This section summarizes anayses conducted to estimate potentia trangport of chemicas from
terrediria areas of the nava complex to the marine waters and sediments of Sinclair Inlet.
These anayses were undertaken partly as a check on the findingsin Section 4.

The Section 4 findings were reviewed to identify ashort list of representative chemicals suitable
for detailed andysis of chemicd fate and transport. An emphasis was placed on chemicals
frequently detected in terrestrid and marine OU B at concentrations exceeding regulatory
criteria. The intent was to identify a group of chemicals to serve as surrogates for the longer list
of chemicas detected & OU B. Theimplication isthat if the fate and transport analyses indicate
little or no risk of marine sediment or water column contamination due to transport of the short-
listed chemicals from terrestrid OU B, risks associated with other chemicals can dso be
dismissed.

Five inorganic chemicas—arsenic, copper, lead, mercury, and zinc—and the organic chemica

compounds known as PAHs were initidly identified as candidates for fate and transport
andyses. Asshown in Section 4, the inorganic chemicals have been frequently detected and
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identified as COIsin OU B soil, groundwater, and marine sediment. PAHs were frequently
detected in soil and marine sediments and were identified as COIsin soil, sediment, and
groundwater. These chemicas were suggested as possible candidates for andysis during
discussions in October 1997 with Ecology and EPA staff regarding the approach and scope of
the FS. Regulatory agency staff agreed that these were gppropriate chemicals for detailed fate
and trangport studies and suitable surrogates for the full list of chemicals detected at the naval
complex . It was subsequently agreed to add PCBs to the short list of chemicas for fate and
trangport andyses given the role of PCBs as the basis for the recently completed OU B marine
sediment cleanup. These seven COls—arsenic, copper, lead, mercury, zinc, PAHS, and
PCBs—thus became the chemicals of concern (COCs) for the fate and transport analyses.

After consultation with regulatory agency staff beginning in 1997, three nearshore, terresiria
groundwater areas were salected as critical source areas for the groundwater pathway. Many of
the highest concentrations of the chemicas to be used in the fate and transport andyses were
detected in samples collected from these areas of OU B. These areas are also the primary OU B
locations where the groundwater to inlet pathway is comparatively direct, without intervening
quaywalls or bulkheads. Thethree areas are Site 10 West in the western part of OU B; Site 1, on
the shore in the center of OU B; and Site 8 (demolished Building 106 underground tanks areq),

in the eastern part of OU B. The results of the anayses of groundwater pathways for Sites 10
Wed, 1, and 8 are compared with the estimated stormwater mass loadings from the western,
centrd, and eastern aress of the Site, respectively.

Estimates of chemica transport for the groundwater and stormwater pathways make use of
information contained in Section 5 of the original 1996 draft Rl. Thisdraft RI maerid is
included in thisfina verson of the Rl as Appendix RR.

52 GROUNDWATER PATHWAY

This section summarizes the andytica models used to estimate potentia trangport of chemicals

by groundwater that discharges directly to marine surface waters and sediments of Sinclair Inlet.
The andytical models do not include either groundwater flow to the drydocks or surface water
discharge from the drydocks. The drydocks are discussed as part of the surface water pathway in
Section 5.3.

The andyticd models were developed to supplement and complement the groundwater chemical
fate and transport discussions in the draft RI (URS 1996b, Appendix RR) and to provide a
practical means to andyze potentid impacts on the marine environment. The numerica
MODFLOW/MT3D groundwater modeling used in the draft Rl was not extended to estimate
potentia impacts to the marine environment because of the limitations of that modding
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approach to practicaly ded with the inherent complexity, varigbility, and uncertainty in
conditions that affect marine protectiveness at the Bremerton Naval Complex.

Analytical Models. The anayticd models address the groundwater pathway that starts with
chemicasin Ste groundwater. Groundwater that discharges to Sinclair Inlet transports these
chemicds to the marine surface waters and sediments of the inlet. The models are used to
edimate quantities caled “ marine protectiveness measures.”  The three marine protectiveness
measures and the models used to estimate them are asfollows:

Chemica mass fluxesto Sindair Inlet. Estimates are made using the Chemica
Flux Modd.

Offshore mixing lengths or distances required to mest Washington State marine
surface water standards (SWS) (WAC 201A). Estimates are made using the
Surface Water Mixing Length Mode!.

Duretion of time before groundwater flux raises chemica concentrationsin the
biologicdly active upper 10 cm of nearshore marine sediment to levels above
Washington State sediment management standards (SMS) sediment qudity
standards (SQS) (WAC 173-204). Estimates are made using the Sediment Time
Duration Modd.

Modd estimates of these protectiveness measures were intended to provide atechnicaly
defensble bass for evauating the potential need to develop remedid dternaivesin the FS for
control of chemica transport via groundwater discharge from the Bremerton Nava Complex to
theinlet. Neither the andyss nor its results precludes a requirement for gppropriate long-term
groundwater monitoring based on the remedy sdlected in the ROD.*

Further, the estimates are scientific approximations and, like al estimates, must be interpreted.
The mode results should be interpreted in the context of their purpose and with an adequate
understanding of their assumptions, hypotheses, and limitations. This section isintended to
provide that understanding.

!It is anticipated that the ROD will incorporate the standard CERCLA requirement that long-term monitoring results

be reviewed every 5 years. Monitoring resultsindicating that site conditions differ from model predictions or that

site conditions are changing could trigger future discussions between the Navy and agencies on the possible need for
additional cleanup.
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The protectiveness models are summarized in Sections 5.2.2 through 5.2.4, with supporting
andyses and detallsin Appendices TT through XX. Results usng the andyticd models are
presented in Section 5.2.5 for five inorganic chemicas of concern (COCs) and two organic
COCs.

Chemicals of Concern. Asdiscussed above, seven COCs were selected for detailed andysis
based on discussions with regulatory agency staff. The five inorganic COCs were

Arsenic
Copper
Mercury
Lead
Zinc

The five inorganic COCs are metds, with the possible exception of arsenic, which is sometimes
described asa“metdloid.” The two organic COCs were

PCBs
PAHs

The PAHs were separated into LPAHs and HPAHSs. The andyses were handled somewhat
differently for inorganic and organic COCs.  These differences are briefly introduced in the
following.

Analysis Differences Between I norganic and Organic Chemicals. Except for mercury, the
inorganic COC concentrations in Site groundwater were high enough to be detected in laboratory
anadyses of groundwater samples. This meant that actua, measured COC concentrations could
be used to estimate protectiveness measures. Therefore, except for mercury, measured
concentrations were used in the analyses. Because there were no detections of dissolved
mercury, concentration estimates were based on detection limits.

In genera contrast to the inorganics, the organic COC concentrations in Site groundwater were
generdly too low to be detected in laboratory andyses of groundwater samples. The vast
majority of samples showed no detections (nondetections made up, respectively, 97, 91, and
84 percent of the PCB, HPAH, and LPAH samples). The few detections of PCBs and PAHS,
which are suspected to be artifacts of imperfect sampling,? appear to be unrepresentative of true
gte conditions.

?Only unfiltered samples were analyzed for organic compounds, consistent with common practice. Further
discussion on thistopic is presented in Appendix WW, aswell asin Sections 5.2.2.1 and 5.2.4.10.
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Representative concentrations of PCBs and PAHSs in Site groundwater are thus too low to be
detected. Because of this, and to avoid potential concerns associated with estimating Site
concentrations that are below detection limits, the following “parametric gpproach™ was taken
for PCBsand PAHSs.

For PCBs and PAHS, the protectiveness measures were andyzed and presented as a function of
Ste groundwater concentration taken as an independent parameter.  Although %2 the minimum
detection limits were consdered estimates of maxi mum site concentrations, the entire range of
concentrations of |aboratory detection limits (i.e., the vast mgority of results for PCBs and

PAHSs) and the detections were graphed on the same graphs of protectiveness measure versus site
groundwater concentration. This parametric presentation gpproach (with groundwater
concentration as an independent variable) has the advantage of dlowing readers to draw their

own conclusions as part of interpreting the results from the analyses, as presented in

Section 5.2.5.

The parametric gpproach was used for chemica fluxes, loads, mixing lengths to meet SWS, and
timesto reach SQS in marine sediments. Estimates for mixing lengths were limited to PCBs
because SWS are not available for PAHs.

Site Areasof Concern. Asdiscussed in Section 5.1, three nearshore, terrestria groundwater
areas of particular concern were selected as critical source areas for the groundwater pathway a
the Bremerton Nava Complex:

Site 10 West in the western area of OU B
Site 1, inthe central areaof OU B

Site 8 (demolished Building 106 underground tanks area), in the eastern area of
ouB

These sites were selected because they reasonably represent the geographic extent of OU B that
is nearshore with areas containing high concentrations of dissolved inorganic COCs. The
inorganic chemica concentrations assgned to each of these areas were considered a reasonable
maximum for each area, based on available groundwater measurements. Moreover, because the
resulting protectiveness measure estimates are based on maximum measured groundwater
concentrations, estimates are effectively representative of “hot spot” conditions, not average or
“typicd” conditions.

3The “parametric approach” simply means that the protectiveness measures are graphed against groundwater
concentration taken as an independent “ parameter.”
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521 Terredrial Soil to Groundwater Pathway

Shdlow groundwater moving onto the site from upgradient upland areas flows through the
terregtrid fill materid underlying the site before discharging to theinlet. This terrestrid fill
materid isthe primary source of chemicds a the Ste, as documented in Section 4. Chemicasin
the stefill become dissolved in the groundwater in two generd ways, thet is, as

Groundwater flows through thefill (saturated zone flow)

Infiltrated surface water percolates through the fill to groundwater (vadose or
unsaturated zone flow)

Viaether saturated or unsaturated flow, the trangport of chemicas from the solid phase in fill to
the dissolved aqueous phase in groundwater is caled leaching. Although leaching mechanisms
can be complex and variablg, it is because of leaching that chemicasin the stefill are the source
of chemicasin Ste groundwater. In addition to leaching, a secondary source of chemicas
dissolved in groundwater may result from liquid chemica spills or leeks that percolate directly

to the groundwater.

Appendices W, X, and Y discuss and document the leaching characterigtics of Site soilsfor
chemicds that include the inorganic COCs arsenic, copper, mercury, lead, and zinc. The
information in these gppendices was supplemented with the following empirical andys's based
on measured chemical concentrations in soil and groundwater samples collected during the RI.
These measured concentrations represent quasi-equilibrium conditions for OU B—that is, a
aufficient amount of time has dgpsed for migration of chemicas from soil into groundwater and
the characterigtics of the Site (e.g., depth to groundwater and infiltration) are representative of
future conditions.

Soil-Groundwater Concentration Ratios. Soil-groundwater concentration ratios for the site
were cdculated using measured chemica concentrationsin soil and groundwater samples
collected during the RI. The soil samples were taken from soil borings that were completed as
groundwater monitoring wells. For the five inorganic COCs, the average concentration for the
s0il samples from each boring was computed. The ratio of this average concentration in soil to
the dissolved concentration in groundwater was then computed for each monitoring well. The
resulting soil-groundwater concentration ratios represent effective soil-groundwater partitioning
coefficients, or K, vaues (expressed in units of L/kg), including any associated dilution effects
between soil pore water (leachate) and groundwater. Appendix WW provides details.

The soil-groundwater ratios are an estimate of the chemica concentration in groundwater
associated with the chemica concentration in source soil. For example, aratio of 1,000 would
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indicate that groundwater concentrations are gpproximately 1/1,000 (one-thousandth) of soil
concentrations. These ratios can be reasonably interpreted as only sitewide or large-scae
averagesfor severd reasons.

Naturd spatid and tempord variability associated with soil-groundwater
partitioning
Aggregation effects resulting from al upgradient sources (not just the immediate

area of agiven monitoring well) that influence chemica concentrationsin
groundwater a any particular location

Spatialy sparse data and gatisticd variability

Because of these effects, low soil-groundwater ratios at specific monitoring well locations
should not be interpreted as groundwater hot spots.

The andyss was limited to the inorganic COCs. Representative or meaningful ratios could not

be computed for PCBs or PAHs. The frequency and numbers of PCB and PAH detections were
inadequate, and the few detections in groundwater were suspected to be sampling artifacts. Asa
practical dternative, estimates of upper bound ratios for PCBs and PAHSs can be based on
equilibrium partitioning theory (U.S. EPA 1996; Lyman et a. 1992; WAC 173-340-747).

Resultsand Conclusions. Appendix WW presents the analysis results. These results for
inorganic COCsindicate that soil concentrations are many thousands of times grester than
groundwater concentrations. Source soil concentrations that are protective of the inlet (viathe
groundwater pathway) are thus thousands of times greater than the corresponding protective
concentrations in groundwater. Conversdly, if a particular groundwater concentration is
protective of the inlet, then the corresponding protective soil concentration is thousands of times
gredter.

The results of Appendix WW are consstent with the general conclusion for OU B that because
measured chemica concentrations in groundwater (under effective or quasi-equilibrium
conditions) are protective (of surface water), then so is the source soil that led to those
groundwater concentrations. These results are consistent with WAC 173-340-747, which alows
deriving soil concentrations for applicable groundwater cleanup levels established under WAC
173-340-720 based on protection of surface water, using an “empirica demongtration,” as
established in WAC 173-340-747(3)(f) and (9).

Painly put, this assessment concludes, as part of the overal groundwater analyss, that site soil
is protective of surface water because Site groundwater is protective of surface water. The
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groundweter andlysis documented in the remainder of Section 5.2 demondrates ahigh
probability that site groundwater neither exceeds SWS (WAC 173-201A) nor resultsin
exceedances of SQS (WAC 173-204).* To reiterate, Site oil concentrations are protective of
surface water for the groundwaeter pathway. The remainder of Section 5.2 dedls with the
transport of chemicals dissolved in groundwater that discharges directly to the inlet.

5.2.2 Analytical Models of Marine Protectiveness M easures

Intended to be relatively smple yet technicaly defensble, the andytica models of groundwater
transport of chemicasto the inlet were designed to estimate three marine protectiveness
measures. To reiterate, these marine protectiveness measures and their associated models were

1. Chemica mass fluxesto the inlet, estimated using the Chemica Hux Modd

2. Offshore mixing distance required to meet marine surface water qudity criteria
(SWYS), estimated using the Surface Water Mixing Length Model

3. Elgpsed time before chemicas in nearshore surficia sediments exceed marine
SQS (sediment quality standard) levels, estimated using the Sediment Time
Duration Modd

Both the surface water mixing lengths and sediment concentration times were coupled with the
chemicd flux. Each andytica modd included a deterministic formulatior? and a corresponding
probabiligtic formulation. These two formulations are introduced in the following discussion.

Determinigtic Formulation. The deterministic formulations or models represent the

physics of each protectiveness measure and form the basis for the probabilistic formulation.
Chemicas were assumed to be transported by groundwater as dissolved speciesin uniform,
one-dimensiona advective flow to theinlet. Chemical concentrations in the inlet were based on
meass balances for assumed mixing conditions. The deterministic modds are summarized in
Sections 5.2.2.1 through 5.2.2.3, with supporting analyses and mathematica details documented
in Appendices TT through WW.

The determinigtic modds were formulated as mathematical functions of input parameters that
represented spatia and temporal averages over the spatid regions and tempord durations
contributing to the protectiveness measures (see Vanmarcke 1983 for arigorous theoretical
development of spatia-tempord averages). The accuracy of the determinigtic formulations was

‘It is assumed that an appropriate groundwater compliance monitoring program, consistent with WAC 173-340-
720(9), will be used to demonstrate protection of surface water, based on the remedy selected in the ROD.

Page 5-8

*As used here, the terms “model” and “formulation” are functionally synonymous and can be used interchangeably.
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congrained by uncertainty in the estimates of the input parameters. Probabilistic methods were
adopted as a practicd means of dedling with this uncertainty, as discussed next.

Probabilistic Formulation. The probabilistic formulations dedt with uncertainty in the
protectiveness measure estimates in a mathematicaly coherent way. The intent was to quantify
and communicate uncertainty and avoid unnecessary or excessve compounding conservatism.
Similar probabilistic methods were previoudy used for estimating groundwater discharge fluxes
and offshore mixing distances for OU A at the nava complex (URS 1995n; and Rohrer et d.
1996).

Uncertainty was characterized as parameter uncertainty.® The mgjor input parameters required
by the deterministic models represent spatial and tempora averages of phenomenathat are
naturaly variable. Generdly, naturd variability and limitations in available data support awide
range of potentia parameter vaues while poorly supporting any single point value. Natural
variability and data limitations thus result in parameter uncertainty.

The probabiligtic formulation dealt with parameter uncertainty by including al potentia values,
weighted by their relative degree of likeihood. More redigtic, robust, and reliable results were
obtained by using thisrange of parameter vaues rather than single point values.

The following sections describe the protectiveness measures and the anaytical models. The
deterministic formulations are discussed first, followed by the probabilistic formulations.
Table 5-1 lists the protectiveness measures and their model input parameters. Figure 5-1
provides a smple idedized schematic of the input parameters. Mathematicd details are
presented in Appendix TT, with supporting development in Appendices UU and VV.

5.2.2.1 Chemical Flux Model

Flux measures the rate at which chemical massin groundwater entersthe inlet. Specificdly, flux
is measured as the mass of chemical per unit area and time that enters the inlet via groundwater
discharging directly to theinlet. The flux was measured as a“unit flux” per linear foot of
shoreline (mass per unit time per foot). The unit flux was used to estimate the “chemica load”
for agiven totd length of shordine (mass per unit time).

®For the analyses, parameter uncertainty isintended to include effects of model uncertainty. There are tradeoffs
between model complexity (or “accuracy”), model uncertainty, and parameter uncertainty. For example, parameter
uncertainty can increase with model complexity such that total uncertainty is unchanged. In thiscase, “simple
models are better.” Model complexity that increases accuracy without compromising increases in parameter
uncertainty decreases uncertainty and error. In these cases, in terms of accuracy, “more complex models are better.”
See, for example, NRC 1990.
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Because flux measures the rate & which chemica massis trangported to the inlet via
groundwater discharge, it directly influences the chemical concentrations in marine surface
water and marine sediments. FHux is thus the basic measure of chemicd transport for the
groundwater pathway.

The chemicd flux was estimated using the Chemical Hux Modd, which is fundamentd to the
other two moddss, the Surface Water Mixing Length Modd and the Sediment Time Duration
Modd. Because of the fundamental importance of this modd to the other two models,
important common aspects of the anadyses are discussed here as part of the flux modd.

The Chemical Flux Modd was based on Darcian advective transport, a specid case of the more
generd advection-dispersion equation (e.g., NRC 1990). More specificaly

The unit flux for each COC was gpproximated by the unit advective flux for each
COC. The unit advective flux was estimated as the product of the groundwater
discharge rate to the inlet and the concentration of the COC dissolved in the
groundwater.

The groundwater discharge rate (water mass per unit time per foot) was estimated
as the product of the specific discharge (water mass per unit time per unit areq)
and the area of discharge. The specific discharge was estimated from Darcy's law
as the product of the hydraulic conductivity of the terrestrid soil and the average
hydraulic gradient (equivaent to afreshwater gradient).

The concentrations of the COCs dissolved in groundwater were estimated from
monitoring wells sasmpled during the RI.’

Important agpects of the flux analysis are discussed in the following paragraphs. The discusson
garts with issues related to chemical concentrationsin groundwater.

Chemical Concentrationsin Groundwater. The“true’ chemica concentration reflects the
true chemica mass trangported by groundwater flow to theinlet. This true concentration may
generdly include both a dissolved phase and a trangportable colloidd phase. As explained in the
following paragraphs, the true concentrations were estimated from filtered or “dissolved”
samplesfor inorganic COCs. Only unfiltered or “total” concentrations were available for
organic COCs because filtered samples were not collected in the RI for organic chemicals.

"Because maximum measured concentrations were used in the various protectiveness measure analyses, resulting
estimates are representative of hot spot conditions, not average or typical conditions.
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COC concentrations were estimated from groundwater samples collected in monitoring wells.
Seepage and gravity forces during sampling cause soil particles from the formation to enter the
monitoring well. Chemicals attached or “ sorbed” to these suspended soil particles become part
of the groundwater sample and are included in the unfiltered total sample concentration—even
though these soil particles do not flow with groundwater moving through the soil. Totd (i.e.,
unfiltered) concentrations can thus include a sampling artifact or bias that overestimates the true
concentrations that flow with groundwater.

Filtered or dissolved samples are used to reduce the potentia bias associated with total
concentrations. Filtering removes suspended particles larger than the filter pore size of

0.45 micron, which is at the very upper end of the colloid range (e.g., E.M. Thurman, Organic
Geochemistry of Natural Waters, 1985, as cited in Lyman 1992). Particles larger than colloids
(i.e, larger than 0.45 micron) are unlikdy to flow with groundwater. Filtering does not remove
either colloids or suspended particles less than 0.45 micron.

Filtering thus removes suspended particles that are larger than colloid Sze. These particles are
suspended in groundwater samples by sampling procedures and are therefore unrepresentative of
the true groundwater concentration. To the extent filtering passes particles that do not flow with
gte groundwater, chemical concentrations from dissolved analyses will dso exceed the true
chemica concentrations that flow with ste groundwater. Nevertheless, in practica terms,
filtering provides the most reasonable measurement of concentrations that are being transported
in Ste groundwater.

With the foregoing in mind, groundwater chemical concentrations were handled differently for
inorganic and organic COCs. These differences were introduced in Section 5.2. Building from
that introduction, the following discussion expands on the inorganic COCs,

Inorganic COCs. Except for mercury, the inorganic COC concentrationsin Ste groundwater
were high enough to be detected in laboratory analyses of groundwater samples. Therefore,
measured COC concentrations were used to estimate fluxes and resultant protectiveness
measures.

For inorganic COCs, the maximum dissolved COC concentrations in samples measured during
the RI in nearshore monitoring wells were used as the dissolved COC concentrationsin
discharging groundwater.? Maximum concentrations overestimate the flux contribution from
aress having concentrations less than maximum. Because dl points have not been sampled, the
true spatialy averaged concentration is uncertain. Using the maximum measured concentration
increases the probability that the true average has not been underestimated. Based on

®Because lead at Site 1 and zinc at Site 8 had no reported dissol ved concentrations, the highest total result was used
to set upper limits on potential dissolved concentrations.
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discussions with regulatory agency staff, maximum measured concentrations were used as an
expedient and smple way to ded with uncertainty in dissolved COC concentretions.

Organic COCs. In contrast to the inorganics, the organic COC concentrations in site
groundwater were generdly too low to be detected in laboratory anayses of groundwater
samples. Because the vast mgjority of samples showed no detections, measured organic COC
concentrations were not directly used to estimate fluxes and resultant protectiveness measures.
Instead, a parametric approach was used, as discussed in Section 5.2.

This digtinction between how inorganic and organic COCs were handled in the anadlysesis kept
tacit in the following discussions. This dlows the important concepts to be expressed without
loss of generdity while avoiding the needless distraction of repetitively qudifying thet the
organic COCs were analyzed using a parametric approach.

Groundwater COC Concentrations and Saltwater Dilution Effects. Chemicd flux was
approximated as advective flux from groundwater discharging to theinlet. The dissolved COC
concentrations in discharging groundwater were estimated from samples measured in monitoring
wells. Before the downgradient discharge point (the terrestrid/marine interface), these chemical
concentrations may be reduced by seawater mixing due to natura tidal advection and dispersion
effects. Groundwater concentrations measured upgradient of the discharge point may thus
overestimate the true groundwater concentrations at the discharge point. However, dthough
COC concentrations may be reduced, the overall chemical flux would not be sgnificantly
changed by seawater mixing, as discussed in the following.

It isimportant to first recognize that chemical flux (mass per unit time per unit areg) in
groundwater (or surface water) is the sum of two components:

Advective flux
Digpersve flux

Advective flux is the product of chemica concentration and specific discharge. Dispersive flux
is the product of concentration gradient, effective soil porosity, and a dispersion coefficient.
Dispersive flux is poditive in the direction of decreasing chemica concentrations. Thereisno
dispersve flux if there is no concentration gradient.

Chemicd dilution in groundweter due to tidaly induced seawater intrusion and mixing can
cregte a chemica concentration gradient with concentrations decreasing in the direction of
groundwater flow. Although such a concentration gradient reduces advective flux in direct
proportion to the reduced concentrations, the gradients create a compensating dispersive flux.
The net effect is no change in the overdl chemicd flux.
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This conclusion that chemica flux from discharging groundwater would not be sgnificantly
affected by seawater mixing is based on the analyss documented in Appendix UU. This
gppendix andyss focuses on the potentia effect of chemica dilution in groundwater resulting
from tidaly induced seawater intrusion and mixing. Thistidaly induced mixing isindirectly
measured by groundwater sdinity. The relationships between chemical concentration, flux, and
sdinity are developed in the appendix.

Appendix UU dso includes results of adata andysis of COC concentrations and sdinity
measured in groundwater samples collected during the RI from OU B monitoring wells. The
measurements condtitute the available concentration-sdinity data for the Bremerton Nava
Complex. Theandysis of available dataindicates no sgnificant pattern of chemica
concentration changes with sdinity changes, that is, the RI data show no discernible
concentration-sainity gradient. However, because of access and subsurface condraints, nearly
al wells are located more than 100 feet from the shore; this generdly limits the observed data
pattern to Site locations more than 100 feet from the inlet, precluding areas closest to the
shordine.

Y et the Appendix UU andysis decisvely predicts that a measurable negative concentration-
sdinity gradient and resultant dispersive flux does occur upgradient of any groundwater
discharge point. In practicd terms, this clearly indicates that negative concentration-sdinity
gradients and dispersve fluxes become generdly and effectively significant only in mixing
zonesthat are downgradient of existing monitoring wells, an area extending inland about

100 feet. Asdemondrated in Appendix UU, the upgradient advective flux entering a
consarvaive mixing zone is equd to the totd flux within and discharging (exiting) that mixing
zone. This meansthat the tota flux discharging OU B to the inlet can be gppropriately
approximated as advective flux using the Rl concentration data, without consideration of
sinity. That is, since the RI data show no discernible concentration-sainity gradient, the
dispersve flux is effectively zero, making the totd flux equd to the advective flux, as detalled in
Appendix UU. Simply put, for any COC, the groundweter advective flux estimated using RI
concentration data is the best available estimate of totd flux discharging to theinlet. The
uncertainty in these esimates is handled probabilisticaly to provide rdigble results to the extent
practicable.

To summarize and reiterate, the total groundwater chemicd flux discharging to the inlet can be
reasonably gpproximated by the advective flux using the available measured COC

concentrations in RI monitoring wells without consderation of sdinity. In particular, it would

be demonstrably incorrect and inaccurate to use so-caled “ maximum seawater dilution corrected
freshwater concentrations’ to estimate the chemicd flux, as detailed in Appendix UU.
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Spatial Averages. Flux estimates represent both spatial averages over the discharge area of
concern and temporal averages over the time period of concern. Because the parameters
determining flux are naturaly variable from point to point, appropriate val ues represent
aggregate properties averaged over the spatid region contributing to the flux. In addition, the
hydraulic gradient was a daily average over time, accounting for tidal and seasond effects.

The chemica load represents the unit flux integrated over a given totd length of shordline.
Chemical load was estimated as the sum over the totd shoreline length of the product of the unit
flux and the corresponding length of shoreline over which the unit flux was occurring. For a
congtant unit flux, chemical load was estimated as the product of the unit flux and the given totd
length of shoreline.

Time Effects. Flux was assumed to be congtant over time—with respect to time averaging over
tidal cycles and other short-term tempora variations as well as longer term changes. Flux time
effects are discussed separately for protectiveness measures related to surface water and marine
sediment.

Surface Water. At the point of groundwater discharge, the time-dependent or instantaneous flux
will generdly follow thetidd cycle. Theingtantaneous flux will exceed the time-averaged flux®
whilethe tide isfdling, and it will be exceeded by the time-averaged flux while the tide is

risng.”® The Appendix VV andysis demondtrates that the time-averaged flux will overestimate
surface water concentrations compared to the time-dependent flux. The time-averaged flux is
therefore a conservative representation of the time-dependent instantaneous flux.

Assuming that chemical flux from discharging groundwater is congtant over the long termisa
conservative gpproach for estimating chemical concentrations in surface water and for estimating
concentrations in marine sediments, as discussed next.

Marine Sediments. For estimates related to marine sediment concentrations, time averaging of
flux over short-term variations is gppropriate. Chemicas from discharging groundwater
accumulate in sediments cumulatively over time periods on the order of decades, centuries, or
longer. Short-term variations have negligible effect over these time scales.

Although short-term variations in flux are not important, long-term effects could become
ggnificant. Over the long term, chemica concentrations in Site groundwater, and the resultant
flux, will generally decrease due to source depletion.

*The time-averaged flux is the instantaneous flux integrated over a completetidal cycle normalized by the time
duration of thetidal cycle.
©Thereis alag time between the tide cycle and the flux cycle, which is not important to this discussion.
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Source depletion generdly represents dl natura attenuation processes. This includes the
transport of chemicals out of the source zone, to the extent that it occurs, aswell asdl
biogeochemica effects and, for organic COCs, chemical degradation. Although not srictly part
of source depletion, over time the effects of natura degradation will reduce organic
concentrations within the marine sediment. Source depletion will occur provided there are no
ggnificant new sources—that is, provided source control is effective (or more accuratdly, that
net source depletion exceeds net new sources).

Because of source depletion, assuming that the current flux remains constant over the long term
is a conservative gpproach for estimates of the time to raise marine sediment concentrations to
SQS levels. More refined estimates that include source depletion effects would predict longer
times

Drydock Effects. The groundwater discharge rate was estimated from Darcy’s law. Inlimited
cases a reduction factor was included to account for flow restrictions to the inlet from quay walls
or groundwater interception by drydock dewatering. For these conditions, the groundwater
discharge rate was estimated as the product of the reduction factor, the hydraulic conductivity of
the terrestrid soil in the discharge region, the hydraulic gradient in the discharge region, and the
area of discharge.

The reduction factor (R) represents the theoretical, time-averaged retio of hydraulic gradient
with quay walls and drydock dewatering to the hydraulic gradient in the absence of these two
effects. However, because drydock dewatering is considered much more influentia than quay
walls, the reduction factor is primarily ameasure of drydock dewatering.

Setting the reduction factor to 1.0 (R=1.0) smulates groundwater discharge and flux in the
absence of quay walls or drydock dewatering. The reduction factor isless than 1.0 to the extent
the hydraulic gradient is reduced by quay walls, drydock dewatering, or both, and is less than
zero (i.e, negative) for anet gradient into the shipyard from the inlet.

The most important utility for the reduction factor has to do with estimating flux under the
“worgt casg” scenario of no drydock dewatering. That is, by smply setting the reduction factor
to an exact value of 1.0 (R=1.0), the effect of quay walls and drydock dewatering disappears
from the flux estimates, R=1.0 is equivaent to no (zero) reduction in groundwater discharge.

A reduction factor of lessthan 1.0 (R=0.02) was used only to estimate groundwater flux and

mixing lengths for Sites 1 and 8 for the particular case “with drydock dewatering” because these
stes are srongly influenced (in fact, dominated) by drydock dewatering. Estimates for these
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stesfor the case “no drydock dewatering” used no reduction (R=1.0). Although Site 10 West
may be affected by a partia quay wall, to be conservative, no reduction was assumed (i.e,
R=1.0) for both cases (“with” and “no” drydock dewatering).

It is emphasized that no reduction (i.e., R=1.0 only) was used to estimate potential groundwater
influences to marine sediments. First, groundwater intercepted by drydock dewatering is, sooner
or later, discharged to the inlet; therefore, drydock dewatering does not redlly dter the longer
term influence of groundwater on marine sediments since these influences are cumulative over
time. Second, the predicted times for recontamination of marine sediments by direct
groundwater discharge to the inlet are on the order of millennia (if not “infinite’), atime horizon
likely well beyond drydock dewatering.

Flow Path I dealization. Groundwater flow at the sSite is unconfined. FHow occursin the upper
aurficid layer of random fill that varies from about to 20 to 50 ft in depth, aswdl asinthe
underlying native soils. For the following reasons, it is the groundwater flowing through the fill
to the inlet that is consdered the mgor source of chemica |oading to the inlet from direct
groundwater discharge:

Fill isthe source of the COCs in discharging groundwater.
Groundwater in the fill has the highest measured COC concentrations.

How paths from thefill to the inlet are of minimum lengths and maximum
hydraulic gradients compared to deeper flow paths.

Hydraulic conductivity in thefill is generdly higher then in underlying native
soils.

The Chemica Flux Mode was thus formulated with the shalow flow in mind. Because the
modd is one-dimengond, the potentid effects of more complex flow patterns must be
interpreted. The modd explicitly represents flow paths dong the longitudind direction of
groundwaeter flow, which, in the absence of drydock dewatering, isidedlized as occurring in a
direction gpproximately perpendicular to the shoreline. In vertica cross section, this flow
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direction defines a groundwater flow plane. Groundwater flow in the flow planeis further
idedlized as congsting of two components, one rlatively shalow and one relatively deep:

Rdativey shdlow flow through the fill materid that discharges to the inlet dong
the shordline, primarily through riprap or under quay walls

Reatively deep flow through naturd glacid soils underlying thefill thet
discharges to the inlet dong the nearshore seefloor, through marine sediments

Although the Chemicad Hux Modd represents primarily shalow flow, it implicitly includesa
deep flow component that is lumped with the shalow flow. The parameter vaues chosen for the
mode determine how much contribution comes from shalow flow as opposed to deeper flow.
Because the mgor source of flux isfrom the shalow flow, the parameter estimates emphasized
the shalow flow component, as discussed in the following paragraphs.

Surface Water. Assuming that the flux estimated by the Chemical FHux Modd isentirely
shdlow flow is consdered appropriate for anayzing surface water mixing lengths because it
gives the most conservative results (i.e., longer hypothetical mixing distances). As such, model
inputs for estimating SW'S protectiveness should reflect conditions associated with shalow flow,
which discharges to the inlet dong the shordine primarily through riprap or under quay walls.
Modd output needs to be interpreted in a consistent manner, considering probable chemical
behavior under shalow flow conditions.

Marine Sediments. The Stuation for marine sediments is more complicated because of potentia
influence by flux from deeper flow. However, the influence of deeper flow to the critical top

10 cm of marine sediment™ is minor compared to the influence of shallow flow because of the
following two mgor reasons

Deeper flow would generdly have sgnificantly less chemica flux than would
shdlow flow because of lower chemica concentrations and hydraulic gradients
(from longer flow paths) that result in lower specific discharges.

Deeper flow must travel along distance through marine sediment before
discharge to surface water. These travel distances are on the order of hundreds to
thousands of centimeters. To the extent chemica mass was logt to the sediment,
the portion logt within the last 10 cm before discharge (i.e,, the biologicdly active
zone) would be negligible.

“The top 10 cm of marine sedimentsis considered the biologically active zone, where SMS apply.
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Flux from shdlow flow is therefore aso considered the principa source for effects to the upper
10 cm of marine sediment.

The foregoing discussion makes clear that the Chemica Flux Mode requires gppropriate
interpretation for both input characterization and output evaluation. The Chemica Flux Modd
isintegra to the other two marine protectiveness measures and models, which are discussed
below.

5.2.2.2 Surface Water Mixing Length Model

Discharging groundwater mixes with marine surface water (seawater) from theinlet. Provided
that ambient seawater concentrations are less than groundwater concentrations, the mixing
causes the concentrations of chemicals in groundwater to decrease in proportion to the volume of
seawater that mixes with the groundwater.

For each COC, estimates were made of the hypothetical volume of seawater needed to decrease
the measured groundwater concentrations to marine SWS. These volumes were used to estimate
corresponding lengths (per unit discharge areq) required to decrease groundwater concentrations
to SWS. These lengths, which vary with the COC, were termed “mixing length required to
achieve SWS.” The lengths were assumed to start at the groundwater/seawater discharge point
to the inlet.

In terms of marine SWS, the mixing lengths were consdered to be a protectiveness measure
representing the potentia impact of chemica mass flux from discharging groundwater on marine
surface water in Sincdlair Inlet. For example, short mixing lengths can be assumed to represent
smal impactsin terms of SWS, and longer lengths would represent grester impacts.

A smple model was devel oped to estimate a mixing length required to achieve SWS for each
COC. Themodd is based on the concept of a continuous mixed reactor located within the inlet
at the groundwater/surface water interface. Thismodel can be considered a crude, but
conservative, representation of the advection-dispersion phenomena that occur when a chemica
in groundwater discharges to surface water. The advection-dispersion equation classicaly used
to describe thiskind of phenomena® provides the basis of amore accurate analysisthet is
developed in Appendix VV and used to support the smple mode described below.

2See, for example, U.S. EPA 1985; Boyle et d. 1974; Chang 1998; Chaudhry 1996; Ward and Montague 1996;

Huber 1993; French 1985; Tschobanoglous and Schroeder 1987; Bear 1972, 1979; Tracor 1971. Chemical
concentrationsin both groundwater and surface water are modeled using the same fundamental differential equation,
the advective-dispersion equation.
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The modd was developed as follows. The COC concentration from discharging groundwater
and the exigting, ambient seawater concentration was formulated by amass balance in an
imaginary inlet mixing volume (IMV).

The imaginary IMV was defined to start in surface water at the point of groundwater discharge
and extend into the inlet adistance equd to the mixing length. By definition, the IMV precludes
seaweter mixing with groundwater in the terrestria zone before discharge. This restriction
ignores the potentid for groundwater concentrations measured in monitoring wells to be reduced
before discharge to theinlet. The IMV concept thus forces a non-zero mixing length.

The volume of the IMV was estimated as the product of the mixing length and a vertical mixing
area per foot of shordine. The vertical mixing areawas set equd to the groundwater discharge
area.

The IMV was assumed to be continuoudy mixed. This resultsin homogeneous COC
concentrations, reflecting the mix of groundwater entering the IMV and surface water within the
IMV.

The mass of COC in the IMV was estimated as follows. The COC mass from discharged
groundwater was estimated as the product of the COC flux, as discussed in Section 5.2.2.1, and
the time required for the IMV to be “flushed” by advection and disperson effects. As discussed
in Section 5.2.4, estimates of the IMV flushing time were based on interpretation of the
advection-disperson analysis presented in Appendix VV and supported by the complementary
results of Appendix UU.

The mass of COC from ambient seawater within the IMV was estimated as the product of the
ambient seaweater volume (equa to the IMV minus the volume of discharged groundwater in the
IMV) and the COC concentration in ambient seawater.

The entire COC mass from the discharging groundwater was assumed to remain dissolved
withinthe IMV. That is, no reduction was assumed in COC massin the IMV due to chemica
precipitation or complexation/sorbing onto marine sediment because of the following:

Discharging groundwater will have thoroughly mixed with seawater before
dischargeto theinlet.
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Egtimated mixing lengths were on the order of afraction of an inch to afew
inches a most, which would provide minima opportunity for chemica
precipitation in the IMV.

Critical discharge points for meeting SWS are a or near the shoreline, which
consgts primarily of riprap that has no or very limited ability to complex/sorb
chemicals dissolved in groundwater.

The COC concentration in the IMV was estimated by mass balance as the dissolved groundwater
COC mass plus the ambient seawater COC mass divided by the IMV. For each COC, the
mixing length to achieve the SWS was estimated by equating the estimated COC concentration
inthe IMV to the SWS and solving for the required mixing length.

Neglecting the ambient COC concentration in seawater provided the mixing length required to
achieve the SWS as if there was no COC in the ambient (mixing) seawater. This mixing length
was termed the incremental mixing length to represent amixing length required to reduce the
discharging groundwater to the SWS in the absence of COC in the mixing seawater. This
parameter was useful when the ambient seawater concentration was aready above the SWS, as
was the case for copper.

5.2.2.3 Sediment Time Duration Model

A separate protectiveness mode was formulated for the biologically active upper 10 cm of
nearshore marine sediments. The model focused on sediment chemica concentrations due to
dissolved COCs in discharging groundwater becoming permanently mixed or fixed in the upper
10 cm of the sediments.

The modd estimates the duration of time before chemical concentrations would exceed the SQS
levels. For each COC, thistime was consdered to be a protectiveness measure representing the
potential impact on marine sedimentsin Sindair Inlet from chemicasin discharging

groundwater. Long times can be assumed to represent small impacts; shorter times, grester
impacts.

The duration of time before chemicalsin marine sediments exceed SQS levels was formulated
from amass baance in the affected sediments. The COC concentration in affected sediments
from the cumulative “fixing” (by precipitation, complexation, sorption, etc.) of dissolved COCs
in discharging groundwater was estimated over time as the cumulative chemica mass at agiven
time divided by the sediment mass at thet time. For each COC, the time a which the estimated
COC concentration in the sediment reached the SQS was predicted.
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The modd wasinitidly formulated so that the chemica mass in the sediment over time could

aso indude a contribution from an initidl COC mass in sediment at time zero and a COC mass
from accumulating sediments before impact by groundwater discharge. Both parameters were
estimated as decima fractions of the SQS. However, because it was desired to estimate the
sediment protectiveness measure in terms that were directly related to the potentid future effect
of groundwater discharge aone, both parameters were set to zero. Thus, the results presented in
this Rl assumeinitidly dean sediments and initialy clean accumulaing sediments, before

impact by chemicasin groundwater discharge.

The model maintained a congtant sediment target thickness or depth below the mud line of 10
cm over time. Although the sediment depth of concern remains congant, the mud-line eevation
increases with sediment accumulation (due to cumulative deposition over time). This causes the
location of the sediments of concern to vary with time. Until the accumulated depositiona
sediment exceeds the 10-cm target thickness, the chemical concentration in the sediments of
concern is the depth-weighted average of the preexigting (before time zero) sediment (assumed
initidly clean) and the chemical concentration in the depositional sediment. After the
accumulated depositiona sediment reaches a thickness of 10 cm, the chemicd concentration in
sediments from the mud line (which continues to rise with time) to the 10-cm target depth is
congtant with time and is equa to the chemical concentration of the accumulating depositiona
sediments, as explained next.

The chemica concentration of accumulating depositiona sediments was estimated asthetime
rate of chemica mass “fixed” onto sediment (by precipitation/complexation/sorption) from
discharging groundwater divided by the rate of depositiona sediment mass accumulation. The
rate of chemica mass was estimated as the product of (1) the chemical mass flux from
discharging groundweter and (2) the proportion of flux that fixes onto the sediment. Therate of
sediment mass was estimated as the product of (3) sedimentation area (set equa to the affected
offshore distance normd to a 1-ft unit width of shoreline), (4) sediment dry densty, and (5)
sedimentation rate. All parameters were assumed to be constant over time,

Before the depositional sediment reaches atotal thickness (depth) of 10 cm, the chemical
concentration in the upper 10 cm of sediments was estimated as the cumulative chemica massin
the upper 10 cm of sediments divided by the corresponding 10-cm-thick sediment mass. The
cumulative chemica massin the upper 10 cm of sediments was estimated as the product of the
chemica mass rate—the product of (1) and (2) above—and the time duration of flux discharge.
The corresponding sediment mass was estimated as the product of the sedimentation area

(3 above), sediment dry density (4 above), and the sediment thickness of 10 cm.
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For the organic COCs (PCBs and PAHS), the sediment mass was multiplied by the percent total
organic carbon to yield the mass of organic carbon in the sediment. Thiswas necessary because
the SQS for PCBs and PAHs are measured in units of chemical mass per mass of organic carbon.

Zero mixing was assumed between the accumulating sediment layer and the underlying
sediment. This assumption is conservetive compared to the SEDCAM modd, which assumes
continuous mixing of the active sediment layer (Jacobs, Barrick, and Ginn 1988). Estimated
protectiveness measure times would increase if continuous mixing was assumed.

The estimated duration of time before chemicas in marine sediments exceed SQS levels became
infinite above a critica sedimentation rate, termed the “limiting sedimentation rate” At or

above the limiting sedimentation rate, the chemical concentration in sediment was predicted to
never increase above the SQS. If the sedimentation rate was interpreted as an erosion rate, the
same result occurred: erosion rates at or above the “limiting erosion rate’ would prevent
chemicds in sediment from ever reaching the SQS. Thus, assuming initidly clean sediments

Erosion and deposition are equaly effective at limiting chemica concentrations
in marine sediments.

This conclusion aso complements the fact that the concentrations represent area-weighted
averages, as discussed next.

Area-Weighted Average Concentration. The Sediment Time Duration Modd assumes a
volumetric average chemical concentration over the affected sediment areaand thickness. For a
congtant sediment thickness, thisis equivaent to assuming an area-weighted average chemica
concentration in the affected marine sediments. However, these area-weighted averages more
accurately represent “hot spot” conditions, explained as follows.

The arearweighted averagesimplicit in the Sediment Time Duration Modd have an inherently
high probability of overestimating the true average for any given COC. For example, the area
welghted averagesimplicit in the modd are about four times more conservative than the

predicted area-weighted averages due to natura recovery (URS 2000) that were used to support
the OU B Marine ROD (U.S. Navy et a. 2000).* Because the estimates are also based on
maximum measured concentrations in Ste groundwater, estimates are representative of “ hot
spot” conditions, not true area-weighted averages.

*Natural recovery modeling for the OU B Marine ROD was based on the | ess conservative SEDCAM model and
assumed a sedimentation rate about four times that used in this analysis.
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The functiond equivaence of erason and deposition at limiting chemica concentrationsin
marine sediments further reduces the sengtivity of the results to locdized extreme deviations
from “average’ conditions.

Proportion of Groundwater COC Mass That Fixes Onto Marine Sediment. A criticd
parameter in the sediment mode is the proportion of COC mass in discharging groundwater that
fixes onto the top 10 cm of affected marine sediment. This parameter is discussed in detall in
Section 5.2.4.4.

5.2.3 Probabilistic Formulation of Marine Protectiveness M easur es

Protectiveness measure estimates based on the foregoing deterministic models would be exact
provided the model assumptions were strictly correct and the input parameters precisaly known.
Unfortunately, this proviso isunredidic. Firg, like al modds, the modd assumptions
represented smplifications and gpproximations. This created model uncertainty. Second,
because of naturad variability and unavoidably limited Ste information, the mode input
parameters were inherently uncertain. This created parameter uncertainty.

Input Parameter Probability Density Functions. Parameter uncertainty was dedt with as
follows. Theinput parameters were characterized by probability densty functions (PDFs). The
input parameter PDFs included the entire range of potential parameter values. Based on
interpretation of available information, the input parameter PDFs weighted each potentia vaue
by the relative degrees of confidencetha potential vaue wasin fact the true (but inherently
uncertain) vaue.

Protectiveness M easur e PDFs. The deterministic models were then formulated as probabilistic
functions of the input parameters, thus alowing the aggregate uncertainty in the model

predictions to be quantified. The uncertainty in each input parameter was propagated through the
deterministic modd using the mathematics of random variables and error propagetion (Benjamin
and Cornell 1970; Hahn and Shapiro 1967; Harr 1987; Ang and Tang 1975). The result wasa
protectiveness measure PDF that measured the cumulative or aggregete uncertainty in the
protectiveness measure estimates resulting from the input parameter PDFs.

The protectiveness measure PDFs were functionaly and probabiligticaly conggtent with the
input parameters and their PDFs. The underlying, deterministic functional dependence between
the input parameters and the resulting protectiveness measures thus remained unchanged and
implicit in the probabiligtic formuletion.
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Mode uncertainty was considered by providing compensating conservatism in the parameter
esimates. Lumping mode uncertainty with parameter uncertainty was both practicd and
justified because the parameters generdly followed from the modd assumptions.

Reliable Protectiveness M easur e Estimates. The protectiveness measure PDFs were used to
make estimates having a 95 percent probability of being “conservative” Thet is

- For fluxes and mixing lengths, modd predictions have a 95 percent probability of
exceeding the true (but inherently uncertain) vaues'* Equivdently, the
95 percent nonexceedance estimates have a 95 percent probability of
overestimating the true value. These estimates can be broadly interpreted as
having a*“high confidence’ (or certainty, probability, or likelihood) of
overestimating the true val ues.

- For estimates of the duration of time before chemicasin sediments exceed SQS,
mode predictions have a 95 percent probability of not exceeding the true times,
consistent with shorter times being of more concern than longer times.™®
Equivaently, the 95 percent exceedance estimates have a 95 percent probability
of underestimating the true times. These estimates can be broadly interpreted as
having a“high confidence” (or certainty, probability, or likelihood) of
underestimating the true times.

Overdl, this approach provided a mathematically coherent and reliable estimate of
protectiveness while avoiding both the unredlistic compounding conservatism that occurs if
parameter “worst case’ estimates are used and the uncertain conservatism that occurs if
parameter estimates having varying levels of consarvatism are used.  Ultimately, the
protectiveness measure estimates, like al estimates, must be interpreted in context with an
understanding of their explicit and implicit assumptions, hypotheses, and limitations.

The mathematica detalls associated with the probabilistic formulation of the marine
protectiveness measures are documented in Appendix TT. The following section describes how
the model input parameters were estimated.

“The 95 percent probability istermed the “ 95 percent nonexceedance probability” and the corresponding estimateis
termed the “ 95 percent nonexceedance estimate.”

¥ n this case, the 95 percent exceedance estimates have a 95 percent probability of being exceeded by the true (but
inherently uncertain) time.
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5.24 Modd Input Parameter Estimates

This section focuses on the modd input parameter estimates and the rationale for these
edimates. Particular emphasisis placed on the parameters that were estimated probabilistically,
which were generdly those parameters that were considered sgnificantly uncertain. Obtaining
definitive data for these uncertain parameters was considered impracticable for reasons of
technical complexity, cogt, and timeliness.

The following modd input parameters were estimated probabilisticaly:

Hydraulic conductivity

Hydraulic gradient

Discharge area

Proportion of inorganic COC mass that fixes onto marine sediment
Affected sediment length

Hushing time

Sedimentation rate

Sediment dengity

A Bayesian approach was used to assgn a PDF to represent the uncertainty in each modd input
parameter that was characterized probabilisticaly. The parameter PDF was used to measure the
probability that the true but uncertain vaue of that parameter would not (or would) exceed
particular estimates of that parameter over the range of possible values. Parameter estimates
reflected both naturd variability and uncertainty associated with limited data.

Bayesan techniques are practica and well supported in the mathematicd, scientific, and
engineering literature (e.g., Benjamin and Corndl 1970; Martz and Wdler 1982; Ang and Tang
1975, 1984). In estimating parameters, a Bayesian gpproach dlows the use of dl available
information, both quantitative and quaitative, with professond judgment. Subjective
professond interpretations are made explicit.

Input parameter PDFs were assumed to follow lognorma distributions for the following
theoreticd, practica, and empirica reasons. A lognorma PDF

Prevents negetive parameter values, which are physicaly impossible

Allows unbounded positive vaues, which is generdly conservative
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Is congstent with observed forms of physica parameters such as hydraulic
conductivity (e.g., Krumblein and Graybill 1965), as wdll as environmenta
concentrations of trace chemicals (e.g., U.S. EPA 1992a, 1992b; Gilbert 1987;
Jornel and Huijbregts 1978; Ecology 1993; Ott 1995; URSG and CH2M HILL
2000)

Requires aminimum of datigtical assumptions

Is consgtent with the centrd limit theorem of probability theory for phenomena
arisang from the product of alarge number of variables

Gresatly smplifies the mathematics of products and quotients in the protectiveness
models without loss of mathematica rigor or accuracy

The intent was to estimate parameter PDFs that conservatively reflected
All potentia vaues conggent with the available information
Technicaly plausble vaues

Modd assumptions on which parameters were based, so that modd uncertainty
could be included with parameter uncertainty

Because the parameter PDFs were considered conservative, any new data can be expected to
increase the degree of protectiveness reflected in the estimates.

Not al parameters were treated probabilisticaly. In particular, chemica concentrations were not
treated probabiligticaly. Instead, the maximum dissolved concentrations measured in
groundwater monitoring wells near the shordine in each of the three areas of concern (Sites 10
Weg, 1, and 8) were used. Also, the length of shoreline used for tota flux was the maximum
possible length. Both cases contributed to conservative, high-biased estimates.

The information and assumptions used to estimate the mode input parameters are summarized in
the following sections. Generdly, two exceedance or nonexceedance probability levels were
used to estimate probabilistic input parameters. An exceedance probability is the estimated
probability that a given parameter estimate or value exceeds the true (but uncertain) value of that
parameter; a nonexceedance probability isthe estimated probability that a given parameter
edimate or value does not exceed the true (but uncertain) vaue of that parameter.

Exceedance and nonexceedance probabilities are mutua complements; that is, an exceedance
probability is one minus the nonexceedance probability, and vice versa. Asdiscussed in
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Appendix TT, parameter estimates for any two exceedance or nonexceedance probability levels
(e.g., 95 percent and 50 percent or 95 percent and 5 percent) determine the parameter’s
lognormd datistical measures, the expected vaue and coefficient of variation. These two
measures in turn determine the parameter values for dl other exceedance or nonexceedance
probability levels.

For each input parameter, the determining exceedance/nonexceedance probabilities and
corresponding parameter estimates were based on andyss and interpretation of available
information. The use of professond judgment was fundamenta to this process.

Table 5-2 summarizes the input parameter estimates. For the probabilistic parameters, Table 5-2
includes, for each parameter, the resultant

Expected or average values
Cofficient of variation (CV)

Range of vaues between the 5 percent nonexceedance (or 95 percent exceedance)
estimate and the 95 percent nonexceedance (or 5 percent exceedance) estimate

This range condtitutes 90 percent of the potentid estimatesimplicit in the probabilistic estimates.
That is, 5 percent of the estimates are below the 5 percent nonexceedance vaue (with a
minimum vaue of zero) and 5 percent are above the 95 percent nonexceedance vaue (with an
unlimited maximum vaue).

5.2.4.1 Hydraulic Conductivity

Hydraulic conductivity, K, is a spatidly averaged geologic property that is naturdly spatidly
vaiable. In particular, hydraulic conductivity depends on the scale or volume of the
groundwater flow region of interest. The principa groundwater flow region for the marine
protectiveness measuresis the ste fill, which is the source of chemicasin groundwater
discharging to Sindlar Inlet. Thefill is undifferentiated and may be characterized as random
mixtures of gravel, sand, glt, clay, and buried debris.

The naturd variahility in the hydraulic conductivity of thefill isindirectly reflected in the wide
range of K vaues (1 to 86 ft/day) used in past groundwater analyses.

K of 86 ft/day, used by the USGS in its groundwater modeling at PSNS (USGS

1997). Thisvaue was sdlected from the upper end of the range of vauesthat
were estimated from available dug tests before 1995.
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K of 1 ft/day, used in the draft RI for the Stewide numerica (MODFLOW)
groundwater modeling (URS 1996b) and included here as Appendix RR.

K of 37 ft/day, used in the OU A FS (URS 1995n). Thisvaue isthe approximate
average K of available dug tests (39 ft/day; URS 1996a). A K equd to the USGS
vaue of 86 ft/day was used in subsequent groundwater modeling in support of the
proposed plan for OU A (URS 1996a).

For afill consgting of random mixtures of gravel, sand, Slt, clay, and debris, a goatidly
averaged K of 1 ft/day is considered very low and aK of 86 ft/day is considered high.

Because of naturd variability and limited ste hydraulic conductivity data, it was considered
impracticable to adequatdly define separate areas of conductivity in thefill. The fill was instead
treated as one geologically heterogeneous deposit for the purpose of estimating hydraulic
conductivity.*® The variability was characterized by satistica andysis of available data, as
discussed next.

Statistical Analysis of Hydraulic Conductivity Data. To quantify the naturd variability, the
hydraulic conductivity was estimated from a datistica analyss of conductivities measured in
borehole aquifer tests. Those conductivities are presented in Table 3-13 and include the
available datafrom the Sl and OU B RI. The estimates were limited to conductivities measured
infill materiad. This condtituted atotal of 35 measurements made at 26 separate locationsin OU
B. At ninelocations, measurements were made during the Sl and repested during the RI. For
these nine loceations, the repeated measurements were combined into one measurement for each
location by taking the geometric mean of the repeated measurements.

A fitted linear regression line for natural-log-transformed K data indicated that the hydraulic
conductivity data are lognormaly distributed (r? equaled 0.97). A table and graph of the data
and regression line are presented in Appendix XX. Statistical parameters were cdculated from
the regresson line using the method presented in Ecology 1993. The datistica results were used
to make the probabilistic K estimate that was used in the Chemica Flux Modd, as discussed in
the following paragraph.

®That is, statistically, the fill wastreated as a single “ statistically homogeneous” stratum.
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Probabilistic Estimate of Hydraulic Conductivity. For the purpose of estimating the three
marine protectiveness measures, the hydraulic conductivity K for the Ste fill was characterized
based on the following assumptions:

The spatidly averaged variability in K follows alognorma PDF.

Thereisa 95 percent probability that K will not exceed 147 ft/day and a
95 percent probability that K will exceed 0.74 ft/day.

Thisresulted in an average or expected value for K of 38 ft/day. Note that the average hydraulic
conductivity in the naturd materids below thefill (to 50-ft depth) was about half that of the fill
materid.

5.2.4.2 Hydraulic Gradient

Because hydraulic gradients across the site are spatidly and tempordly variable, thereisno
sngle gradient, but a digribution of gradients. The hydraulic gradient of interest isthe
equivaent freshwater gradient for a condition of no drydock dewatering (R=1) and direct
discharge of groundwater to theinlet. The gradient istime averaged over atidd cycle, as
discussed in Appendices UU and VV.

Available data on measured groundwater levels in Ste monitoring wells are limited in both
quantity and qudity for the purpose of estimating gradients. These limitations include effects of
naturd variability and satistical uncertainty, the absence of synoptic data, and the confounding
effects of tidal cycles and drydock dewatering on groundwater levels (hydraulic heads) measured
in 9te monitoring wells.

The available data thus require sgnificant interpretation and are consdered to be incompatible
with unique, single-vaued “point” estimates of gradients—particularly for the case of no

drydock dewatering, arguably the most important case for assessng gradients. To ded with the
limited data, the approach taken, smilar to that for the other probabilistic mode input
parameters, was to estimate a probability distribution for the gradient, recognizing that no single
point estimate could be accurate. A gradient distribution for the Site was characterized based on
interpretation of relevant information presented in the following:

OU A RI (URS 1995k)

OU NSC RI (URS 1995I)
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OU A groundwater modeling report (URS 1996a)

OU B draft Rl (URS 1996b), which included a calibrated sitewide groundwater
flow modd for the Bremerton Nava Complex that andyzed conditions for the
case of no drydock dewatering

In particular, the cdibrated Bremerton Nava Complex groundwater flow modd integrated the
available site measurement datain the context of athree-dimensona MODFLOW anaysis. The
andysis provided a point estimate of water table elevations across the naval complex

(Appendix RR, Table 5-12). From these predicted groundwater elevation contours, gradient
point estimates across the site were deduced and then interpreted (recognizing their limitations),
as discussed in the following.  Although predictions from the cdibrated Bremerton Nava
Complex groundwater flow model have uncertain error, they provide a more complete basis for
meaking gradient point estimates than could be obtained directly from available monitoring well
data

Hydraulic Gradient Estimates. An gpparent hydraulic gradient of 0.007 was estimated from
data collected at the western edge of OU NSC in an area that appeared to be unaffected by
drydock dewatering. Analysisof datafor OU A indicated an gpparent gradient of gpproximately
0.0167 (whichwasused inthe OU A FS). The OU A andysis dso indicated that discharge of
fresh groundwater from OU A was one-third to one-quarter of what it would be in the absence of
tidal fluctuations, suggesting that the apparent gradient could be reduced by afactor of 3 to 4.
Combining the results of the OU NSC and OU A analyses suggested that the effective gradient
for areas not affected by drydock dewatering may be approximately 0.006 or lessin the tidal
zone.

Water table eevation contours resulting from cessation of al drydock dewatering were
smulated as part of the caibrated Bremerton Nava Complex groundwater flow model andysis
(Appendix RR, Figure 5-12). This smulation showed arange of nearshore hydraulic gradients
from gpproximately 0.02 in the far eastern area of OU B to approximately 0.002 to 0.005 in the
central and western areas of OU B. Because these smulated estimates did not include tidal
effects, they represent equivaent time-averaged estimates of the freshwater gradients.
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Probabilistic Estimates of Hydraulic Gradient. Using these available estimates and
professiona judgment, the effective hydraulic gradient | was characterized based on the
following conservative assumptions:

The uncertainty in hydraulic gradient i follows alognorma PDF.

Thereisa 95 percent probability that i will not exceed 0.03 and a 95 percent
probability thet i will exceed 0.001.

This resulted in an average or expected vaue for | of 0.009 ft/ft. Becauseit appearsto bea
conservative representation of the available data, this range of estimates for hydraulic gradient
was congdered gppropriate throughout OU B, both with and without drydock dewatering. This
estimate reflects the aggregate uncertainty in the interpretation of available information based on
andysis and professond judgment.

5.2.4.3 Discharge Area

Discharge area varies with tidal conditions. The discharge area of interest, Ag, isthetidally
averaged discharge area. Note that Aq has units of ft?/ft, equivaent to units of feet, as used here.

The effective Aq was estimated from a conservative interpretation of 1995 bathymetric data
collected aong the shoreline around Mooring F, directly offshore from Site 10 West. These data
show ardatively gradud mud-line dope from the terredtrid fill line to a depth of approximately
20 ft below mllw a about 100 to 150 ft from thefill line. A relatively steep dope then follows

to adepth of approximately 35 ft below mllw at about 200 ft from thefill line. The dope
becomes gradud to areatively constant mud-line depth of 40 to 42 ft below mllw at about
250 ft or more from thefill line.

Groundwater modeling for OU A (URS 1996a) using computer codes MT3D and MODFLOW
indicated that groundwater discharge to the inlet was maximum near the toe of the riprap fill and
decreased with distance into the inlet. Groundwater discharge was negligible about 80 ft

seaward of thefill toe. Thiswould suggest an Aq not exceeding about 25 ft at OU A and an Aq
less than about 20 ft near Mooring F.
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Probabilistic Estimate of Discharge Area. A conservative interpretation of these datawas
used to make the following assumptions for parameter Aq;

The uncertainty in Aq follows alognorma PDF.

Thereisa 95 percent probability that Aqwill not exceed 35 ft and a 50 percent
probability that Aqwill exceed 20 ft.

Thisresulted in an average or expected vaue for Ag of 21 ft. Theinterpretation of Aq for
Site 10 West was considered conservative enough to be appropriate for dl of OU B, including
Sites1 and 8.

5.2.4.4 Proportion of COC Mass That Fixes Onto Marine Sediment

No direct measurements are available to estimate parameter Ps, the proportion of dissolved COC
mass in groundwater that “fixes’ onto marine sedimentsin the biologicaly active layer (top

10 cm). Fixing mechanisms may include chemica precipitation, complexation, sorption, or any
other mechanism. The proportion of dissolved COC mass in groundwater that fixes onto marine
sediments is measured relative to the flux based on the COC concentrations measured in Site
groundwater monitoring wells.

Information in the literature was reviewed to provide genera background on mechanisms
potentidly affecting Ps (e.g., Deutsch 1997; EPRI 1984; Domenico and Schwartz 1998; Bagchi
1990; Freeze and Cherry 1979; U.S. EPA 1996; Boatman and Hotchkiss 1977; Lyman, Reidy,
and Levy 1992). Based on agenerd interpretation of that information, Ps was estimated using
professond judgment and the reasoning summarized in this section. Separate estimates of Ps
were made for the inorganic COCs and the organic COCs.

I norganic Chemicals. The potentia for inorganic COCs from discharging groundwater to fix
onto marine sediment was consdered negligible for severd reasons. The main thrust of these
reasonsis that, to the limited extent that chemicas in groundwater are able to fix onto sediments
(or s0il), the vast mgority of that action will occur before the groundwater dischargesto the inlet
or otherwise affects marine sedimentsin the biologicaly active zone. The following discusson
elaborates on the reasoning.

Effectsin the Nearshore Terrestrial Environment. Before discharge, groundwater mixes
appreciably with seawater in the nearshore terrestrid environment. Mixing with oxygen-rich
seawater'’ increases the dissolved oxygen in groundwater. This can initiate biogeochemica

Sinclair Inlet seawater iswell oxygenated (average 7.9 mg/L; Washington Department of Natural Resources cited
by others). Dissolved oxygen in site groundwater is generally lessthan 1 mg/L, according to Appendix RR, pp 5-19.
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reactions'® that can reduce chemical concentrations and fluxes before groundwater discharge.
This biogeochemical reduction effect is discussed by Boatman and Hotchkiss (1977) for the Port
of Seattle’'s Termina 91 project where agranular berm surrounds dredged contaminated
sediments. For arsenic (the only chemica common to the Bremerton Naval Complex COCs),
they estimated a reduction of 100 percent in groundwater concentrations due to biogeochemical
reactions within the interior haf of the berm, more than 30 feet inland from the point of
groundwater discharge to the bay. The Termina 91 experience would relate to a Ps vaue of
zero for arsenic.

It isunlikely that chemica concentrationsin OU B groundwater are diminishing in ways
comparable to those a Termina 91, based on the data andysis presented in Appendix UU. The
andysisindicates that chemica concentrations in Site groundwater do not decrease with
increasing sdinity, representing grester degrees of seawater mixing.

However, to the extent that it occurs, precipitation induced by seawater would likely happen in
the terrestrial seawater-mixing zone, not in the marine sediments. In addition, dissolved COCs
in groundwater, dready at low (trace) concentrations, would be diluted by seawater, and dilution
typicaly reduces the potentia for precipitation. Although changesin pH or temperature can

induce precipitation, Significant changes in these groundwater parameters were not expected. To
the extent that changes do occur, they would likely occur before discharge.

Sampling and andlysis techniques used to measure dissolved COCs in groundwater samples
would portray COCs attached to any unfiltered colloidal particles that are mobile in groundwater
as“dissolved.” COCs attached to such colloidal particles that precipitate or “salt-out” from
groundwater onto soil particles would increase COC concentrations in the affected soil. Sdting-
out of colloidd particles that have an active dectricaly charged double layer (e.g., hydrophobic
clay) can occur as seawater mixes with the groundwater and increases its ionic strength.
However, because groundwater would have mixed with seawater before discharge, any salting-
out of colloidsinduced by seawater would likely have occurred before discharge.

Sorption Onto Marine Sediment. The potentid for future sorption of COCs onto organic
carbon, iron oxides, or clay minerasin marine sediments is considered negligible for two major
reasons. Fird, current conditions at the Site are likely to have reached a dynamic equilibrium.
This means that there should be no sgnificant future increase in COC sorption in marine

sediment from groundwater, particularly given that dissolved COC concentrationsin

groundwater will decrease in the future due to source depletion (assuming effective source
control). The second reason has to do with the flow path required to affect the marine sediments.

8Seawater also contains sulfate and nitrate, which facilitate the biogeochemical reactions.
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Asdiscussed in Section 5.2.1.1 and Appendix Y'Y, reatively deep flow paths would be required
for chemicdsin discharging groundweter to affect the upper 10 cm of marine sediments.

Desper flow would generdly have significantly less chemicd flux than would shdlow flow
because of lower chemica concentrations and longer flow paths, and therefore lower specific
discharges. Also, deeper flow must travel long distances, on the order of hundreds to thousands
of centimeters, through marine sediment before discharge to surface water. To the extent that
chemica masswas logt to the sediment, it is very unlikdly that the mass logt within the last

10 cm (3.9in.) of marine sediments would be significant. Any sorption of chemicasto
sediments from discharging groundwater would have occurred at depths deeper than the upper
10 cm of sediment.

This contention is supported by available sampling data for marine sediments. The data
generdly indicate that average COC concentrations increase with depth below the sediment
surface (mud line).  Although this effect is confounded by natura recovery from clean sediment
deposition, this observation supports the hypothesis that to the extent COCs from site
groundwater affect sediments, the effect does not occur in the upper 10 cm of marine sediments.

Fixing Onto Suspended Water Column Sediments. Thereisapotentid for dissolved chemicas
transported to surface water to become attached to suspended sediment in the water column.

There would be an increase in chemical concentration in the marine sediment to the extent thet

such suspended sediment was deposited onto the marine sediment surface. Although this
mechanism is consdered insignificant for more mobile COCs such as zinc, mercury, and

arsenic, it is potentialy somewhat significant for less mobile COCs such as lead and copper. It

is of significance for organic COCs, as discussed later.

Correlation of Ps With Affected Sediment Length. Whatever the proportion of dissolved COC
mass in groundweter that comes to be in marine sediments in the biologicaly active top 10 cm of
marine sediments, it is likely corrdated with the offshore affected sediment length, symbolized

Lm. Reatively lower values of Pswould be associated with shorter vaues of Lm, and rdatively
higher values of Pswould be associated with longer values of Lm. Although Psis considered

amall for any credible length Lm, it probably increases with increasing distance Lm. Therefore,
estimates of Ps cannot be made independently of estimates of Lm. The following probabilistic
eslimate of Ps assumes the estimate of Lm given in Section 5.2.4.5.
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Probabilistic Estimates of Psfor Inorganic COCs. Overdl, the information discussed in the
preceding paragraphs argued for avaue of Ps closeto zero for theinorganic COCs. Asa
conservative interpretation of that information, the quantity Ps was estimated as follows:.

The uncertainty in Psislognormdly digtributed, which required thet the true

vaue of Ps exceed zero and have no theoretica upper bound (dthough thereisa
physica upper bound of 1.0).

Thereisa 95 percent probability that the true value of Pswill not exceed onefifth
(0.20, or 20 percent) of the dissolved COC mass in discharging groundwater and
a 50 percent probability that the true value of Pswill not exceed one-tenth of one-
fifth (0.020, or 2 percent).

Thisresulted in an average or expected vaue for Ps of 0.053, or 5.3 percent. Note that these
estimates are based on the chemica mass in groundwater estimated from COC concentrations
messured in Ste groundwater monitoring wells.

This range of estimates was considered conservative enough to include al inorganic COCs (i.e.,
arsenic, copper, mercury, lead, and zinc). In ardative sense, the estimates may be most
conservative for mercury and zinc, which gppear to be generaly more mobile than the other
COCs, and least conservative for less mobile COCs such as lead and copper (e.g., Bagchi
1990).*

Organic Chemicals. The organic COCs consst of PCBs and PAHSs, which include HPAHs and
LPAHs. The PCBs and HPAHSs have extremey high organic carbon—water partitioning
coefficients. To the extent that there is amass of PCBs and HPAHs in discharging groundwater,
under equilibrium conditions the mass would partition onto organic materid in the water

column. It was assumed that this organic materiad would be associated with either depositing or
freshly deposited sediments in the region of affected sediment.

Although it is unlikdly that equilibrium conditions would prevail, Psfor PCBs and HPAHs was
st at adeterminigtic vaue of 1.0, the highest possible value. This means that 100 percent of the
meass in Ste groundwater would be fixed onto the affected marine sediment (i.e,, over the
affected sediment length Lm, as discussed in Section 5.2.3.5). Using Ps=1.0 isa conservative
assumption. Because Ps depends on chemical kinetics and mixing effects and is not solely due
to equilibrium partitioning (which assumes perfect mixing and adequate reaction time to reach
the limiting condition of equilibrium), aasent the limiting conditions of equilibrium, the true

vaue of Psislessthan 1.0, the theoretical maximum.

The relative mobility and tendency to remain dissolved (not fix onto sediments) is considered to be, from highest to

lowest: mercury, zinc, arsenic, copper, lead.
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Although LPAHSs do not have the same affinity for organic materid as do PCBs and HPAHS, the
affinity is il high. Therefore, the same assumption was made for LPAHS, and Ps was set
to 1.0.

To reiterate, Ps=1.0 is the highest possible vaue, giving minimum (most conservetive) times. It
may be useful to note that estimates for any other Ps (Ps§ where Pst<1) can be made by
multiplying the concentration corresponding to a given time (held congtant) by the retio PS/Ps¢
(i.e, thereciprocal of Ps§ snce Ps=1.0). For example, for any given time estimate the
corresponding “alowable’ concentration would be doubled for Ps¢=Y4, tripled for Ps¢=1/3, and so
on. Note that the same linear reationship does not hold for the time associated with a given
concentration that is held congtant (e.g., holding concentration constant, the corresponding time
estimate is not doubled for Ps¢=Y%). For time, the relationship is nonlinesr.

5.2.4.5 Affected Sediment Length

The offshore distance over which precipitation and sorption may occur is measured by the
affected sediment length, Lm. Although Lm is uncertain, it is probably positively corrdlated
with both parameter Ps (as discussed in Section 5.2.4.4) and Aq.

Because marine sediments are evauated in terms of area-weighted averages, it could be argued
that it is gppropriate to consder an area encompassing the entire exclusion zone when evauating
the potentid influence of COCsin groundwater discharge. If so, adistance of 1,000 ft would be
aconservative gpproximation of the sediment area most affected by historica Bremerton Naval
Complex operations, including potential effects of groundwater discharge. A 1,000- to 1,500-ft
affected sediment length is reasonably consistent with the observed pattern of sediment
contamination, as supported by satistical analyss of avallable COC data for marine sediments.
The gatistica andyses quantify that, with Satistica certainty, the average COC concentrations

in the excluson zone are higher than those outside the exclusion zone.

It could also be argued that most of any precipitation or sorption would occur relaively near
shore. Although available marine sediment data indicate a possible genera tendency toward
margindly higher chemica concentrations near shore, the spatid patterns are fuzzy,
discontinuous, and not well supported satisticaly.?® Spatid patterns are also confounded
because sources of exigting chemicals in marine sediments include both effects of historica
groundwater discharge and direct releases from piers and ships, aswell as effects of sediment
eroson and depodgition. (It isaso noted that results of groundwater modeling done for OU A

#Beyond about 100 ft from shore, there is ageneral correlation of gradually decreasing average chemical
concentration with distance from shoreline, particularly beyond about 1,000 to 1,500 ft.

W:\3131010109.024\Section 5\Section 5.wpd



FINAL RI REPORT, BREMERTON NAVAL COMPLEX OU B Section 5.0

U.S. Navy CLEAN Contract Revision No.: 0
Engineering Field Activity, Northwest Date: 03/12/02
Contract No. N62474-89-D-9295 Page 5-37
CTOO0131

[URS 19964] are not applicable because the modeling did not include effects of sorption or
precipitation.)

Probabilistic Estimate of Affected Sediment Length. A probabiligtic estimate of disgance Lm
was made to ded with the lack of definitive data and resulting uncertainty. The bathymetric data
used to estimate a practical lower value for Aq (i.e., 20 ft) was used to make a corresponding
lower vaue estimate of 100 ft for Lm. A practical upper estimate was conservatively equated to
1,000 ft based on the observed elevated concentrations in the exclusion zone.

The affected sediment distance L m was characterized as follows:
The uncertainty in Lm islognormaly distributed.

Thereisa50 percent probability that the length will (or will not) exceed 100 ft
and a 95 percent probability that the length will not exceed 1,000 ft. The identica
distribution resulted if the lower estimate of Lm was st at 10 ft with a 95 percent
probability of exceedance.

This gave an average or expected vaue for Lm of 266 ft. These estimates for Lm were also
consdered consgtent with the estimates of Ps.

5.2.4.6 Inlet Mixing Volume Flushing Time

Inlet mixing volume (IMV) flushing time, tf, is a modd-defined parameter thet represents the
time required for dissolved COCsin discharging groundweter to mix with inlet surface water
and flush from a hypothetical IMV. Although no empirica data are available to esimate this
time, it must be very short because the nearshore environment is dynamic, turbulent, and well
mixed by advection and dispersion from tidd, current, and other hydrodynamic effects.

The independent but complementary analyses documented in Appendices UU and VV were used
to hep quantify parameter tf:

Appendix UU develops arigorous analyss of groundwater concentrations and
fluxes resulting from tidd mixing. The andyssindicates that concentrationsin
groundwater would be at ambient seawater concentrations at the point of
groundwater discharge.

Appendix VV deveops arigorous andyss of chemica concentrations in surface
water at the point of groundwater discharge. The andyssindicates that, relative
to groundwater concentrations, the chemical concentrations in the recaiving
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surface water would drop by two or more orders of magnitude at the groundwater
discharge point. Because the Appendix VV andysisis based on chemicd flux in
discharging groundwater, results are independent of the groundwater
concentration at the discharge point.

Although the results from the andysesin Appendices UU and VV are consdered to be reliable
representations of chemica concentrations in inlet surface water at the discharge point, the
regulatory agencies requested that the use of these analyses be limited to interpreting a flushing
time for the hypotheticd IMV.

Based on interpretation of the Appendices UU and VV analyses, it was concluded that

An equivdent IMV flushing time would be zero
Any actud IMV isof zero length

In interpreting estimates of parameter tf, it should adso be noted that, by definition, the IMV
concept precludes seawater mixing with groundwater before discharge, which ignores the
potentia for groundwater concentrations measured in monitoring wells to be reduced before
discharge. By definition, the IMV forces anon-zero mixing length. 1t is consdered more
probable than not that mixing befor e discharge is consstent with atf of zero.

Probabilistic Estimate of IMV Flushing Time. Although the IMV flushing time is consdered
to be zero, the following vaues were used in the anadlyss. Parameter tf islognormally
digtributed, which requires that tf exceed zero and have no theoretica upper bound. The
analyses used a 95 percent probability that the value of tf is 0.1 day or less and a 50 percent
probability thet it is0.01 day or less. Thisresulted in an average or expected vaue for tf of 0.03
day (43 minutes). This estimateis congdered implausibly high.

5.2.4.7 Sedimentation Rate

Sedimentation rate, S, affects estimates of the duration of time before chemicasin marine
sediments exceed SQS levels, tc. A high & yiddsahigh tc, and vice versa. Parameter S is
equa to the average net sedimentation rate, which is the difference between the total
sedimentation rate and the total resuspension rate, and is a measure of the long-term rate of
accumulation of sediments at a specific location.

In terms of the marine sediment time duration andys's, parameter St represents a patid and

tempord average. S is spatialy averaged over the affected sediment areaand tempordly
averaged over the time duration, which is on the order of centuries or longer.
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The average of the individua sedimentation rates recorded during lead-210 dating at Stations
475 and 499 indicated a net sedimentation rate of approximately 0.30 in./yr (URS 1996b,
Appendix RR, Section 5.5) in the central portion of the inlet, where the lead-210 data were
collected. The sedimentation rate used to estimate natural recovery of PCBs in marine sediments
in the excluson zone, and throughout the inlet, in support of the OU B Marine ROD (U.S. Navy
et a. 2000) used the point value of 0.30 in./yr, based on the lead-210 measurements.

For thisandyss, the 0.30 in./yr rate was very conservatively used as a practica upper bound on
the average sedimentation rate in the Bremerton Naval Complex excluson zone. Other
information conddered in estimating the sedimentation rate included the following:

A net positive sedimentation rate is supported by the statistical anayss of
available COC datafor marine sediments. Those data indicate that natural
recovery is occurring, which implies a net depogtion of relatively clean sediment.

The sediment trend analysis (McLaren 1998) concluded that the interpier area
was either depositiona or mixed depositiona/erosiond in character and that a
portion of the easternmost shipyard may be an erosond environment.

Prop wash does not influence the average net sedimentation rate or the average
concentration of any chemica over the excluson zone.

The equations that modd the influence of groundwater discharge on chemicd
concentrations in sediments under conditions of sedimentation remain
fundamentaly unchanged under conditions of erosion (which represents a
negative sedimentation rate). Localized eroson can thus be as effective as
deposition for controlling sediment recontamination from groundwater discharge.

Probabilistic Estimate of Sedimentation Rate. Consdering the limited data available, the
following assumptions were made to consarvatively reflect the uncertainty in S:

The uncertainty in Srisalognorma PDF for S greater than zero.
There is 95 percent probability that the true S will not exceed the available point

estimate of 0.30 in./yr, and there is 50 percent probability that the true Sr will not
exceed one-tenth of the 0.30 in./yr estimate, or 0.03 in./yr.
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This resulted in an average or expected value for Sr of 0.08 in./yr, or about one-quarter of the
0.30 in./yr estimate based on the lead-210 data**

Implicit in the probabilistic estimate of average sedimentation rate for the excluson zoneisthe
potentia influence of localized zones of net sediment erosion, as well aslocalized areas of zero
sedimentation. As an ultra-extreme test of the sensitivity of the time estimates, time duration
edtimates assuming an S of zero were dso made for the inorganic COCs. Because of the
parametric approach used for the organic COCs, estimates for Sr=0 were not made for the
organic COCs.

5.2.4.8 Reduction Factor for Drydock Dewatering

Reduction factor, R, measures the groundwater flow reduction to the inlet because of quay walls,
interception by drydock dewatering, or both. R can range from 1.0 for no reduction to 0.0 for
complete reduction; R is negative, less than zero, for net flow from the inlet into the terrestrid
aress.

Although the reduction factor represents the time-averaged ratio of hydraulic gradient with quay
walls and drydock dewatering to the hydraulic gradient in the absence of these two effects,
drydock dewatering is much more influentid than quay walls. The reduction factor is therefore
primarily a measure of drydock dewatering.

Reduction factors are used only for flux, load, and mixing length estimates. R isnot used to
estimate times for marine sediments to reach SQS vaues (i.e.,, R=1.0), asdiscussed in

Section 5.2.2.1. Also, because of the parametric approach used for the organic COCs, reduction
factors were not used for any of the organic COC egtimates (i.e., R=1.0).

Where used, R values were consdered for the three potential groundwater areas of concern at
OU B: Sites 10 Wed, 1, and 8 (demolished Building 106 underground tanks area). At Site 10
Wed, the effect of drydock dewatering was assumed to be negligible, and although there was
evidence that aquay wal extends into Site 10 West, a reduction factor was conservatively set to
apoint value of 1.0. That is, for Site 10 West no reduction was assumed for drydock dewatering
or aquay wall.

At the other extreme, Site 8 (106 tanks area) was consdered to have an R less than or near zero.
Fird, groundwater discharge from the Site 8 arealis at least partly restricted by sheet-pile quay

“The sedimentation rate used to estimate natural recovery of PCBsin marine sedimentsin the exclusion zone, and
throughout the inlet, in support of the OU B Marine ROD was 0.30 in./yr, based on the |ead-210 measurements. The
average sedimentation rate used here for the marine protectiveness measures is therefore about one-quarter of that
used in the natural recovery analyses that support the OU B Marine ROD.
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wallsin the eastern area of OU B. Second, the 106 tanks were closed in 1994 and filled with
grout. In addition, Site 8 lies between Drydocks 1 and 3, and the drydock dewatering process
further redtricts groundwater discharge to the inlet.

Simulated groundwater movement in the Site 8 area, as described in the draft RI (URS 1996b,
Appendix RR, Section 5), indicates that R islessthan zero. That is, the Smulations indicated

that net subsurface flow isinland from the inlet, that al groundwater flow isto Drydock 3, and
that chemica discharge to the inlet does not occur. Drainage from Site 8 to Drydock 3 was
estimated during the Sl to be 15 gpm (U.S. Navy 1999d). The pressure pipe historicaly reported
to discharge oily water from Site 8 to Drydock 3 has since been rerouted to the sanitary sewer
(U.S. Navy 1999d).

Smilar to the R vaue for Site 8, the R value for Site 1 was consdered to be less than or near
zero. Based on the groundwater modeling results described in the draft RI (URS 1996b,
Section 5), Site 1 straddles a groundwater divide where groundwater in the Site 1 area flows to
Drydock 6 to the west and Drydock 5 to the east. Also, the seawater-level sdinity in
groundwater samples in the Site 1 areaindicates that the mgjority of groundwater flow isinto the
Site 1 aeafromtheinlet. Based on these factors, the uncertainty in R for Site 1 was
consarvatively assumed to be the same as for Site 8, as presented in the following.

Egimatefor R: Sites1and 8 With Drydock Dewatering. The factors discussed in the
preceding paragraphs argued for an R of zero or less for the Site 1 and Site 8 areas. However, as
aconservative interpretation for these areas, R was set to apoint value of 0.02. A less
consarvative, more redigtic esimate of R would include negative vaues to account for the

inward flow of seawater due to drydock dewatering. For Sites 1 and 8 an expected vdue for R
of zero appearsto beredidtic.

The vaue of 0.02 can be contrasted to the “bulkhead factor” for sheet-pile quay walls used by
the USGS to model groundwater at PSNS (USGS 1997). Functionaly, the bulkheed factor is
amilar to an R factor. However, the USGS point estimate of 0.02 for the bulkhead factor did not
include effects of drydock dewatering, which would serve to reduce the factor below that due to
bulkheads aone.

No Drydock Dewatering. For the case of no drydock dewatering, R=1.0 was used for al three
gtes. The case of no drydock dewatering assumes no effects of dewatering and represents
groundwater conditions associated with the permanent closure of the Site and cessation of

drydock operations. Use of R=1.0 is conservative because it neglects the reduction effects of
bulkheads and quay walls (for which USGS assigned the equivdent of R=0.02).
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5.2.4.9 Sediment Density

Average sediment dry density, parameter Sd (expressed as dry unit weight [Ib/ft®]), affects
estimates of the dlapsed time before chemicals in sediment exceed SQS, tc, with a high (low) Sd
causng ahigh (low) tc. A dry dengty for sediments near the mud line at OU B has been
estimated at 35 Ib/ft® (URS 1996b, Appendix I1), indicative of sediments of very low density.
Although sediment dengty is likely to increase with depth below the mud line, it was assumed
that near-mud-line sediment dendity is not very variable,

Probabilistic Estimate of Sediment Density. To reflect the uncertainty in the estimate of Sd,
the following assumptions were made:

The uncertainty in Sd isalognorma PDF.

Thereisa 95 percent probability that the true Sd will not exceed the available
point estimate of 35 Ib/ft® by more than 50 percent (i.e., 53 Ib/ft?).

Thereis a 95 percent probability that the true Sd will not be less than 80 percent
of the 35 Ib/ft® point estimate (i.e., 28 Ib/ft?).

These assumptions resulted in an average or expected value for Sd of 39 Ib/ft® in the top 10 cm
of marine sedimertt.

5.2.4.10 Dissolved Concentration of COCs

Asdiscussed in Section 5.2.1, the dissolved concentration of inorganic COCs in discharging
groundwater used in the analyses was based on the maxi mum dissolved COC concentration in
samples measured during the RI in nearshore monitoring wells. Based on discussions with
regulatory agency steff, this was used as an expedient and smple way to ded with uncertainty in
dissolved COC concentrations.

Using the maximum measured concentrations was considered conservative because chemical
meass fluxes should be estimated usng spatialy averaged concentrations over the area of
concern. The use of maximum concentrations overestimates the flux contribution from areas
having concentrations less than maximum. However, where dl points have not been sampled,
the true spatialy averaged concentration is uncertain. Therefore, estimating the true (but
uncertain) spatiadly averaged concentration by using the maximum measured concentration
provides confidence that the true average has not been underestimated. Using the maximum
measured COC concentrations provided an inherently high level of conservatism in the analyses
that did not require an assgnment of additiona uncertainty. Resultant fluxes, and the
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protectiveness measures based on these fluxes, were considered to represent maximum vaues
for the areas of concern.

Additiona conservatism occurs because historicaly measured maximum chemicd
concentrations are expected to decrease over time, given effective source control. Future fluxes
are overestimated to the extent future concentrations decrease relative to the historically
measured concentrations. Consequently, the estimated times to increase sediment chemical
concentrations by SQS levels are overestimated.

For dl ste areas, the maximum concentration for dissolved mercury was set a %2 its detection
limit because dissolved mercury was not detected in any of the 171 groundwater samples
andyzed intheRI. Intwo cases (lead a Site 1 and zinc at Site 8) where no dissolved
concentrations have been reported, the highest total inorganic result was used to set upper limits
on potentia dissolved concentrations. Using total concentrations adds another level of
conservatism because total concentretions are very likely an artifact of sampling and result in an
overestimate of concentrations susceptible to groundwater transport. Because the 106 tanks
were filled with grout during the 1994 closure, data from postclosure sampling round |1 were
used for Site 8.

Asdiscussed in Section 5.2.2.1, “dissolved” analyses are unlikely to underestimate the
concentration of colloids that could flow in groundweter. Because dissolved andyses use a
0.45-micron filter, which is a the very upper end of the colloid range?” filtering would not
remove ether colloids or suspended particles less than 0.45 microns. To the extent filtering
passes particles that do not flow with site groundwater, chemica concentrations from dissolved
anayses will exceed the true chemica concentrations that are dissolved in or otherwise flow
with Ste groundwater. Nevertheless, in practical terms, filtering provides the most reasonable
measurement of inorganic concentrations that are being transported in Site groundwater.

Tota concentrations, in contrast, are very likely to overestimate concentrations susceptible to
groundwater trangport. Only total analyses were available for PAHs and PCBs because filtered
samples were not collected for organic chemicals. The vast mgority of these analyses detected
no measurable concentrations of these chemicals. The few cases of detected concentrations are
certainly biased high from effects of suspended particles (from imperfect sampling) that do not
flow with site groundweter. Chemica concentrations from total andyses generaly exceed the
true chemicd concentrations thet are dissolved in or otherwise flow with Ste groundwater.

2For example, E.M. Thurman, Organic Geochemistry of Natural Waters, 1985, cited in Lyman 1992.
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5.2.4.11 Sediment Thickness

Sediment thickness or depth below the mud line () affects only the estimated duration of time
before chemicasin sediment exceed SQS levels. No uncertainty was assigned to sediment
thickness. The sediment thickness was held congtant over dl time at the target thickness of 10
cm, consistent with the SMS (St = S, = 10 cm).

5.2.4.12 Shoreline Lengths

Appropriate lengths of shordline (Ls) were estimated to calculate tota chemical loads from
discharging groundwater. Because chemicd loads are useful for comparing groundwater mass
loadings to sormwater mass loadings, shordine lengths were made consistent with the western,
centra, and eastern ssormwater discharge zones. These zones were then associated with the
locations of Sites 10 West (western), Site 1 (central), and Site 8 (eastern). The following
assumptions were made:

The western section extends from the western edge of OU NSC (FISC) to the
eastern edge of OU A (Mooring G).

The centra section extends from the eastern edge of OU NSC to the western edge
of Drydock 4.

The eastern section extends east from the central section to the eastern boundary
of the Bremerton Nava Complex.

Site 10 West was associated with the western section, Site 1 with the central section, and Site 8
with the eastern section.

The shordline lengths were expected to sgnificantly overestimate the true lengths of shordine
associated with the maximum concentrations of dissolved chemica's measured in groundwaeter,
asused in the andlyses. Groundwater concentrations spatialy averaged aong the assumed
shoredline lengths would be the technicaly gppropriate concentrations for thisandysis. Although
these spatialy averaged concentrations are uncertain, they are very likely less than the
concentrations used in the analyses, as discussed previoudly.

Using the maximum shoreline lengths with the maximum measured groundwater concentrations
provided inherently high estimates of chemical |oads from discharging groundweter. These
estimates were expected to exceed 95 percent nonexceedance estimates and thus have greater
than 95 percent probability of exceeding the true chemica loads to the inlet from groundwater
discharge.
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5.25 Resultsof Marine Protectiveness Analyses

Results of the marine protectiveness andyses are presented in a series of tables and figures.
Edtimates are based on the input parameter valuesin Table 5-2. The basis of the input vauesis
discussed in Section 5.2.4. Results are presented separately for the inorganic COCs and the
organic COCs.

5.2.5.1 Inorganic Chemicals

Tables 5-3, 5-4, and 5-5 present the marine protectiveness estimates for the five inorganic COCs.
In each table, estimates are presented for the three Sites:

Site 10 West (west)
Site 1 (centrd)
Site 8 (east)

Egtimates are based on maximum dissolved COC concentrations measured in Site groundwater
monitoring wells, with the following exceptions. Totd lead was used for Site 1; total zinc was
used for Site 8; and because there were no detections of dissolved mercury at any of the Sites,
mercury concentrations were set at %2 the detection limit.

Fluxesand L oads. Table 5-3 presents estimates of chemical mass fluxes and total chemica
loads. Results are presented for two conditions: without drydock dewatering (R=1.0 for dl three
gtes) and with drydock dewatering (R=0.02 for Sites 1 and 8).

Unit Fluxes. The unit flux estimates include average or expected values and 95 percent
nonexceedance vaues. The 95 percent nonexceedance vaues have a 95 percent probability of
overestimating the true flux. Equivaently, thereisa 95 percent probability that the true fluxes
are less than the estimates in Table 5-3.

The unit fluxes presented in Table 5-3 are consdered site maximums because they were
estimated for the areas of concern in Sites 10 Wegt, 1, and 8 using maximum measured COC
concentrations, as discussed previoudy. These maximum unit fluxes effectively represent hot
spot conditions for the respective site aress.

Average or expected maximum fluxes without drydock dewatering (R=1.0) ranged from

23 glyr/ft for zinc at Site 1 to 0.01 g/yr/ft for mercury at dl Stes (dthough there were no
detections of dissolved mercury at any of the sites). Corresponding 95 percent nonexceedance
estimates ranged from 84 to 0.03 g/yri/ft.
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Maximum Loads. The maximum chemical |oad estimates presented in Table 5-3 are the product
of the average maximum unit flux and the maximum shordine length for the western, centrd,

and eastern areas of OU B. Although probabilities were not formally calculated, these maximum
load estimates are expected to exceed the true loads with greater than 95 percent probability, as
discussed in Section 5.2.4.12.

Because the maximum load estimates in Table 5-3 are expected to overestimate the true loads
with practica certainty, there are no entries for average or expected vaues for maximum |oads.
The maximum loads are effectively 95 percent nonexceedance estimates.

For each COC, the sum of the maximum load for the three Site areas is dso presented in

Table 5-3. For the case of no drydock dewatering (R=1.0), these maximum sums range from
126 kglyr for zinc to 0.07 kg/yr for mercury (dthough dissolved mercury was not detected at any
of the sites). The maximum total loadsin Table 5-3 are compared with estimated stormwater
chemical loadsin Section 5.3.

Mixing Lengths. Table 5-4 presents estimates of the mixing length required to achieve the
marine SWSfor Sites 10 Weg, 1, and 8. Reaults are presented for conditions with and without
drydock dewatering. Except for copper, the length estimates include ambient seawater
concentrations, as measured in Sinclair Inlet. Lengths for copper assume no ambient seawater
concentration because the measured inlet vaue of 5.5 ny/L is dready above the SWS of

3.1 ny/L. Thelength estimates are based on the maximum unit fluxes presented in Table 5-3.

The Table 5-4 estimates are inherently overestimates. All mixing lengths presented in Table 5-4
are based on the Surface Water Mixing Length Modd. This mixing mode requires that mixing
lengths be greater than zero. As stated in Section 5.2.2.2, the mixing model aso ignores
seawater mixing with groundwater immediately before discharge and thus precludes the

potentia for groundwater concentrations measured in monitoring wells to diminish before
dischargeto the inlet. The more accurate andlyses in Appendices UU and VV demondtrate that
the mixing mode overestimates surface water concentrations at the groundwater discharge point.
This means the estimated mixing lengthsin Table 5-4, as summarized next, are too long and the
nonexceedance probabilities too low.

Surface Water Mixing Lengths. Table 5-4 includes average or expected values and 95 percent
nonexceedance estimates. The 95 percent nonexceedance estimates have anomind 95 percent
probability of not being exceeded by the true mixing length. A more accurate probability is 100
percent, based on the preceding discussion (last paragraph).
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Under the condition of no drydock dewatering (R=1.0), the expected vaues of the mixing
lengths range from amaximum of 0.16 ft for copper (incrementa length) & Site 1 to aminimum
of 0.001 ft for lead a Site 10. These lengths are certain overestimates, based on the preceding
discussion (paragraph before the last).

The true mixing lengths are expected to be zero. A zero mixing length is based on the
complementary andysesin Appendices UU and VV. These andyses independently predict the
same concluson: chemicasin discharging Ste groundwater will not cause SWS exceedancesin
surface water & the groundwater discharge point. Thisis equivalent to saying that the mixing
length is zero.

Timesto Reach SQS. Table 5-5 presents estimates of the time before chemicdsin initidly
clean sediment at Sites 10 West, 1, and 8 will exceed SQS due to chemicals transported by
groundweter. Time estimates assume no drydock dewatering (R=1.0), initidly clean sediments,
and no effect of source depletion.

The time estimates are based on the maximum unit fluxes presented in Table 5-3. Thetime
estimates are therefore representative of hot spot conditions, not average or typica conditionsin
the western, central, and eastern portions of the Site.

Time to Reach SQS Concentrationsin Marine Sediments. The time estimates include average

or expected values and 95 percent exceedance estimates. The 95 percent exceedance values
have an estimated 95 percent probability of being exceeded by the true (but inherently uncertain)
duretion of time. Equivdently, thereisa 95 percent probakility that the true times will equd or
exceed the estimates in Table 5-5. The estimates are the following for al chemicds and dite
aress.

The expected time isinfinite.

Thereisaminimum 95 percent probability thet the true times will exceed

10,000 yearsfor dl ste areas and COCs with the exception of zinc at Sites 1 and
8. The estimated times for zinc exceed 5,000 years at Site 8 and 1,000 years at
Ste 1 (the MS 97 Excd spreadsheet used to implement the analyses displays
times only in increments—currently, >10,000 years, >5,000 years, >1,000 years,
and so on).

Infinite Time Probability. Estimates of the probability that the times are infinite are dso
presented in Table 5-5. These infinite time probabilities exceed 90 percent for dl chemicas
except zinc a Site 8, which has an infinite time probaility of 85 percent. An infinite time
means that chemica mass from discharging site groundwater will never increase chemica
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concentrations in marine sediments by an increment equd to the SQS, independent of sediment
depth. For initidly clean sediment, this means that the SQS would never be exceeded. Thus
even for zinc a Site 8, there is an 85 percent probakility that clean sediment subjected to
groundwater discharge would never exceed the SQS.

Zero Sedimentation Rate. Time estimates for the unredlistic case of along-term average
sedimentation rate of zero (Sr=0) are dso included in Table 5-5. These are median estimates
conditiond on Sr=0. All estimates exceed 3,400 years. For the time estimates to be cons stent
with the S=0 assumption, a condition of zero sedimentation (with neither eroson nor
sedimentation) would have to prevail for the estimated times—that is, in excess of 3,400 years.

5.2.5.2 Organic Chemicals

Figures 5-2 through 5-8 present the marine protectiveness estimates for the two organic COCs,
PCBs, and PAHs. PAHs are separated into LPAHs and HPAHs. Datafor PCBsand PAHs in
gte groundwater do not allow dte distinctions. Therefore, dl of OU B was andyzed as one Site;
equivdently, dl steswithin OU B are trested the same. Because of these data limitations, the
protectiveness estimates are ad so presented as parametric functions of chemica concentrationsin
dte groundwater, as explained next.

Parametric Presentation for PCBsand PAHSs. Protectiveness measure estimatesin

Figures 5-2 through 5-8 are presented as functions of chemical concentrationsin Site

groundwater. The parametric presentation approach smply means that the protectiveness
measures (vertical axes) are graphed againgt groundwater concentration (horizontal axes) taken

as an independent parameter. The parametric presentation approach (with groundwater
concentration as an independent variable) has the advantage of adlowing readers to draw their

own conclusions as part of interpreting the results of the andyses. The parametric gpproach is
used because representative concentrations of PCBs and PAHs in Site groundwater are too low to
be detected; that is

The vast mgjority of OU B groundwater samples showed no detectable
concentration of organic COCs:. respectively, 97, 91, and 84 percent of the
samples had no detectable concentrations of PCB, HPAH, and LPAH.
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The limited detections are unrepresentative of true Site conditions—they are both
too few and infrequent and may be artifacts of imperfect sampling because only
unfiltered samples were andyzed for organic compounds.

PCBs and HPAHSs have very low solubility and corresponding high affinity for
s0ils, which results in the potentia for very low concentrations in Site
groundwater.

These congderations argued for usng %2 the minimum detection limit as the maxi mum potentia
concentration in OU B groundwater. Therefore, a concentration of %2 the minimum detection
limit was used to draw the principa conclusions from the figures for PCBs and HPAHS (the
minimum detection limit was used for LPAHS). Neverthdess, the full range of chemicd
detection limits and detections was used for the parametric graphs, as discussed next.

Range of Chemical Detection Limits and Detections. The parametric presentation graphs the
range of chemical detection limits and detections on the graphs (Figures 5-2 through 5-8) of
protectiveness measure versus Site groundwater concentration.  Although %2 the minimum

sample detection limit is consdered the most accurate representation of an upper bound on site
concentrations, graphing the entire range of detection limits and detections alows readers to

make their own interpretations of Ste concentrations and related protectiveness estimates. The
graphed range of chemica detection limits and detections includes the following:

Number of sample measurements

Number of nondetections (NDs) and number of detections

Minimum detection limit (DL) and the number of NDs having the minimum DL
Concentration at Y2 the minimum DL (DL/2)
Concentration of &l detections

Geomean concentration of all samples, both NDs and detections, with NDs set
at¥2DL

I nterpreting the Range of Chemical Detection Limits and Detections. To reiterate, the
parametric gpproach is used because representative concentrations of PCBs and PAHs in Site
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groundwater are bel ow detection limits. The range of chemica detection limits and detections
shown in Figures 5-2 through 5-8 are therefore

Not representative of true chemical concentrations in site groundwaeter.

Indicative of an upper bound or limit on concentrations, after discounting the
limited detections that are consdered probable artifacts of the total (unfiltered)
anayses used to measure organic chemicas. The upper bound on Ste
concentrations is most accurately interpreted relaive to the sample detection
limits, which represent the lower end of the range of detection limits and
detections graphed on the figures.

The parametric gpproach was used for chemica fluxes, loads, mixing lengths to meet SWS, and
times to reach SQS in marine sadiments. Estimates for mixing lengths were limited to PCBs
because SWS are not available for PAHSs.

Fluxes and L oads. Figures 5-2 through 5-4 graph estimated chemical flux and load to the inlet
parametrically againgt the chemical concentration in Site groundwater. Figure 5-2 is devoted to
PCBs, Figure 5-3 to HPAHSs, and Figure 5-4 to LPAHSs. In each figure the estimates are
presented in the sameway. Each figure includes two horizonta (concentration axes) and two
vertica (protectiveness measure) axes.

Lower horizontal (concentration) axis—The chemical concentration in Site
groundwater is represented on the lower horizontal axis as an independent
(parametric) variable; that is, the lower concentration axis says nothing about
what the true Site groundwater concentration actudly is (the concentration is
uncertain, as dready explained). Concentration units are microgram of chemica
per liter of discharging groundwater (ng/L).

Upper horizonta (concentration) axis—The range of detection limits and
detectionsis graphed immediately below the upper horizontal concentration axis
(the upper and lower horizontal concentration axes are otherwise identical). The
range of detection limits and detections represents the available data for

inter preting the true but uncertain Ste groundwater concentration.

Right verticd (flux) axis—Chemicd fluxes are measured by theright verticd axis
as a (parametric) function of the chemica concentration on the lower horizontal
axis or for agiven concentration within the range of detection limitsand
detections graphed immediately below the upper horizonta axis. Flux unitsare

microgram of chemica per day per foot of shordine (ng/day/ft).
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Left verticd (load) axis—Chemicd loads are measured by the left vertical axis as
a (parametric) function of the chemica concentration on the lower horizontal axis
or for agiven concentration within the range of detection limits and detections
graphed immediately below the upper horizonta axis. Loads are based on 8,850 ft
of OU B shordine; units are kilogram of chemical per year (kg/yr).

Nonexceedance Estimates. Nonexceedance estimates of chemicd fluxes and loads are
presented in Figures 5-2 through 5-4 as a (parametric) function of site groundwater
concentration. The estimates are made at three nonexceedance probability levelsthat cover a
religbility range from “high reliability” (i.e., 95 percent) to “more probable than not” (i.e, very
dightly greater than 50 percent),® explained as follows.

95 percent nonexceedance estimates—These have a 95 percent probability of
overestimating the true flux or the true load. Equivaently, there is a 95 percent
probability that the true flux or load will not exceed these estimates. In ordinary
language, these may be considered high-rdiability estimates becauseit is highly
unlikely that the true flux or load would exceed the (95 percent nonexceedance)
esimate.

75 percent nonexceedance estimates—These have a 75 percent probability of
overestimating the true flux or the true load. Equivaently, thereisa 75 percent
probability that the true flux or load will not exceed these estimates. These may
be considered moderate-reliability estimates because it is moderately unlikely that
the true value would exceed the estimate.

50 percent nonexceedance estimates—These are median estimates, which are
interpreted to have avery dightly gresater than 50 percent probability of
overestimating the true flux or the true load (the “very dight” difference from

50 percent isthe probability increment that the true value equasthe estimate). It
is more probable than not (>50 percent) that the 50 percent nonexceedance
edimates will overestimate the true flux or load (equal probability would require
the true flux or load to be less than or equal to the estimate).?*

Reading the Graphs. The parametric presentation makes the nonexceedance flux and load
estimates conditiona on the chemical concentrations represented on the lower horizonta axis or
on any particular concentration in the range of detection limits and detections graphed below the
upper horizontal axis. As sated, %2 the minimum sample detection limit, which is the lower end

N onexceedance estimates between these three values could be interpol ated.
#The practical convenience of this usage should not be lost by torturing a semantic fine point; a50.1 percent or

51 percent nonexceedance estimate would be equivalent to the 50 percent estimate for all practical purposes.
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of the range of detection limits and detections, is considered representative of an upper bound for
PCB and HPAH concentrations in site groundwater (the upper bound for LPAH concentrations
is the minimum sample detection limit). In generd, the flux or load associated with any

particular concentration (e.g., ¥2 the minimum detection level or a given detected concentretion)
isread on the graph in the same way:

1. Project an imaginary vertical line from the concentration to the nonexceedance
curve of interest.

2. From the nonexceedance curve, project an imaginary horizontd line to the right

vertical axisto read off the flux estimate or to the I&ft vertical axisto read off the
load estimate.

Asan indructive illugtration, Figure 5-2 presents an example using a Site groundwater PCB
concentration equd to %2 the minimum sample detection limit of 0.005 ng/L (upper horizontal
concentration axis) and the 95% nonexceedance curve. By following the above two steps, the
graph shows the estimated 95% nonexceedance load for OU B is gpproximately 0.0125 (rounded
t0 0.01) kg/yr (left vertica axis) with aflux of gpproximatey 3.9 (rounded to 4) ng/day/ft (right
verticd axis). All graphs are used and read in the same basic way.

With the preceding introduction, the following discussion interprets the results of the parametric
andyssfor fluxes and loads.

PCBs. Asdiscussed, 2 the minimum detection level was considered a representative upper
bound of PCB concentrations in site groundwater. Based on this, the resultsin Figure 5-2 are
interpreted to indicate the following:

With 95 percent probability

- PCB fluxes will not exceed gpproximately 4 ng/day aong any foot of OU
B shordine

- PCB totd loads from OU B will not exceed gpproximately 0.01 kg/yr

It is more probable than not (>50 percent probability) that

- PCB flux will not exceed gpproximately 0.2 ng/day dong any foot of
OU B shordine

- PCB tota |loads from OU B will not exceed gpproximately 0.001 kglyr
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These estimates are conservative because they are based on amaximum likely site concentration.
HPAHs. Smilar to the upper bound for PCBs, %2 the minimum detection level was consdered a
representative upper bound of HPAH concentrations in Site groundwater. Based on this, the
results in Figure 5-3 are interpreted to indicate the following:

With 95 percent probability

- HPAH fluxeswill not exceed approximately 170 ng/day aong any foot of
OU B shordine

- HPAH total loads from OU B will not exceed gpproximatdly 0.6 kg/yr
It is more probable than not (>50 percent probability) that

- HPAH flux will not exceed approximately 7 ng/day along any foot of
OU B shordine

- HPAH total loads from OU B will not exceed approximately 0.02 kg/yr
These estimates are consarvative because they are based on amaximum likely site concentration.
LPAHs. LPAHSs are more soluble than HPAHs and PCBs, and thus there is greater potentia for
dissolved-phase trangport of LPAHSs by groundwater. For this reason the minimum detection
level, rather than Y the detection level, was consdered a representative upper bound of LPAH
concentrations in site groundwater. Based on this, the resultsin Figure 5-4 are interpreted to
indicate the following:

With 95 percent probability

- LPAH fluxeswill not exceed gpproximately 350 ng/day aong any foot of
OU B shordine

- LPAH tota loads from OU B will not exceed approximately 1.1 kg/yr
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It is more probable than not (>50 percent probability) that

- LPAH flux will not exceed approximately 14 ng/day along any foot of
OU B shordine

- LPAH tota loads from OU B will not exceed gpproximately 0.05 kglyr
These estimates are consarvative because they are based on a maximum likely Site concentration.

PCB Mixing Lengths. Mixing lengths for PCBs are presented in Figure 5-5. The mixing
lengths are presented smilarly to the flux and load estimates.

Edtimatesin Figure 5-5 are based on the mixing model, as used for the inorganic COCs and
discussed earlier. The figure indicates thet it is more probable than not that mixing lengths for
PCBs would be less than approximately 0.1 ft (under the condition of no drydock dewatering).
As discussed for the inorganic COCs, the true length is expected to be zero.

Edtimates for mixing lengths were limited to PCBs because SWS have not been established for
PAHs. However, under any credible scenario, mixing lengths for PAHs are dso likely to be
zero.

Timesto Reach SQS. Figures 5-6 through 5-8 graph the estimated time to reach SQS
concentrations in affected marine sediments againg the chemica concentration in Ste
groundwater. Figure 5-6 is devoted to PCBs, Figure 5-7 to HPAHS, and Figure 5-8 to LPAHSs.
For PCBs, the SQS was reduced from 12 mg/kg OC to an equivalent 3 mg/kg OC to be
conggtent with the marine cleanup level for OU B.

Exceedance Estimates. Thetime curvesin Figures 5-6 through 5-8 are exceedance estimates,
graphed as a (parametric) function of ste groundwater concentration. Although it may be
obvious how exceedance estimates (Figures 5-6 through 5-8) differ from nonexceedance
estimates (Figures 5-2 through 5-5), to be clear, the exceedance estimates are explained as
follows

95 percent exceedance estimates—These have a 95 percent probability of
underestimating the true time to reach SQS (or 3 mg/kg OC for PCBs).
Equivdently, thereis a 95 percent probability that the true time will exceed these
esimates. These may be consdered high-rdiability estimates because it is highly
likely that atrue time would exceed the (95 percent exceedance) estimate. At
(very) low concentrations the 95 percent exceedance estimate can be infinite; in
this case, there would be a minimum 95 percent probability that the true time
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would be infinite (and, clearly, al exceedance estimates below 95 percent
[e.., 75 percent or 50 percent] would be infinite).

75 percent exceedance estimates—These have a 75 percent probability of
underestimating the true times. Equivaently, thereisa 75 percent probability
that the true time will exceed these estimates. If the 75 percent exceedance
edimaeisinfinite, there isaminimum 75 percent probability thet the true time
would beinfinite.

50 percent exceedance estimates—These median estimates are interpreted as
having avery dightly greater than 50 percent probability of underestimating the
truetime. It is more probable than not (>50 percent) thet the true time will
exceed these estimates (recdl previous discusson regarding 50 percent
nonexceedance estimates). If the 50 percent exceedance estimate isinfinite, there
isaminimum 50 percent probability that the true time would be infinite. And
noting the obvious, if the 75 percent exceedance estimate isinfinite, so isthe

50 percent exceedance estimate.

Reading the Graphs. The estimates in Figures 5-6 through 5-8 are presented smilarly to the
fluxes and loads in Figures 5-2 through 5-4, except the curves are exceedance estimates. The
time associated with any particular concentration is read off the curve by (1) projecting an
imaginary vertica line from the concentration to the exceedance curve of interest and (2)
projecting from the exceedance curve an imaginary horizonta line to the vertica axisto read off
the time estimate. For illugtration, Figure 5-6 includes an example using a Ste groundwater PCB
concentration equd to %2 the minimum sample detection limit of 0.005 ng/L (upper horizontal
concentration axis) and the 95 percent exceedance curve. Following the above two steps, the
graph shows that the estimated 95 percent exceedance time for PCBs is approximately 71 years
(Ieft verticd axis). (Recdl that for PCBs the SQS was reduced from 12 mg/kg OC to an
equivdent 3 mg/kg OC to be consstent with the marine cleanup leve for OU B.)

The verticd time axes have been limited to amaximum of 1,000 years, which is consdered a
reasonable limit of mogt practicd interest. This limitation makes the graphs more generdly
readable, but means exceedance times greater than 1,000 years cannot be read from the graphs
(athough they could be roughly inferred by visud extrgpolation). Thislimitation isremedied

for the particular PCB and PAH concentrations considered to be reasonable maximums for OU B
(i.e,, ¥2the minimum sample detection limit for PCBs and HPAHs and the minimum sample
detection limit for LPAHS). For these concentrations atext box isincluded in each figure
showing the 95%, 75%, and 50% exceedance times and the probability that the timeisinfinite

(75 percent, or 50 percent exceedance times may beinfinite). These times may exceed

1,000 years and in certain cases are infinite.
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Parameter Ps. All time estimates in Figures 5-6 through 5-8 assume Ps=1.0. Parameter Psis
the proportion of chemica massin groundwater that fixes onto marine sediment, as discussed in
Section 5.2.4.4; Ps=1.0 is the highest possible vaue, giving minimum (most conservetive) times.

It may be useful to note that estimates for any other Ps (Pst; where Psé<1) can be made by
multiplying the concentration corresponding to a given time (held congtant) by the ratio PS/Ps¢
(i.e., thereciproca of Ps§ snce Ps=1.0). For example, for any given time estimate the
corresponding “alowable’ concentration would be doubled for Ps¢=Y4, tripled for Ps¢=1/3, and so
on. Note that the same linear relationship does not generaly hold for the time associated with a
given concentration that is held congtant (e.g., holding concentration constant, the corresponding

time estimate is not generaly doubled for Pst=Y%).

With the preceding introduction, the following discussion interprets the results of the parametric
andlyssfor the time to reach SQS in marine sediments due to Ste groundwater discharge.

PCBs. Basad on Y2 the minimum detection level as a maximum PCB concentration in Ste
groundwater, the results presented in Figure 5-6 indicate the following:

Timewill exceed gpproximatdly 71 years with 95 percent probability.
Timewill exceed approximately 4,000 years with 75 percent probability.
Thereisa 66 percent probability the time will be infinite.

These estimates are considered reliable because they are based on amaximum likely site
concentration, as well as the various other conservative assumptions documented in the analyss.

HPAHSs. Based on %2 the minimum detection level as a maximum HPAH concentretion in Ste
groundwater, the results presented in Figure 5-7 indicate the following:

Timewill exceed approximately 3,000 years with 95 percent probability.
Thereisan 87 percent probability the time will be infinite.

These estimates are considered reliable because they are based on amaximum likely site
concentration, as well as the various other conservative assumptions documented in the analyss.

LPAHs. Basad on the minimum detection level as amaximum LPAH concentration in Ste
groundwater, the results presented in Figure 5-8 indicate the following:

Time will exceed gpproximatdly 124 years with 95 percent probability.

Time will exceed approximately 14,000 years with 75 percent probability.
Thereisa 70 percent probability the time will beinfinite.
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These estimates are considered reliable because they are based on amaximum likely site
concentration, as well as the various other conservative assumptions documented in the analysis.

5.2.5.3 Conclusions From the Marine Protectiveness Analyses

The results of the marine protectiveness anayses indicate very limited potentialy adverse future
impacts on marine waters and sediment of Sinclair Inlet from chemicadsin groundwater that
discharges from terrestrial OU B. In particular, Ste groundwater discharges are not predicted to
result in either SWS exceedances in surface water or SQS exceedances in marine sediment.

These results can be interpreted to apply to al chemicals detected at OU B because the analyses
were based on representative chemicals frequently detected at OU B at concentrations exceeding
regulatory criteria and adopted as appropriate chemica indicators through consultation with
agency daff. The results of these andyses are consdered conservative and reliable, as discussed
throughout this section.

The analyses support the conclusion that Site groundwater is adequately protective of the inlet
and that active remediation of groundwater may not be warranted. In particular, Ste
groundwater is predicted by the analysesto be protective of the site remedy for marine OU B.

To help verify these predictions and conclusions by demondirating protection of surface water, it
is assumed that an appropriate groundwater compliance monitoring program (consstent with
WAC 173-340-720(9)) will be enacted as part of the remedy selected inthe ROD. Itisaso
assumed that a conditiona point of compliance for Site groundwater under WAC 173-340-
720(8)(c) will be required. Presumably, the conditiona point of compliance would be located
immediately upgradient of groundwater discharge to the inlet because the protectiveness
analyses predict that Site groundwater does not exceed SWS (WAC 173-201A) at the discharge
point and does not result in exceedances of SQS (WAC 173-204).

By implication, as discussed in Section 5.2.1, the terrestria soil to groundwater pathway does
not pose athreat or potentid threet to the inlet. Because Ste soils are the source of chemicalsin
gte groundwater, if groundwater is not a threet, then neither are the Site soils. This concluson
does not extend to affected Site soils that may be directly transported to the inlet by localized
surface water erosion, including scormwater loading, as discussed in the next section.
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5.3 SURFACE WATER PATHWAY

This section summarizes mass loadings of COCs from terrestrid OU B to Sinclair Inlet viathe
surface water pathway. The surface water pathway is separated into “stormwater loading,” as
discussed in Section 5.3.1, and “drydock discharges,” as discussed in Section 5.3.2. Conclusions
related to the magnitude of mass loading from groundwater relative to surface water discharges
are presented in Section 5.3.3.

531 Stormwater Pathway

Surface water flowing across the site surface toward storm drains can pick up chemicals both in
dissolved form and in association with particulate matter. Surface water that encounters debris
accumulated within the storm drain system can dso dissolve chemicals and suspend particles
with sorbed chemicals from the debris. Potentidly, contaminated soils and groundweter aso
may enter the surface water collection system through bresks or leaks in the system. Stormwater
containing dissolved and suspended chemicals flows through the storm drainage system and
discharges through permitted outfdlsto Sinclair Inlet. The ssormwater pathway andyssis
discussed in more detail in Appendix RR and Appendix FF.

Stormwater Mass L oading. The principd quantitative results from the surface water andysis
in Appendix RR are summarized in Table 5-6, where sormwater loading for the five inorganic
COCs are egtimated for the western, central, and eastern sections of OU B; the resultsin

Table 5-6 dlow comparison with groundwater loadings. The estimated sormwater loadings
were based on available data, which is limited to 1995 mass loadingsto Sinclair Inlet from
surface water discharges from western, central, and eastern OU B. OU A and OU NSC are not
included because these sites are not part of OU B and have undergone remedia action under
their own RODs. Table 5-6 load estimates do not include loads from drydock discharges or
groundwater entering the drydocks viathe drydock pressure-relief drainage systems. Incluson
of drydock discharges (which are regulated under the NPDES program, not under CERCLA)?
would increase the load estimates in Table 5-6 (and further support the conclusion of the
andysis, as summarized in Section 5.3.3).

It should be recognized that the load estimatesin Table 5-6 are based on extrapolation of limited
measurements made at only afraction of the existing sormwater discharge points during asingle
year (1995). Although the estimates may therefore overestimate or underestimate the true loads

%t isalso understood that it would be impracticable to collect and treat either relief drainage water (including
groundwater) entering the drydocks or drydock discharges.
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under current or future conditions, the following comparison and conclusion appearsto be
generdly vdid.

Comparison of Groundwater and Stormwater Mass Loadings. Table 5-7 presents a
comparison of estimated groundwater and ssormwater loadings for OU B. The comparison is
made by computing the ratio of the estimated maximum total load as aresult of groundwater
discharge from Table 5-3 to the estimated stormwater loadings from Table 5-6. Results are
presented for the western, centra, and eastern sections, together with the sum of the three
sections. Ratios with and without drydock dewatering are included, athough the distinction
affects only the centra and eastern sections.

Ratiosin Table 5-7 less than 1.0 indicate that stormwater |oadings exceed the groundwater
loadings; ratios grester than 1.0 would indicate that groundwater |oadings exceed stormwater
loadings. However, because the estimated maximum groundwater loads used in caculaing the
ratios have a high probability of overestimating the true groundwater loads, the ratios in
Table5-7 are biased high. That is, theratiosin Table 5-7 very likely overestimate the rdeive
contribution of groundweter.

Even with the high bias, the ratios suggest that groundweter loadings are generdly much less
than sormwater loadings, particularly for the current and anticipated future OU B operating
condition where the drydocks are dewatered. Only for arsenic in the western section, which has
the maximum ratio of 0.83, does the estimated groundwater load approach the estimated
gormwater load. Because thisratio reflects what is probably a significant overestimate of the
groundwater contribution, true ratios would likely be much lower.

From this comparison it gppears that sormwater loading to the inlet clearly exceeds direct
groundwater loading to theinlet. Additiona surface water loading to the inlet via drydock
dischargesis discussed next.

5.3.2 Drydock Discharges

The drydocks at the Bremerton Naval Complex are fully operationd (i.e., dry) more than 95
percent of the time (USGS 1995). The drydock drains act aswells or groundwater sinks that
have alarge influence on groundwater flow in OU B. Under conditions of drydock operation,
USGS edtimated from groundwater modeling that al groundwater except shalow groundwater
in the western area of the Bremerton Naval Complex discharges to the drydocks (USGS 1997,
Figure 17). Thisimpliesthat virtualy al OU B groundwater except shalow groundweter in the
area of Site 10 West flows to the drydocks, as discussed in the next two paragraphs.
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The continuous pumping necessary to keep shipyard drydocks dewatered draws considerable
amounts of seawater into Ste groundweter. This seawater mixes with groundwater originating in
the upland portion of the Bremerton Nava Complex as site groundwater is pulled toward the
dewatered drydocks, where it then enters the drydock dewatering systems and is eventually
discharged to Sinclair Inlet. Based on groundwater modding, USGS estimated gpproximeately
8.6 cfs of groundwater discharge to the drydocks, of which approximately 5.7 cfs, or 66 percent,
is seawater from the inlet (USGS 1997, Table 5).* By implication, approximately 2.9 cfs, or 34
percent, of the discharge to the drydocks would be from groundwater unaffected by (or unmixed
with) seawater.

The USGS modd-based estimates are consstent with the single set of flow measurements made
by USGS at the drydocks in the summer of 1994 (USGS 1995). Based on the USGS
measurements and interpretations, approximately 8.4 cfs of groundwater discharged to the
drydocks, of which approximately 5.7 cfs, or 68 percent, was seawater from theinlet. By
implication, approximately 2.7 cfs, or 32 percent, of the discharge to the drydocks was from
groundwater unaffected by (or unmixed with) seawater. Discharge to the inlet was also
estimated as part of USGS 1994 study. Totd discharge from al drydocks (DD-1 through DD-6)
to the inlet was estimated at approximately 14.3 cfs, of which gpproximately 11.1 cfs, or

78 percent, was seawater from theinlet. These outflow estimates would imply 3.2 cfs of
groundwater in the total outflow. The 0.5-cfs difference from the 2.7 cfs estimated for
groundwater inflow would appear to be due to various measurement and roundoff errors.

The groundwater analys's documented in Section 5.2 estimated that direct groundwater

discharge to the inlet in the western area of OU B (represented by Site 10 West) has an expected
vaue of gpproximately 0.18 cfs and does not exceed approximately 0.67 cfswith 95 percent
probability (see Table 5-3). For al of the Bremerton Nava Complex, based on groundwater
modeling, USGS estimated about 4.1 cfs of groundwater recharge from precipitation and about
1.3 cfsof direct groundwater discharge to the inlet, including OU A and OU NSC (USGS 1997,
Table5). Asdiscussed in the preceding two paragraphs, about 2.7 to 3.2 cfs of Site groundwater,
not including seawater inflow from the inlet, enters the drydocks. With some consistency, these
esimates indicate that the Bremerton Naval Complex discharges about 4.1 cfs of groundwater to
the inlet either through the drydocks or directly to the inlet, with direct discharge condtituting

about one-third of the total groundwater flow. Although impractica to differentiate exactly
between OU B and the rest of the Bremerton Naval Complex, it appears that when the drydocks
are operating, approximately 4 percent (0.18 cfs of 4.1 cfs) to as much as 16 percent (0.67 cfs of
4.1 cfs) of OU B groundwater discharges directly to the inlet dong Site 10 West.

1 cfs=0.65 MGD.
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Based on these flow estimates, it gppears reasonable to conclude that most chemicals transported
out of the shipyard by groundwater pass through the drydock dewatering systems. Direct
discharge of groundwater to Sinclair Inlet would thus appear to be a comparatively minor route
restricted to the western shipyard, outside the influence of the drydocks. This further supports
the conclusion from Section 5-2 that chemica transport to the inlet from direct groundwater
discharge isrelatively smal compared to transport from surface water discharges. Specifically,
the groundwater analysis documented in Section 5.2 estimated that the maximum load of copper
and lead to the inlet from the western area of OU B represented by Site 10 West was,
respectively, approximately 3.28 and 0.34 kg/yr (Table 5-3). These loads can be cautioudy
contrasted to alimited extent with estimated past loads from drydock discharge, as discussed
next.

As part of the USGS 1994 study (USGS 1995) chemica concentrations were measured in water
samples collected a selected locations from the drydock drainage systems. Based on measured
concentrations of copper and lead, USGS estimated an equivalent copper load of approximately
200 kg/yr and an equivalent lead load of gpproximately 300 kg/yr from the drydock discharge to
the inlet (USGS 1999 with a subsequent unit conversion correction by URS).

Although the estimated drydock copper loading is 60 times higher than the estimated maximum
loading from Site 10 West and the lead loading is 900 times higher, it is cautioned that these
drydock load estimates reflect very limited and potentialy unrepresentative data. They are
based on only one st of flow and chemica measurements and are dominated by results from a
few samples. In particular, 70 percent of the copper load and 48 percent of the lead load is based
on the single chemica sample at location DD6-W-NB. Furthermore, the limited 1994 data
predate systematic improvements in shipyard operations that have likdly resulted in greatly
reduced chemica concentrations in drydock discharge. Since 1994, improved drydock
housekeeping and source control practices have been implemented at the Bremerton Nava
Complex. However, even with these quaifications, it gppears reasonable to conclude that
surface water loading is the mgjor source of chemical trangport from OU B to the inlet, which is
the principa conclusion of this section as stated next.

5.3.3 Concluson

The comparison of groundwater and stormwater chemical loading, as discussed in Section 5.3.1,
together with consderation of potentia drydock discharges, as discussed in Section 5.3.2,
indicate that surface water loading is the principa source of chemica loading from OU B to the
inlet. Absent drydock discharges, which are regulated under the NPDES program, the
conclusion remains that sormwater loading is the principa source of chemica loading from

OU B totheinlet.
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54  SOIL VAPOR PATHWAY

The soil vapor pathway is evauated in this section for consistency with MTCA under WAC 173-
340-745, which requires evauation of the soil vapor pathway to determine whether air emissions
at adte pose athreat to human hedth or the environment. Specificaly, WAC 173-340-
745(5)(b)(iii)(C) specifies that the soil vapor pathway shall aso be considered in establishing
industrid soil cleanup levels.

Because any potentid risks associated with this pathway were consdered negligible, the OU B
risk assessment did not evauate a soil vapor pathway for ambient air or indoor air. Potentia
risks from the soil vapor pathway were considered negligible based on the cumulative effects of
severd factors, including the following:

Limited exposure for potentia receptors because of the industria nature of the
gte

Resigtance to vapor trangport from structura barriers, including paving and floor
dabs, covering virtudly 100 percent of the site

Confounding effects of emissons from industrid processes a the Site

Rdatively low concentrations of VOCs in subsurface soil that could be a source
of COCsin soil vapor

For the conditions at OU B, congistency with MTCA under WAC 173-340-745(5)(b)(iii)(C)
does not require further evaluation of a soil vapor pathway beyond what isincluded in the
remainder of this section. Specificdly, the requirements of WAC 173-340-745(5)(b)(iii)(C) are
interpreted to preclude a requirement for evaluating the vapor pathway if COC concentrationsin
dte soil are not “sgnificantly higher than a concentration derived for protection of groundwater
for drinking water beneficid use” Thisisthe Stuation a OU B, asis evident from the andyss
presented in Table 5-8, which fulfills the requirements of WAC 173-340-745(5)(b)(iii)(C) to
preclude further evauation of the soil vapor pathway.

Table 5-8 compares measured concentrations of VOCs and TPH in OU B soil sampleswith
MTCA soil cleanup levelsfor protection of groundwater for drinking water beneficia use, based
on WAC 173-340, Table 740-1. AsTable 740-1 notes, the soil cleanup levels are based on
protection of groundwater for drinking water use using the proceduresin WAC 173-340-747(4)
and (6), which is consstent with WAC 173-340-745(5)(b)(iii)(C)(1) and (111). The exceptionis
TPH-diesdl which uses WAC 173-340-745(5)(b)(iii)(C)(11) to preclude the need for further soil
vapor andyss. Note that dthough TPH concentrations may be higher in portions of OU NSC
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(FISC) (URS 19951), OU NSC is not part of OU B; OU NSC is covered by its own RI/FS and
exiging ROD.

The table clearly indicates that VOC and TPH concentrations measured in OU B soil are not
“dgnificantly higher than a concentration derived for protection of groundwater for drinking
water beneficiad use” consstent with MTCA. In fact, the vast mgority of concentrations are
below detection limits (excepting TPH-diesdl) and are below the Table 740-1 cleanup levels for
groundwater protection (last column of Table 5-8). Of the few exceedances, none could be
consdered “sgnificant” in terms of a soil vapor pathway (or a groundwater pathway). It isthus
concluded thet further evauation of the soil vapor pathway for OU B is not required under
MTCA, consistent with WAC 173-340-745(5)(b)(iii)(C).

55 CONCLUSONS

Thefollowing mgor conclusons for the terredirid portion of OU B & the Bremerton Naval
Complex are based on the andyses in this document:

Potentidly adverse future impacts on marine waters and sediment of Sinclair Inlet
from chemicals in groundwater that discharges from terrestriad OU B are very
limited.

Site groundwater discharges are predicted not to result in SWS exceedancesin
surface water or SQS exceedances in marine sediment.

Site groundwater is adequately protective of the inlet to conclude that active
remediation of groundwater may not be warranted.

Site groundwater is predicted to be protective of the site remedy for marine OU B
(i.e., recontamination of marine sediments is not expected).

The terrestrid s0il to groundwater pathway is not predicted to pose athreat or
potentid threet to the inlet. (This concluson does not extend to affected Site soils
trangported to the inlet by stormwater loading or other surface water erosion
effects, including potential mass wasting at exposed aress of the shoreline)

The soil vapor pathway is not athrest or potentid threat, as concentrations
measured in OU B soil do not gppear to be sSgnificantly higher than a
concentration derived for protection of groundwater for drinking water beneficia
use.
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In light of the predictions summarized above, sormwater loading appears to be
the principa source of chemica loading to theinlet. (Stormweter |oading may
include erosion or mass wasting at exposed, susceptible areas of the shordline.)

It is assumed that appropriate Ste monitoring will be enacted as part of the remedy sdlected in
the ROD to provide adequate verification of these expectations and conclusons.
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Table5-1
Marine Protectiveness M easures and Model I nput Parameters
Protectiveness M easur es Modée Input Parameters

Unit chemical massflux intoinlet, F @, Cgw

Chemical load (mass) into inlet, F; F Ls

Mixing length required to achieve SWS, Lsws F, Am, tf, Cas, SWS

Duration of time before chemicals in sediment exceed SQS, tc F,Lm, &, &, Sr, Ps, SOS

%Q isthe groundwater discharge ratetotheinlet; Q=K1 AgR=qAqR

Modd Input Parameters:

Am - effective vertical mixing area per foot of shoreline; set equal to Aq (ft?/ft)

Aq - effective unit discharge area (per 1-ft unit length along shoreline) (ft?/ft)

Cas- COC concentration in ambient (background) Sinclair Inlet seawater (ng/L)

Cgw - dissolved concentration of COC in groundwater that directly dischargeto theinlet (ng/L)

| - hydraulic gradient in groundwater discharge region (daily average, accounting for tidal effects) (ft/ft)
K - hydraulic conductivity of terrestrial fill in groundwater discharge region (ft/day)

L m - affected sediment length normal to shoreline (ft)

Ls- shoreline length (ft)

Ps - proportion of COC mass in discharging groundwater that fixes onto marine sediment (unitless)

q - specific discharge

R - reduction factor for flow restriction to the inlet by quay walls or interception by drydock dewatering (unitless)
Sd - sediment dry density (dry unit weight) (Ib/ft®)

SQS - SMS sediment quality standard (concentration) for COC (mg/kg)

Sr - sedimentation rate (infyr)

S, - initial sediment thickness (in)

SWS - marine surface water standard (concentration) for COC (my/L)

tf - timeto flush hypothetical inlet mixing volume, IMV (day)

W:\3131010109.024\Section 5\Section 5.wpd



Section 5.0
Revison No: 0

FINAL RI REPORT, BREMERTON NAVAL COMPLEX OU B
U.S. Navy CLEAN Contract

Engineering Field Activity, Northwest Date: 03/12/02
Contract No. N62474-89-D-9295 Page 5-74
CTO 0131
Table5-2
Model Input Parameter Values
Site 10W Sitel Site8 All Sites
West Central East 5% to 95% Range
Units Average or Expected Values 5% 95% CV
Hydraulic Parameters
Hydraulic Conductivity, K ft/day 38 38 38 0.74 147 3.49
[Hydraulic Gradient, i fH/ft 0.009 0.009 0.009 0.001 0.03 1.38
[Default Reduction Factor, R unitless 1.0 1.0 1.0 na na 0.00
(IR with Drydock Dewatering unitless 1.0 0.02 0.02 na na 0.00
||Discharge Area, Aq ot 21 21 21 1 35 0.35
[Flushing Time, tf days 0.03 0.03 0.03 0.001 0.11 2.47
Maximum Shoreline Length, Ls ft 2,100 3,300 3,450 na na 0.00
R values = 1.0 for no drydock dewatering
Sediment Parameters
Affected Sediment Length, Lm ft 266 266 266 10 999 247
Sediment Thickness, St in 3.94 3.94 3.94 na na 0.00
Sediment Density, Sd Ib/ft® 39 39 39 28 53 0.20
Sedimentation Rate, Sr in./yr 0.08 0.08 0.08 0.003 0.30 2.47
COC Proportion, Ps, for Inorganics unitless 0.053 0.053 0.053 0.0020 0.20 247
COC Proportion, Ps, for Organics unitless 1.00 1.00 1.00 1.00 1.00 0.00
Total Organic Carbon, TOC (for organic COCs)
Existing sediments percent 3.0 3.0 3.0 na na 0.00
Depositional sediments percent 1.4 14 1.4 na na 0.00
Dissolved Concentrations Maximum Measured Values
Inorganic COCs Maximum
Arsenic pg/L 10.9 5.9 7.35 10.9 0.00
Copper pg/L 20.4 48.2 6 48.2 0.00
Mercury pg/L 0.1 0.1 0.1 0.1 0.00
Lead ug/L 2.1 51.3 48 51.3 0.00
[zinc ug/L 54.8 296 153 296 0.00
Multiples of OUB Sitewide Average Concentrations
Arsenic unitless 4.7 25 3.2
Copper unitless 5.1 12.0 15
Mercury unitless 1.0 1.0 1.0
Lead unitless 3.0 72.6 6.8
Zinc unitless 1.8 9.5 4.9
OU B Sitewide Concentrations |
| atest Post-1993 Data w/NDs=DL /2 Avg Geomean Median N %NDs
Arsenic pg/L 2.32 0.98 1.00 58 45%
Copper ug/L 4.02 1.73 1.50 57 30%
Mercury ug/L 0.1 0.1 0.1 58 100%
Lead ug/L 0.71 0.48 0.25 58 90%
Zinc png/L 31.09 8.01 5.00 57 84%
Concentration Reductions, Pd unitless 1.00 1.00 1.00 1.00 1.00 0.00

Notes:

Total lead used for Site 1
Total zinc used for Site 8
DL/2 for mercury

Prob. Sr=0=0

CV = coefficient of variation
TOC from U.S. Navy 2000
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Table5-3

Chemical Mass Flux and L oading Estimates (Inorganic COCs)

No Drydock Dewatering (R=1)
Site 10W Sitel Site8 Site 10W Sitel Site8
West Central East West Central East
Units
Average or Expected Values 95% Nonexceedance Estimates
Sum 95% Probability Rate L ess Than Sum
Unit Groundwater Discharge Rates | ft*/day/ft 7.41 7.41 7.41 27.45 27.45 27.45
Tota Groundwater Discharge Rates cfs 0.18 0.28 0.30 0.76 0.67 1.05 1.10 2.81
MGD 0.12 0.18 0.19 0.49 0.43 0.68 0.71 1.82
Maximum Unit Flux 95% Probability Flux Less Than
Arsenic glyr/ft 0.83 0.45 0.56 3.09 1.67 2.09
Copper glyr/ft 1.56 3.69 0.46 5.79 13.68 1.70
Mercury glyr/ft 0.01 0.01 0.01 0.03 0.03 0.03
Lead glyr/ft 0.16 3.93 0.37 0.60 14.56 1.36
Zinc glyr/ft 4.20 22.67 11.72 15.55 83.98 4341
Maximum Values
Maximum L oads Sum
Arsenic kglyr 175 1.56 1.86 5.17
Copper kglyr 3.28 12.74 1.52 17.53
Mercury kglyr 0.02 0.03 0.03 0.07
Lead kglyr 0.34 13.56 121 15.11
Zinc kglyr 8.81 78.22 38.67 125.70
With Drydock Dewatering
Site 10W Sitel Site 8 Site 10W Sitel Site 8
West Central East West Central East
Reduction Factor R: 1.00 0.02 0.02 1.00 0.02 0.02
Units Average or Expected Values 95% Probability Rate L ess Than
Unit Groundwater Discharge Rates | ft¥/day/ft 7.41 0.15 0.15 Sum 27.45 0.55 0.55 Sum
Tota Groundwater Discharge Rates cfs 0.18 0.01 0.01 0.19 0.67 0.02 0.02 0.71
MGD 0.12 0.004 0.004 0.12 0.43 0.01 0.01 0.46
Maximum Unit Flux 95% Probability Flux Less Than
Arsenic glyr/ft 0.83 0.01 0.01 3.09 0.03 0.04
Copper glyr/ft 1.56 0.07 0.01 5.79 0.27 0.03
Mercury glyr/ft 0.01 0.0002 0.0002 0.03 0.001 0.001
Lead glyr/ft 0.16 0.08 0.01 0.60 0.29 0.03
Zinc glyr/ft 4.20 0.45 0.23 15.55 1.68 0.87
Maximum Values
Maximum L oads Sum
Arsenic kglyr 175 0.03 0.04 1.82
Copper kglyr 3.28 0.25 0.03 3.57
Mercury kglyr 0.02 0.001 0.001 0.02
[[Lead kglyr 0.34 0.27 0.02 0.63
|[zinc kglyr 8.81 1.56 0.77 11.15

Notes:
Maximum Load = Maximum Unit Flux x Maximum Shoreline Length
MGD = million gallons per day (1 cfs=0.65 MGD)
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Table5-4
Surface Water Mixing Lengthsto Achieve SWS (Inorganic COCs)
No Drydock Dewatering (R=1)
Site 10W Sitel Site 8 Site 10W Sitel Site 8
West Central East West Central East
Units
Average or Expected Values 95% Nonexceedance Estimates
95% Probability LengthsLess Than
Mixing Length to
IAchieve SWS
Arsenic ft 0.03 0.01 0.02 0.08 0.04 0.05
Copper* ft 0.07 0.16 0.02 0.21 0.49 0.06
Mercury ft 0.04 0.04 0.04 0.13 0.13 0.13
Lead ft 0.001 0.08 0.01 0.004 0.23 0.02
Zinc ft 0.01 0.04 0.02 0.02 0.12 0.06
With Drydock Dewatering
Reduction
Factor R: 1.00 0.02 0.02 1.00 0.02 0.02
Site 10W Sitel Site 8 Site 10W Sitel Site8
West Central East West Central East
Average or Expected Values 95% Nonexceedance Estimates
95% Probability LengthsLess Than
Mixing Length to
/Achieve SWS
Arsenic ft 0.03 0.0003 0.0003 0.08 0.001 0.001
Copper* ft 0.07 0.003 0.0004 0.21 0.010 0.001
Mercury ft 0.04 0.001 0.001 0.13 0.003 0.003
Lead ft 0.001 0.002 0.0001 0.004 0.005 0.000
Zinc ft 0.01 0.001 0.0004 0.02 0.002 0.001

*incremental length since ambient seawater concentration exceeds SWS for copper

Notes:
Estimates based on maximum unit fluxes, as presented in Table 5-3
Regulatory Criteria:

Marine surface water quality standards (SWS)

Arsenic from MTCA Method A

All others from Washington WAC 201A

Ambient
SWS Seawater
CoC (ng/L) (mg/L)
Arsenic 5.0 1.37
Copper 31 55
Mercury 0.025 0.0
Lead 8.1 1.25
Zinc 81 5.0
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Table5-5

Time Before Chemicalsin Marine Sediments Exceed SQS (Inorganic COCs)

Time (yr) Until Concentrationsin Upper 10 cm Exceed SQS
No Drydock Dewatering (R=1) All Estimates

Site 10W Site 1 Site 8 Site 10W Site 1 Site 8
West Central East West Central East
Units
Timefor Sedimentsto Reach SQS Average or Expected Values 95% Exceedance Estimates
95% Probability Time Exceeds
Arsenic yr Infinite Infinite Infinite >10,000 >10,000 >10,000
Copper yr Infinite Infinite Infinite >10,000 >10,000 >10,000
[Mercury yr Infinite Infinite Infinite >10,000 >10,000 >10,000
Lead yr Infinite Infinite Infinite >10,000 >10,000 >10,000
Zinc yr Infinite Infinite Infinite >10,000 >1,000 >5,000
Timefor Sedimentsto Reach SQS Probability TimeisInfinite
Arsenic 0.93 0.95 0.95
Copper 0.97 0.95 0.99
[Mercury 0.92 0.92 0.92
Lead 1.00 0.95 0.99
Zinc 0.94 0.85 0.90
Timeto Reach SQSfor Sr=0 Median Estimatesfor Sr=0
IAssumes No Sedimentation (included for sensitivity)
Arsenic yr 12,866 23,769 19,080
Copper yr 47,035 19,907 159,920
[Mercury yr 10,087 10,087 10,087
[ILead yr 527,210 | 21,582 230,654
[[zinc yr 18,407 3,408 6,593

Notes:
Estimates assume initially clean sediments and clean depositional sediments
Estimates based on maximum unit fluxes, as presented in Table 5-3
Regulatory Criteria (WAC 173-204):

Sediment Management Standards (SMS) SQS

mo/kg |
Arsenic 57
Copper 390
[IMercury 0.41
[ILead 450
[lzinc 410
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Table5-6
Stormwater Mass L oading Estimates
|| West Central East Sum
(kgiyr) | (kglyr) [ (kglyr) | (kglyr)

[lArsenic 2.12 5.90 4.29 12.31

[[Copper 123.94 167.90 134.81 426.65

[IMercury 0.46 0.18 0.16 0.79

[ILead 38.94 221.48 156.34 416.76

[[zinc 317.42 756.89 251.20 | 1,325.52

Data from Appendix RR, Table 5-6
Does not include drydock discharge
Does not include OU A or OU NSC (FISC)

Table 5-7
Comparison of Mass L oadings Ratios From Groundwater
Discharge and Stormwater Discharge

No Drydock Dewatering

West Central East Sum

Arsenic 0.83 0.26 0.43 0.42

Copper 0.03 0.08 0.01 0.04

Mercury 0.04 0.15 0.16 0.09

[ILead 0.01 0.06 0.01 0.04
[[zinc 0.03 0.10 0.15 0.09

With Drydock Dewatering

West Central East Sum

Arsenic 0.83 0.01 0.01 0.15

Copper 0.03 0.002 0.0002 0.01

Mercury 0.04 0.003 0.003 0.02

[ILead 0.01 0.001 0.0002 0.002
[[zinc 0.03 0.002 0.003 0.01

Ratios are based on maximum |loads
from Table 5-3 divided by stormwater
|load estimates from Table 5-6
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Table5-8

Comparison of VOCsand TPH Detected in OU B Soilsto Soil Cleanup Levelsfor
Groundwater Protection

MTCA Method A
Soil Cleanup
Level for Frequency Above
Freguency of | Max. Detect | Groundwater Groundwater
Quantity | Quantity Detections Value? Protection® Protection L evel®
Analyte Tested® | Detected? (per cent) (mg/kg) (mg/kg) (per cent)
Subsurface Soil
1,1,1-Trichloroethane 378 5 13 53 2 <1.3
BTEX (total) 378 50 13 1.99 --
Benzene 388 0 0 (al NDs) 0.03 0
Ethylbenzene 378 20 53 0.79 6 0
Tetrachloroethene 378 21 5.6 1.3 0.05 <5.6
Toluene 378 16 42 0.057 7 0
Trichloroethene 378 14 37 0.051 0.03 <37
Xylene (total) 378 47 12 15 9 0
TPH-Diesel Q0 58 64 2,100 10,0001 0f
TPH-Gasoline 80 8 10 24 100 0
Surface Soil
BTEX (total) 7 1 14 0.014 -
Benzene” 7 0 0 (al ND) 0.03 0
Ethylbenzene 7 1 14 0.002 6 0
Tetrachloroethene 7 2 29 0.003 0.05 0
Toluene 7 1 14 0.003 7 0
Xylene (total) 7 1 14 0.009 9 0
TPH-Diesel 4 3 75 55 10,000 o

%0U B soil sample data from Table 4-21, which includes chemicals detected only at OU B

°Cleanup levels from WAC 173-340, Table 740-1

“Basisto preclude further soil vapor pathway analysis

YBenzene data from Appendix M (all NDs)

“The maximum PCE soil concentration is at 28-30 feet bgs and isrelated to the PCE plume originating off site
‘Exclusion of soil vapor analysis for TPH-Diesel based on WAC 173-340-745(5)(b)(iii)(C)(11)

Note:
Cleanup level based on WA C 173-340-745(5)(b)(iii)(C) unless otherwise noted
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