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EXECUTIVE SUMMARY

This report summarizes the results of Phase II modeling activities conducted for the Portsmouth Naval

Shipyard (PNS) facility.  The work was implemented in accordance with the On-Shore/Off-Shore

Contaminant Fate and Transport Modeling Phase II Work Plan, dated August 1998.

PURPOSE, SCOPE, AND OBJECTIVES

The intent of this modeling effort is to evaluate continuing on-shore contaminant migration to off-shore

receptors.  To date, on-shore and off-shore investigations at Portsmouth Naval Shipyard (PNS) have

been conducted separately and need to be integrated.  The subject fate and transport analytical modeling

was conducted to link the on-shore and off-shore evaluation.  Phase I modeling efforts previously

conducted were not conclusive.  The major role of the Phase II modeling is to refine the results of the

Phase I modeling, using newly available data (low-flow groundwater data, porewater data, and

seep/sediment data).  The on-shore and off-shore feasibility studies will use the subject modeling report

in evaluating site impacts.  Modeling results will ultimately be used to support remedial decisions,

particularly whether or not a site requires remediation to protect the off-shore environment.

Three operable units (OUs), those with a known or suspected groundwater contamination, have been

selected for modeling.  The three OUs include OU2 (Site 6 - DRMO Salvage Yard; Site 29 - Incinerator

Site); OU3 (Site 8 - Jamaica Island Landfill [JILF] Site 9 - Mercury Burial Site I and II [MBI, MBII] and Site

11 - Former Waste Oil Tanks); and OU5 (Site 27 - Industrial Area at Berth 6).

The objectives of the Phase II modeling study are to link and interpret all available data, to evaluate

sensitivities of important factors, and to provide an additional tool to be used in making remedial

decisions.  The modeling uses simple and efficient analytical models to characterize sites that are

complex relative to contaminant fate and transport; therefore, the modeling design features conservative

input parameters, so a high level of confidence can be attained with respect to the conservative nature of

the model.

CONCEPTUAL MODEL DEVELOPMENT AND APPLICATION

The conceptual model development and application for Phase II modeling did not change from Phase I

modeling, as summarized in Section 2.0 herein.  To reiterate, site conceptual models combine the

important physical and chemical processes into simple and efficient processes that can be modeled to set

the upper bound on the expected off-shore maximum future contaminant levels.  The on-shore portion of

the site conceptual model considers processes necessary for estimating contaminant distributions and
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mass fluxes between on-shore contaminant sources and the shoreline.  For all operable units, the most

significant pathways, in terms of impacting the off-shore environment, include leachate generation from

source material to groundwater; groundwater transport directly to surface water; and groundwater

transport to sediment.  Off-shore receptors include both humans and biota.

The off-shore portion of the model considers processes necessary for estimating contaminant

concentrations in the surface water and sediment layer from on-shore contaminant discharge and tidal

mixing of groundwater with surface water.  Because the model is analytical, rather than a complex

numerical model, focus is on the intertidal and near-shore areas adjacent to each site, rather than the

main channel flow.

The on-shore and off-shore conceptual models are then integrated such that output values from the on-

shore model are considered in developing input values to the off-shore model.  Hydraulic connection (in

particular, tidal effects) and contaminant loading (via the groundwater pathway) are the two important

factors to be linked between the on-shore and off-shore model.

The development of analytical equations is necessary to represent the site conceptual models in

mathematical form.  For each site, equations address the on-shore conceptual model, the off-shore

conceptual model, and an integration of the two models.  Generally, the conceptual models are

represented by simple mathematical equations and modified slightly as necessary to incorporate site-

specific considerations.  Input values incorporate constituent- and site-specific information and, therefore,

can be used to estimate current and future contaminant conditions at a given site.

In summary, of the three operable units being modeled at the PNS, four source areas were identified for

separate consideration.  The four source areas are OU2, portion of OU3 discharging to the Jamaica Cove

portion of the Back Channel, portion of OU3 discharging to Clark Cove, and OU5.  The basic equations

developed for mixing with river currents in the Phase I Work Plan were followed.  However, for OU5

modeling (both Phase I and Phase II), the work plan equations reflected a modification.  Unlike the other

OUs, the OU5 shoreline consists of a berthing area with a seawall providing a vertical shoreline;

therefore, an intertidal mixing volume does not exist.  For the portion of OU3 discharging to Clark Cove,

the net velocity in and out of the cove is essentially zero; therefore, the near-shore mixing was modeled

as a semi-enclosed basin (both Phase I and Phase II).

CONTAMINANT OF CONCERN (COC) SELECTION

For the Phase II modeling, the source-area-specific Contaminants of Concern (COCs) originally selected as

part of the Phase I modeling tasks were re-evaluated and updated, as described in Section 4.0 herein.  The

re-evaluation of the COC list was based on new data available for the Phase II modeling (low-flow
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groundwater data and seep/sediment data). From the Phase I modeling, numerous metals were selected

as COCs for OU2, OU3, and OU5. Additionally, a few organics (polychlorinated biphenyls [PCBs]) were

identified as COCs at OU2, as well as carbon disulfide at OU2 and OU3, and phenanthrene and

benzo(a)pyrene at OU5.  In creating the Phase II COC list from the Phase I COC list, the only additional

chemical added was 4,4’-DDT, based on seep/sediment exceedances of surface water/sediment criteria; no

chemicals were deleted from the Phase I COC list.

BASELINE INPUT CONDITIONS

The Phase II modeling includes results from the “baseline” conditions, representing conservative input

values, as detailed in Section 5.1 herein.  For the baseline case, the assumption that steady state

groundwater concentrations have not yet been attained (unsteady state) is the most conservative, in which

predicted leachate concentrations (calculated from the maximum soil concentration and the soil partitioning

coefficient [kd]) are typically the basis of modeling input concentrations rather than actual groundwater

concentrations.  Furthermore, the soil partitioning coefficient values were conservatively chosen as the

lowest value between site-specific kds and literature values.  Unsteady state conditions assumed

groundwater concentrations may increase in the future because of leaching of contaminants from the soil.

Moreover, the soil and groundwater input concentrations are assumed to be 1 foot from the shoreline,

minimizing dilution effects.  The actual bulk of the contaminant mass is located much further from the

shoreline.

The model output estimates near-shore surface water and sediment concentrations for each COC at each

of the source areas.  The concentrations were calculated for the Phase II baseline case by the same

process conducted for the Phase I modeling.  The surface water and sediment are considered potential

receptor locations, and so predicted concentrations were compared with surface water and sediment criteria

and actual measured concentrations.  In addition, baseline porewater concentrations were also presented

and compared with actual measured concentrations.

One of the most sensitive input parameters to the model is the sediment/porewater partitioning coefficient

(sediment Kd). The sediment Kd will affect how the contaminant mass, predicted to be migrating to the

shoreline, is allocated between the surface water and the sediment in the model.  The sediment Kd has

opposite effects on the predicted surface water concentration and the predicted sediment concentration

(i.e., as the value of the sediment Kd increases, the predicted sediment concentration increases;

however, the predicted surface water concentration will decrease).  While it is believed that the estimation

procedure incorporated into the modeling task is a reasonable method of estimating the sediment Kd, it is

important to understand that the sediment Kd is still an uncertain parameter. The sediment Kd estimation

procedure is based on actual measurements taken in the field so that they are actual porewater

concentration and sediment concentrations, the ratio of which is the actual sediment Kd for that location,
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however, there are some limitations to this approach.  The sediment Kd estimation procedure is based on

the total concentration of a contaminant in the sediment and the total amount of contaminant in the

porewater.  This method does not account for the fraction of inorganic contaminants which may or may

not be present in the sediments as part of the natural soil matrix and therefore is not mobile under the

environmental conditions at the site.  Inclusion of non-mobile fraction of the inorganic constituent in the

estimation of the Kd value could over estimate the sediment Kd when modeling the migrating fraction and

therefore underestimate the mobility of the contaminant in the surface water.

BASELINE MODEL RESULTS

Surface Water:  For all four of the source areas, the predicted surface water concentrations were much

lower than both the surface water criteria and the relatively few available measured surface water

concentrations.  Detailed results are provided in Section 5.2.1 herein.  It should be noted that the measured

surface water concentrations are generally relatively low.  The modeling results suggest that the on-shore

migration of contamination to the off-shore surface water via groundwater discharge is not a significant

contributor of contamination to the surface water.  This result is particularly significant at OU5 where only

surface water is of concern because of the nature of the shoreline (seawall).

Porewater and Sediment:  For OU5, sediment concentrations were not calculated for Phase I or Phase II

because of the nature of the shoreline (seawall).  For the other three source areas, the predicted porewater

and sediment concentrations were significantly higher (generally 1 to 2 orders of magnitude) than the

measured concentrations.  Detailed results are provided in Section 5.3.1 herein.  In a comparison of

predicted concentrations among the source areas, the OU3 Clark Cove and Back Channel (Jamaica Cove)

source areas were similar, except for higher predicted results of mercury and 4,4’-DDT in the Back Channel

(Jamaica Cove).  The OU2 predicted concentrations of PCBs and lead were much higher than the two OU3

source areas; conversely, OU2 predicted concentrations of nickel and 4,4-DDT were much less.

In a general comparison of predicted concentrations with criteria established for the Phase I modeling,

organics do not appear to pose a significant sediment problem, with only PCBs (Aroclor 1254 and Aroclor

1260) at OU2 of possible concern.  The predicted inorganic sediment concentrations were generally 1 to 2

orders of magnitude higher than the sediment criteria.  Inorganic compounds of primary concern include

copper, lead, and mercury.  Additionally, nickel at both OU3 source areas and arsenic at the OU2 source

area are of potential concern because of relative exceedances of criteria.  Of note, according to

geochemical modeling results conducted by others, lead is not very mobile due to surface complexation

processes.

The predicted sediment concentration is directly related to the predicted porewater concentration by the

sediment Kd; therefore it is expected that high porewater predicted concentrations will result in
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proportionately high sediment concentrations.  For the baseline case, the predicted porewater

concentrations are higher than those measured because of the conservative input assumptions (i.e.,

unsteady state and the use of conservative soil Kds).  As a result, use of the low-flow groundwater

concentration, originally expected to lower the predicted inorganic concentrations based on the relatively

large drop in the input groundwater concentrations between the Phase I and Phase II modeling tasks, did

not have a significant impact on the baseline results.  The unsteady state assumption also explains why the

predicted baseline porewater and sediment concentrations are higher than the actual measured

concentrations.

Phase I and Phase II Results Comparison:  The Phase II baseline predicted sediment concentrations are

higher than the predicted sediment concentrations in the Phase I modeling report, primarily because of

higher sediment Kd values used in the Phase II modeling (Phase I modeling assumed that sediment Kds

were equal to soil Kds, for lack of data). The Phase II sediment Kds are thought to be more realistic

because they were based on site-specific measurements.  Because the sediment Kd reflects the partitioning

of the contamination between the sediment and the water phase, it is not unexpected that the predicted

surface water concentrations were much lower in the Phase II modeling than the Phase I modeling.

UNCERTAINTY ANALYSIS DESCRIPTION

For each of the four source areas, various other combinations of inputs (both more conservative and less

conservative that the baseline) were explored via uncertainty analyses. Additionally, the uncertainty

analyses were designed and conducted to evaluate the level of conservativeness of the baseline case.

Two approaches were conducted for each source area, including a deterministic uncertainty analysis and

a probabilistic uncertainty analysis.

A deterministic approach provided results from specific combinations of important model input parameter

values.  All input parameters, except for the return rate and soil/groundwater chemical concentration,

remained the same as in the conservative baseline case.  The conservative dilution factor used in the

baseline case (0.5) was varied to include less conservative values of 0.1 and a calculated value

corresponding with a near-shore mixing zone of 1/4 of the main channel width, where applicable. Two

scenarios were considered.  The first scenario considered the potential for the groundwater

concentrations to increase with time (unsteady state) and the second scenario considered the possibility

that groundwater concentration would not increase with time (steady state).  Each case for each scenario

also incorporated 2 sets of input concentrations based on (1) the measured maximum soil and

groundwater concentrations and (2) representative (95 percent upper confidence limit (UCL)) soil and

groundwater concentrations.
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A probabilistic approach featuring the Monte Carlo simulation technique provided results as a statistical

description of the possible ranges of output values.  Five parameters were varied: source area soil

concentrations, source area groundwater concentrations, soil partitioning factor, sediment partitioning

factor, and the dilution factor.  Relative sensitivities of each of the five parameters were also developed. A

large number of model simulations were conducted (3000 runs), each with a set of randomly generated

values for the five parameters, within an expected range of values based on site data and literature

values. Results of all the individual model simulations were then combined and statistically analyzed to

represent the probability of the actual conditions.

UNCERTAINTY ANALYSIS RESULTS

Probabilistic Uncertainty:  The probabilistic uncertainty analysis indicated that the Phase II model is

conservatively predicting the surface water and sediment concentrations with respect to the ranges of

possible input values.  For additional details, refer to Section 5.2.2.3 and 5.3.2.2 for surface water and

sediment, respectively.  The baseline case was generally higher than the 95% confidence level for surface

water and was between the median value and the 95% confidence value for sediment.  Note all the

probabilistic uncertainty analyses conservatively considers the possibility of the groundwater concentration

increasing in the future (unsteady state). The probabilistic uncertainty analysis also indicated which input

variables are relatively the most sensitive.  For both the predicted surface water concentration and the

predicted sediment concentration the most sensitive input values are the soil source concentration and the

sediment Kd value used.

Deterministic Uncertainty:  The deterministic uncertainty analysis indicates an approximate 2 order of

magnitude increase between predicted results of steady state and unsteady state.  For additional details,

refer to Sections 5.2.2.2 and 5.3.2.1 for surface water and sediment, respectively.  Of the 12 deterministic

modeling runs for each source area, the steady state cases most closely match the current conditions at

PNS and are most appropriate for comparison to current actual measured sediment data.  In fact, the

predicted steady state concentrations and the actual measured sediment concentrations match relatively

well.   The conservativeness of the model, then, is actually a reflection of the conservativeness of the

baseline input parameters.  Furthermore, the steady state case indicates the model can reasonably predict

sediment concentrations.  Also, for the steady state cases, the predicted sediment concentrations are

generally the same order of magnitude as the sediment criteria used for modeling purposes.

USE OF THE MODELING RESULTS

The ultimate purpose of the Phase I/Phase II modeling study is to support the upcoming on-shore and off-

shore feasibility studies (FSs) at PNS by attempting to conservatively predict the potential impacts to the

off-shore environment (i.e., surface water and sediment).  This modeling study is only one component to
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be used in determining the most appropriate remedial action, if any, at each of the four source areas

modeled.   Monitoring data, site history, current on-shore and off-shore impacts will all be considered in

the FSs.  None of these factors alone are likely to be sufficient to support a remedial decision; however, if

all indicators point toward a similar conclusion, the future remedial decision can be supported with more

confidence.

At this time, the Navy intends to continue offshore monitoring of sediments at PNS as part of the Interim

Record of Decision for Operable Unit 4 (Navy, 1999).  For more recently discovered sites (such as Site 32

Topeka Pier) or for any future sites, modeling plans will be evaluated on a site-specific basis.

SUMMARY

The modeling results for all four source areas indicate that, regardless of steady state or unsteady state

input parameters, surface water presently is not being significantly impacted by on-shore sources of

contamination.  For sediment, OU5 modeling was not necessary, because of the nature of the shoreline

(seawall).  For the other three source areas, using unsteady state input parameters, the modeling

indicates that sediment may be impacted due to on-shore migration of contamination via groundwater at

OU2, and both source areas at OU3; this conclusion may be overly conservative based on the nature of

the model inputs.  For sediment, using steady state input parameters, impacts generally do not appear to

be high level, when compared with sediment criteria used for modeling purposes.

The modeling is an innovative process in itself.  In working through and documenting the process, as well

as gaining regulatory concurrence, the model can be used to assist in determining the remedial decisions

for on-shore and off-shore areas.  The Phase I modeling suggests which of the COCs are site-related,

versus which COCs may be originating from a non-PNS-related source, as described in the Phase I

modeling report (B&R Environmental, 1997c (Phase II Work Plan, TtNUS, 1998 [Appendix A]) and refined

for the Phase II modeling effort).  Note that a final decision regarding whether or not COCs are in fact site

related will be made through the Feasibility Study/Proposed Plan/Record of Decision process.
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1.0  INTRODUCTION

The work performed by Tetra Tech NUS, Inc. (TtNUS) for the U.S. Department of the Navy (Navy) under

the Comprehensive Long-term Environmental Action Navy (CLEAN), Contract Number N62472-90-D-

1298, Contract Task Order (CTO) 0166, consists of analytical modeling of surface water and groundwater

for Portsmouth Naval Shipyard (PNS), located in Kittery, Maine.  Brown & Root Inc.’s environmental

business unit (Brown & Root Environmental [B&RE] was purchased on January 1, 1998 and became

TtNUS.  Therefore, references to B&RE throughout this report have been changed to TtNUS.

1.1 PURPOSE AND SCOPE OF REPORT

The intent of this work is to evaluate continuing, on-shore, contaminant migration to adjacent marine

environment.  The results will be used as supporting information for the development and evaluation of

remedial alternatives as part of the Feasibility Study (FS) process.  The modeling conducted for PNS is

only intended to assist in the decision-making process at PNS and is not intended to provide the sole

source of information into the remedial decision process at PNS. This Phase II modeling effort is only one

piece of an integrated approach in the remedial decision process that includes but is not limited to on-

shore and off-shore monitoring, risk assessment, geochemical modeling, and community involvement.  It

is recognized that any modeling study cannot be a complete substitute for direct field measurements.

Both the Phase I and Phase II modeling feature the use of simple and efficient analytical models; the

models focus on identifying the contaminants of concern (COCs) and providing a conservative estimation

of baseline impacts to the near-shore receptor locations.  The modeling results, combined with the

analytical sampling results at the receptor locations, will be used in the FS to develop the final estimation

of baseline impacts.

The purpose of this modeling study is to provide a quantitative screening evaluation of the general

conditions at the several source potential areas at PNS.  The Phase I and Phase II on-shore/off-shore

modeling study at the PNS was conducted to conservatively screen the potential COCs and to provide

information for prioritizing potential needs of on-shore remedial actions in the various contaminant source

areas evaluated.  To achieve this, conservative assumptions and simplifications regarding the complex

physical and chemical processes were necessary.  As a screening model, decisions were made in the

early stages of the Phase I modeling study to prefer the model's efficiency and conservativeness instead

of absolute accuracy.  It is also important to point out that the uncertainties regarding model accuracy and

conservativeness are different and need to be separately evaluated.  Most frequently (and maybe

surprisingly), modeling tasks are conducted to provide conservative but not necessarily accurate

estimates because the data available can only support the claims of conservativeness but not accuracy.
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A reasonable level of conservativeness is the main requirement for a screening modeling study such as

the Phase I and Phase II studies.  If higher accuracy of model predictions were also required and

appropriate data were available (which is not the case for this model study), model calibration and

validation could also be conducted to lower the level of uncertainties.

The selection of appropriate site remedies for PNS requires an integration of on-shore and off-shore

investigations.  Because on-shore and off-shore remedial investigations at PNS have been conducted

separately, multimedia contaminant fate and transport analytical modeling have been used to integrate

these separate investigations.  Phase I of the on-shore/off-shore contaminant fate and transport modeling

was not conclusive.  Based on the results of the Draft Phase I modeling and the comments/responses to

the Draft Phase I modeling, Phase II modeling was recommended to incorporate additional data, an

improved understanding of trends, and an improved understanding of contaminant migration.  The major

role of the Phase II modeling study is to refine the results of the Phase I modeling.

The work plan for Phase II on-shore/off-shore contaminant fate and transport modeling (TtNUS, 1998)

provides a discussion of the modeling approach used for Phase II work.  The Phase II modeling approach

was similar in nature to the Phase I modeling approach with some modifications and refinements based

on the results of the Phase I modeling and discussion among the Navy, the U.S. Environmental

Protection Agency (U.S. EPA), Maine Department of Environmental Protection (MEDEP), and the

Restoration Advisory Board (RAB).  The Phase II modeling work plan presented the planned

modifications and refinements to the Phase I modeling approach.  Details of the Phase I modeling

approach are provided in the On-shore/Off-shore Contaminant Fate and Transport Modeling Phase I

Work Plan (B&R Environmental, 1996) and the On-shore/Off-shore Contaminant Fate and Transport

Modeling Phase I Report (B&R Environmental, 1997c) (including comments/responses to the report).

This Phase II modeling report focuses on the model input parameters, model results, and interpretation of

these results.

As in the Phase I modeling, groundwater and surface water contamination in three specific operable units

(OUs) at PNS have been selected for Phase II modeling.  The three OUs include OU2 (Site 6 – Defense

Reutilization and Marketing Office (DRMO) Salvage Yard and Site 29 - Incinerator Site); OU3 (Site 8 -

Jamaica Island Landfill [JILF], Site 9 - Mercury Burial Sites I and II [MBI and MBII], and Site 11 - Former

Waste Oil Tanks); and OU5 (Site 27 - Industrial Area at Berth 6).  These three OUs were identified as

having contaminants of concern (COCs) from site-related chemicals in the groundwater.  Other sites that

may have the potential for groundwater contamination, such as the Topeka Pier site currently under

investigation, may undergo modeling in the future.  The analytical model simulated current conditions at

PNS and estimated the future impacts to the near-shore chemistry from existing on-shore sources of

contamination (i.e., estimate potential future sediment and surface water concentrations).  In addition,
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reasonable potential impacts were also evaluated through the analysis of the uncertainty of modeling

parameters.

1.2 REPORT ORGANIZATION

This modeling report has been divided into five sections.  This section provides an introduction.  Section

2.0 provides a summary of the results of the Phase I modeling.  Section 3.0 provides a discussion of the

modeling objectives and modeling strategy to be used for Phase II modeling.  Section 4.0 discusses the

contaminants of concern incorporated in the Phase II modeling.  Section 5.0 provides the model input

parameters, and results.  Section 6.0 provides conclusions and recommendations.
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2.0 SUMMARY OF PHASE I ON-SHORE/OFF-SHORE CONTAMINANT 
FATE AND TRANSPORT MODELING 

The results of the Phase I contaminant fate and transport modeling activities for PNS are presented in the 

On-shore/Off-shore Contaminant Fate and Transport Modeling Phase I Report (B&R Environmental, 

1997c) (including responses to U.S. EPA, MEDEP, and Seacoast Anti-Pollution League [SAPL] 

comments). The work was implemented in accordance with the On-Shore/Off-Shore Contaminant Fate 

and Transport Modeling Phase I Work Plan (B&R Environmental, 1996). The following sections provide a 

summary of the Phase I modeling approach and results. 

2.1 PURPOSE AND OBJECTIVES 

The Phase I modeling was performed for PNS of OU2, OU3, and OU5 to evaluate continuing on-shore 

contaminant migration to off-shore areas. The objectives of the Phase I modeling were to link and 

interpret all available data, to identify potential data gaps, to evaluate uncertainties of important factors, 

and to provide an additional tool to support the FS in making remedial decisions. Phase I modeling 

featured the use of simple and efficient analytical models to characterize complex sites relative to 

contaminant fate and transport; therefore, the Phase I modeling was designed to be conservative. 

2.2 IDENTIFICATION OF CONTAMINANTS OF CONCERN 

As part of the Phase I modeling, an initial list of COCs was established for each source area to be 

modeled. The list of COCs for each OU is provided in Table 2-l. The list became the starting point of 

subsequent model evaluations. The list was developed in a three-step screening process. First, on-shore 

contaminant maximum positive detections for groundwater, as well as calculated maximum leachate 

concentrations for soil, were directly compared with established off-shore surface water screening criteria 

(both U.S. EPA and MEDEP criteria considered). Second, the potential mobility and degradation of the 

resulting list of contaminants were then evaluated and the chemicals most likely to adversely affect the 

off-shore areas were carried forward to the next step in screening. Some chemicals that did not have 

mobility information were also carried forward. In the third step, an evaluation was conducted based on 

frequency of detection (i.e., detected in greater than approximately 10 percent of the samples) in both 

groundwater and soils. Known off-shore COCs from previous studies, based on either ecological or 

human health risk assessment, were given special consideration. Specifically, if these known off-shore 

COCs could be attributed to the given on-shore source area by evaluating frequency of detection in both 

groundwater and soils, these previously determined COCs were also automatically considered potential 

cots. 

2-l CT0 0166 
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TABLE 2-l 

LISTING OF PHASE I MODELING COCs FOR OU2,OU3, AND OU5 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

cots ou2 ou3 ou5 

Metals 

Aluminum X X X 

Antimony X 

Arsenic I x I x I x I 
Cadmium X X 

Chromium X X X 

Copper X X X 

I I ron I x I 
( Lead 

Manganese 
I x I 

h ercurv X I x I 
Nickel 

Selenium 

X X X 

X 

I Silver I x I x I 
Tin 

Zinc 

PesticideslPCBs 

X X 

X X X 

I Aroclor-1254 X 

1 Aroclor-1260 X 

Volatile Organics 

Carbon Disulfide 

Semivolatile Organics 

Phenanthrene 

Benzo(a)pyrene 

X X 

X 

X 
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2.3 CONCEPTUAL MODEL DEVELOPMENT AND APPLICATION 

Site conceptual model development considers all the important physical, chemical, and biological 

processes related to contaminant fate and transport. For the Phase I modeling for PNS, development of 

the on-shore portion of the site conceptual model considered the processes necessary ,for estimating 

contaminant distributions and mass fluxes between on-shore contaminant sources and the shoreline. For 

all OUs, the most significant migration pathways for the modeling in terms of impacting the offshore 

environment included leachate generation from source material to groundwater; groundwater transport 

directly to surface water; and groundwater transport to sediment. Note, the modeling considered 

contaminant fate and transport from on shore to off shore, but was not intended to be used as a human 

health or ecological risk assessment. The modeling compares results against established criteria; it does 

not calculate the risks. It is assumed for modeling purposes that the acceptable/unacceptable 

benchmarks are the established criteria (i.e., Ambient Water Quality Criteria [AWQC]) and not a specific 

risk level. 

Development of the off-shore portion of the model considered processes necessary for estimating 

contaminant concentrations in the surface water and sediment layer from on-shore contaminant discharge 

and tidal mixing. Because the Phase I effort was an analytical model, rather than a complex numerical 

model, the focus was on the intertidal and near-shore areas adjacent to each site, rather than the main 

channel flow. 

The on-shore and off-shore conceptual models were then integrated such that output values from the on- 

shore model were considered in developing input values to the off-shore model. The two important 

factors linking the on-shore and off-shore models were contaminant loading and hydraulic connection, 

taking into account tidal effects. 

The development of analytical equations was necessary to represent the site conceptual models in 

mathematical form. A summary of the basic on-shore analytical equations and the definitions of the 

parameters used in these equations are provided in Figure 2-l and Table 2-2, respectively. A summary of 

the basic off-shore analytical equations and the definitions of the parameters used in these equations are 

provided in Figure 2-2 and Table 2-3, respectively. (See the Phase I modeling report and work plan for a 

complete explanation and derivation of the equations.) For each site, equations addressed the on-shore 
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FIGURE 2-1 

BASIC ON-SHORE ANALYTICAL EQUATIONS 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 
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VadoseZone 

cg.w. = A*I*C I (water table) * e-~ t2 
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t, = 
D*R,*n 

V g.w. 

V,,, = k*i (Darcy’s Law) and Water Budget 
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TABLE 2-2 

DEFINITIONS OF ON-SHORE MODEL PARAMETERS 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

A 

CS 
C leach(sourw) 
C leach(waler table) 

C g.w.(source) 

C g.w.(shoreline) 

D 

H 

I 

I 

k 

&soil) 

M* 

n 

Q g.w. 

Q g.w.m. 

Rd 

T 0.5 

t1 

t2 

V g.w. 

V” 

V “C 

w 

Pb 

h 

Surface area of contaminant source 

Solid-phase contaminant source concentration 

Liquid-phase contaminant source concentration 

Leachate concentration at water table (= Cleati (sOurcej *e-l”) 

Groundwater concentration under contaminant source 

Groundwater concentration at shoreline (= C,,,, (sOurcej *emhQ) 

Groundwater travel distance from source to surface water discharge point (shoreline) 

Unsaturated soil thickness under contaminant source 

Surface infiltration rate 

Average groundwater hydraulic gradient 

Aquifer hydraulic conductivity 

Soil/Water partition coefficient 

Groundwater mixing zone thickness 

Effective porosity (saturated zone)/Saturated effective porous space (vadose zone) 

Net groundwater flow rate 

Groundwater flow rate in the mixing depth (= v,,*Md*W) 

Retardation factor 

Decay half-life 

Contaminant travel time through vadose zone 

Contaminant travel time through saturated zone 

Long-term groundwater flow velocity 

Vertical seepage velocity of water (= I/n) 

Vertical contaminant velocity ( = vJRd) 

Width of source area 

Dry-bulk density of soil 

Decay rate 
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FIGURE 2-2 

BASIC OFF-SHORE ANALYTICAL EQUATIONS 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 
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TABLE 2-3 

DEFINITIONS OF OFF-SHORE MODEL PARAMETERS 
PORTSMOUTH NAVY SHIPYARD, KITTERY, MAINE 

A near 

ci 

ci 

C g.w.(shoreline) 

C near 

C p.w. 

C sed 

Df 

Kd(sed) 

Q g-w. 

Q” 

Q S.W. 

R d(sed) 

S Q.W. 

S p-w. 

S S.W. 

vi 

V “ear 

VT 

VB 

Cross-sectional area of near-shore mixing zone at low tide 

Concentration in initial intertidal volume’ 

Steady-state concentration in intertidal volume 

Groundwater concentration at surface water discharge point 

Concentration in near-shore mixing volume 

Porewater concentration in sediment layer 

Sediment concentration 

Tidal return rate 

Sediment/water partition coefficient 

Net groundwater discharge rate 

Non-tidal current flow rate 

Seawater flow rate into sediment layer 

Retardation factor for sediment 

Groundwater salinity 

Porewater salinity 

Seawater salinity 

Intertidal water volume 

Non-tidal or net flow velocity through near-shore mixing zone 

Tidal prism (volume of water between mean high-tide and mean low-tide elevations) 

in near-shore mixing zone 

Volume of water in near-shore mixing zone beneath mean low-tide elevation 
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conceptual model, the off-shore conceptual model, and an integration of the two models. Generally, the 

conceptual models were represented by simple mathematical equations and modified slightly as 

necessary to incorporate site-specific considerations. Input values incorporated constituent- and site- 

specific information and, therefore, could be used to estimate current and future contaminant conditions at 

a given site. 

In summary, for the three OUs modeled at PNS, four source areas were identified for separate 

consideration: OU2, the portion of OU3 discharging to the Back Channel, the portion of OU3 discharging 

to Clark Cove, and OU5. Refer to Appendix E for maps depicting the four source areas. For OU2 and the 

portion of OU3 discharging to the Back Channel, the basic equations developed for mixing with river 

currents in the Phase I Modeling Work Plan (B&R Environmental, 1996) were followed. However, for 

OU5, the equations for mixing with river currents required modification to reflect site conditions. At OU5, 

the shoreline consists of a berthing area, with a seawall providing a vertical shoreline; as a result, an 

intertidal mixing volume does not exist (i.e., there is no horizontal distance between low tide and high 

tide). For the portion of OU3 discharging to Clark Cove, the concept of a near-shore, non-tidal (or net) 

current does not apply because the net velocity in and out of the cove is essentially zero. Therefore, the 

near-shore mixing was modeled as a semi-enclosed basin, in accordance with the Phase I Modeling Work 

Plan. 

2.4 BASELINE RESULTS AND CONCLUSIONS 

The model results are for the baseline set of input parameters (baseline case). The baseline set of 

parameters for each source area included conservative input values based on available information. The 

associated model output provided estimated surface water and sediment concentrations for each COC at 

each of the four source areas. These results were then compared with established surface water and 

sediment screening criteria. The results indicated, except for OU5, the baseline conditions for the on- 

shore source areas are potentially elevating COC concentrations in the off-shore surface water to 

unacceptable levels established for the Phase I modeling. For OU5, there were no exceedances of 

surface water screening criteria, even though the baseline conditions were conservative. The baseline 

conditions for OU2 and OU3 also indicated a potential adverse impact to off-shore sediment at 

unacceptable levels. However, there is a great amount of uncertainty in interpreting estimated sediment 

concentrations because of the uncertainty in the estimated sediment partitioning coefficient. Therefore, 

the conclusions from the Phase I modeling were considered tentative and thus required Phase II modeling 

to refine. The conclusions presented in the Phase I report were as follows: lead at the OU2 source area 

and lead, copper, and zinc at the OU3 Clark Cove source area exceeded sediment screening criteria. 
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There were no exceedances of sediment screening criteria for the OU3 Back Channel source area. 

Sediment concentrations were not estimated for OU5 because of the nature of the shoreline at OU5. 

For each of the four source areas, an uncertainty analysis was designed and conducted to evaluate the 

level of conservativeness of the baseline case. Two approaches were used for each source area. First, a 

deterministic approach provided results from specific combinations of important model input parameter 

values. All input parameters, except for the return rate and soil/groundwater chemical concentration, 

remained the same as in the conservative baseline case. The conservative return rate used in the 

baseline case (0.5) was varied to include less conservative values of 0.1 and the value corresponding to a 

near-shore mixing zone of one-fourth of the main channel width, where applicable. Two scenarios were 

considered. The first scenario considered the potential for the groundwater concentrations to increase 

with time (unsteady state). Each case under the first scenario incorporated two sets of input 

concentrations based on (1) the maximum soil and groundwater sampling data and (2) representative soil 

and groundwater concentrations (95 percent upper confidence limit [UCL] of the mean). The second 

scenario assumed the existing groundwater concentrations had reached steady state and would not 

increase with time. Only the groundwater concentrations were considered in each case under the second 

scenario. The baseline case considered the potential for groundwater concentrations to increase. The 

baseline case also considered 95 percent UCL soil and groundwater concentrations. 

Second, the probabilistic approach provided results as a statistical description of the possible ranges of 

output values. Five parameters were varied: soil concentration in the source area, groundwater 

concentration in the source area, soil partitioning factor, sediment partitioning factor, and the dilution 

factor. A statistical method (i.e., a Monte Carlo simulation) was used to calculate possible ranges of near- 

shore surface water concentrations of chemicals while considering the five major parameters concurrently 

in the calculations. Possible ranges for each of the five parameters were selected based on available 

information. Then, randomly generated input parameter values that fell within the possible ranges were 

selected and the surface water concentration predicted with the random input values. Subsequently as 

part of the Monte Carlo simulation, numerous (3,000) possible combinations for these five parameters 

were created, and a surface water concentration was predicted based on each possible combination. 

The level of conservativeness of the baseline case was quantified using relative comparisons of the 

baseline case results with results from the two uncertainty analysis approaches. With each uncertainty 

analysis approach, the baseline case was shown to be conservative. The baseline case was usually the 

worst case or close to the worst case for the deterministic approach. Likewise, in many instances with 

respect to the probabilistic approach, the baseline case results might not even be realistic (i.e., when 

baseline case results exceeded the maximum concentrations from Monte Carlo simulations). 
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2.5 CONCLUSIONS OF THE PHASE I MODELING 

Phase I modeling demonstrated the conservativeness of the featured baseline conditions. Therefore, the 

elimination of those COCs for which the estimated concentration did not exceed surface water and 

sediment screening criteria was considered valid for modeling purposes. The objective of the modeling 

was to provide conservative results that represent an upper bound on the potential off-shore contaminant 

concentrations. For OU5, the Phase I modeling demonstrated that contaminant migration to the off shore 

is not likely to be a migration pathway of concern. 

The Phase I modeling study developed a complete and readily adaptable modeling framework for PNS 

sites. This modeling approach used many well-accepted equations and has been considered to be a 

reliable and efficient process in itself. In working through and documenting the process, as well as 

gaining regulatory concurrence, it was determined that the model could be readily used in the future to 

incorporate refined input values, to address new data at existing sites, and to evaluate new sites. Also, 

for those sites where monitoring is selected as part of the remedy, the modeling results could be used to 

aid in developing monitoring requirements (analytes) for inclusion in on-shore monitoring of 

groundwater/seeps and off-shore monitoring of sediment/biota. Of note, the Phase I modeling also 

suggested which of the COCs are site-related, versus which COCs may be originating from a non-PNS- 

related source. As part of the Phase I modeling, it was determined, in general, the site-related COCs are 

the on-shore COCs retained as initial COCs because of both exceedance of surface water criteria in the 

first step of the screening, as well as high contaminant mobility evaluated in the second step. Any of the 

off-shore Human Health or Ecological COCs added in the third step of the screening process that were 

not retained based on the first or second step of the screening were considered contaminants to be 

originating from a different source. Specifically, any off-shore COCs that have not been detected on 

shore may be from a different source. 

Based on Phase I modeling results, OU5 was not considered a present source of heavy metal 

contamination to the sediments. This metal contamination in the sediments may be a result of past 

releases from OU5; or the result of sediment transport by tidal currents from other past or present PNS 

sources, from the upper estuary, or from other areas of the estuary, as well as from sediment deposition 

in areas immediately off shore of OU5 because of much weaker currents. 

2.6 REMAINING QUESTIONS, MAJOR DATA GAPS, AND THE NEED FOR PHASE II 
MODELING 

Questions remaining from the Phase I modeling study included the following: 
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l Are there any geochemical conditions that might facilitate faster contaminant movements? 

l What are the major/critical receptors and exposure scenarios? 

l Have groundwater, surface water, and sediment concentrations at various locations reached the 

location- and media-specific maximum levels yet? 

l Was the Phase I Modeling too conservative, resulting in unrealistic exceedances of off-shore surface 

water and sediment criteria? 

Although the above-listed questions were not answered via Phase I modeling, very conservative 

assumptions were purposely made regarding these unanswered questions for the baseline case in the 

Phase I modeling study. To reiterate, the sediment partitioning (KJ coefficient was assumed to be 0 liters 

per kilogram (L/kg) (i.e., no retardation) when calculating the contaminant mass loading rate from 

groundwater to surface water. The most conservative tidal return rate (i.e., a D, value of 0.5) was 

assumed in the baseline case to calculate surface water concentrations. Some freshwater exposure 

criteria were also used when no saltwater criteria could be identified (e.g., iron and aluminum). The 

source groundwater concentrations were assumed to be increasing (i.e., unsteady state) when the 

calculated groundwater concentrations, based on potential soil leachate concentrations, exceeded the 

currently measured maximum groundwater concentrations. These conservative assumptions resulted in 

extremely conservative estimates of the surface water contaminant concentrations because of continuous 

loading from on-shore contaminant sources. 

Important data gaps existed upon completion of Phase I modeling and need to be filled by results of other 

ongoing studies at the PNS before these remaining questions could be sufficiently answered. The first 

question can be answered by direct pore water/sediment sampling results. Analytical data from 

seep/sediment field sampling was conducted in December 1996 and April 1997; however, the analytical 

data became available in Phase II modeling. The answer to the second question will directly determine 

the selection of the exposure criteria and indirectly affect the selection of the near-shore mixing zone size. 

The second question will be addressed in the FS, using information from the Off-Shore Human Health 

Risk Assessment (HHRA) (McLaren/Hart, 1994) and the Estuarine Ecological Risk Assessment (EERA) 

(NCCOSC, 1995) nearing finalization. The third question cannot be answered by modeling alone. It 

must be answered with sufficient data using appropriate/consistent sampling techniques (e.g., low-flow 

groundwater sampling). Although multiple sampling rounds have been conducted for each of the media, 
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the historical monitoring data do not cover a sufficiently long-time frame to demonstrate clear trends of 

contaminant concentrations. The fourth question can be answered by conducting an uncertainty analysis 

and by comparing predicted task results with measured data; this is repeated for Phase II modeling. 

For source areas in which the baseline estimates of surface water and sediment concentrations were less 

than off-shore criteria, a very conservative model was acceptable and the result was considered 

appropriate. However, for source areas where the baseline estimates exceeded the off-shore criteria, it 

was unknown whether the exceedance was realistic or a result of overly conservative assumptions in the 

model. In this case, Phase II modeling, using more realistic assumptions, was conducted to assess the 

potential for elevated COC concentrations in the off-shore areas from on-shore source areas. Therefore, 

based on the baseline results of the Phase I modeling study, OU2 and OU3 had exceedances of off-shore 

criteria and required Phase II modeling to refine the results. OU5 did not have exceedances of off-shore 

criteria, and therefore the conclusions for OU5 were considered valid. However, to refine the 

conservativeness of the results of OU5 modeling, OU5 was evaluated as part of the Phase II modeling. 
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3.0 PHASE II MODELING STRATEGY 

The discussion of the Phase II modeling strategy is discussed in three subsections including model 

approach, model limitations, and conclusions of the geochemical modeling. The last section provides a 

brief summary of the objectives and conclusions of the geochemical modeling prepared for the MEDEP. 

The geochemical modeling was performed in parallel to this modeling task and was intended to evaluate 

some of the simplifications in the Phase I (and consequently, the Phase II modeling) performed for the 

Navy. 

3.1 PHASE II MODELING APPROACH 

The Phase II modeling for PNS was similar in nature to the Phase I modeling approach with some minor 

modifications and refinements. The Phase II modeling approach was presented in greater detail in the 

Phase II work plan (TtNUS, 1998); however, the Phase II work plan heavily referenced the Draft Phase I 

modeling report (B&R Environmental, 1997c). 

In general, the Phase II modeling differs from Phase I modeling mainly in the incorporation of the low-flow 

groundwater and seep/sediment sampling results from December 1996 and April 1997 (B&R 

Environmental, 1997a and 1997b). These data were not available for inclusion in the Phase I modeling 

effort. No major changes in the model equations were required for the Phase II modeling study. The Iow- 

flow groundwater and seep/sediment sampling results were used to refine the source groundwater 

concentrations and the sediment partitioning coefficient (&(& in the sediment layer. The input 

parameters that changed from the Phase I modeling effort to the Phase II modeling effort are discussed in 

greater detail in Section 5.1. 

The Phase II modeling (like the Phase I modeling) was conducted through two discrete steps; 1) the 

calculation of a baseline case that was based on conservative assumptions for most input parameters, 

and 2) the performance of an uncertainty analysis that incorporated the likely range of input to determine 

how conservative the baseline case was and to determine which input parameters have the greatest 

effects on the output of the model. Because the baseline case may still include some overly conservative 

assumptions, the results of a uncertainty analysis of key modeling parameters were also used to evaluate 

the results of the Phase II modeling. The baseline and uncertainty analysis results are discussed in 

Section 5.0. 

3-1 CT0 0166 



Rev. 1 
07199 

Note that facilitated transport by suspended solids in the groundwater (i.e., the transport mechanism of 

chemicals being transported through the groundwater in the solid phase bond to very fine soil particles 

moving with the groundwater [colloidal transport]) has been evaluated as unnecessary for inclusion in the’ 

Phase II modeling. The low-flow sampling data were used for this evaluation. Ten percent of the wells 

sampled during the December 1996 and April 1997 low-flow sampling rounds were analyzed as both 

filtered and unfiltered groundwater samples. If the groundwater concentrations from the filtered and 

unfiltered low-flow samples were similar, very little suspended solids exist in the groundwater and 

facilitated transport is not significant. A comparison of the filtered and unfiltered data from ,,low-flow 

samples for PNS indicated comparable concentrations between filtered and unfiltered samples. Table 3-1 

presents a summary of a statistical comparison between filtered and unfiltered low-flow groundwater 

sample results. Table 3-l is reproduced from the Draft Groundwater Monitoring Summary Report (B&R 

Environmental, 1998a), which discusses in greater detail the statistics used to develop Table 3-1. 

Detailed results for each metal are provided in Appendix G. Table 3-l indicates for the majority of metal 

constituents; the filtered and unfiltered results are statistically similar. These results suggest no 

significant mechanism of colloidal transport of suspended solids in the groundwater exists. Therefore, 

inclusion of facilitated transport in the Phase II modeling was not necessary and was not included. 

Source areas for PNS were modeled the same as in the Phase I modeling. OU2 and the portion of OU3 

discharging to the Back Channel were modeled based on mixing with river currents. The portion of OU3 

discharging to Clark Cove was modeled based on the near-shore mixing as a semi-enclosed basin. As 

was done in Phase I, OU5 was modeled using the equations modified to reflect that an intertidal mixing 

volume does not exist for OU5. In addition, because the groundwater-to-sediment contaminant transport 

pathway does not currently exist at OU5, sediment concentrations were not estimated for OU5 in the 

Phase II modeling. Although contaminated sediments have been identified directly off shore of OU5, 

based on Phase I modeling, the source of contamination in the sediment layer located directly off-shore of 

OU5 does not appear to be related to the current migration of chemicals from OU5 on-shore soil or 

groundwater. 

3.2 MODEL LIMITATIONS 

The contaminant fate and transport simplified model developed for PNS and discussed in the Phase I 

modeling report (B&R Environmental, 1997c) and this report includes several limitations. The model input 

parameters and equations were selected to produce conservative results to account for these 

simplifications. As has been stated in the development of the model, the migration of contaminants in the 

environment both on-shore and off-shore at PNS is very complicated. To develop a contaminant fate and 
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COMPARISON OF ROUND 7 THROUGH 10 TOTAL METALS RESULTS WITH DISSOLVED METALS REsULTS FOR 
GROUNDWATER SAMPLING AT THE SAME LOCATION DURING SAME ROUND 

PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

1 The percentage given as a result for the student t-Test is the chance that the two data sets (i.e., filtered and 
unfiltered) come from populations with the same mean. A value less than 5% indicates that the two data sets 
are statistically different (FAIL) while a value greater that 5% indicates that the two data sets are statistically 
similar (PASS). 
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transport model that could quickly evaluate several compounds at several sites at PNS, the complex 

physical and chemical processes that govern the migration of contaminants at PNS were simplified. 

The simplification of the model can be grouped into two broad categories: physical limitations and 

chemical limitations. The physical limitations involve the characterization of the movement of 

groundwater beneath PNS and the subsequent discharge and mixing with surface water. In reality, the 

movement of water within the PNS environment is very dynamic as tidal fluctuations influence flow of 

groundwater. The model presented in this report is based on the average groundwater flow that does not 

specifically model the day to day and hour to hour fluctuation of the groundwater table but does model the 

average condition. The model is therefore limited in that it can only simulate long-term conditions and is 

not able to predict groundwater flow on a day to day basis. Similarly, the mixing of groundwater with 

surface water fluctuates hourly and the model is limited to predicting average, long-term conditions. 

These limitations are consistent with the intended use of the model results (to assist in assessing the 

long-term impact of on-shore sources of contamination on the off-shore environment). As a conservative 

measure, then, the model considers mixing very near to the shore. 

Another physical limitation of the model is the representation of the contaminant source areas. The 

contaminant source areas are non-uniform areas with portions of the source area closer to the shoreline 

than other areas; however, the model has been simplified so that only one distance is incorporated into 

the model to simulate the travel length from the source area to the shoreline. This model limitation is 

accounted for by using very conservative input parameters into the model. For instance, the distance for 

a contaminant to travel from the source area to the shoreline is conservatively input as one foot; whereas, 

the actual source area may extend from the shoreline to hundreds of feet from the shoreline. Therefore, 

in reality, a large portion of the contaminants are actually located a significant distance from the shoreline 

(where it is possible for the contaminants to naturally attenuate before reaching the shoreline); but all of 

the contaminants are modeled as being one foot from the shoreline. 

The chemical transport of contaminants at PNS is very complicated because different species of chemical 

can be affected by the changing groundwater chemistry at PNS. For example, the mobility of a particular 

chemical could change as it migrates from a fresh groundwater portion of PNS to a zone of groundwater 

where the fresh water is mixing with the salt estuarine surface water. The Phase I and Phase II models 

developed for PNS did not attempt to simulate all of the complex geochemical conditions and processes 

occurring at PNS. Instead, the chemical mobility is based on the use of solid/water partitioning 

coefficients (Kds). The Kd values attempt to account for these geochemical processes in aggregate by 

assuming that the ratio between the solid phase and water concentrations is constant and in equilibrium. 

Although the model developed for PNS does not attempt to simulate all of the geochemical processes that 
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may be occurring, conservative Kd values were incorporated into the model which should ensure that the 

contaminant concentrations are not underestimated. To use the best estimate of the sediment Kd values 

in the modeling, the sediment Kd values were estimated from site measurements as discussed in the 

Phase II work plan and Section 5.1. 

3.3 VARIATIONS FROM THE WORKPLAN 

Generally, implementation of the modeling efforts for PNS complied with the On-shore/Off-shore 

Contaminant Fate and Transport Modeling Phase II Work Plan (TtNUS, 1998). One item of note is the 

revision to the calculation of site-specific sediment Kd that was presented in Appendix B of the Phase II 

work plan. The sediment Kd calculation in the work plan was based on the ratio of the measured 

sediment concentration to the measured seep concentration. The sediment Kd is the ratio of the 

concentration in the sediment to the concentration in the water in the sediment matrix. Using the ratio of 

sediment concentration to seep concentration is therefore an approximation of the ratio of sediment 

concentration to the porewater concentration. Seep water is nontidal water discharged from the edge of 

the onshore to the offshore as a preferential flow pathway. Porewater is the water in the pores of the 

sediment located in the intertidal areas. 

After the draft Phase II work plan (TtNUS, 1998) was issued, porewater sample data became available. 

As was discussed in Section 1.0 of Appendix B of the Phase II work plan, when these data became 

available, the sediment Kds would be recalculated and compared to the sediment Kd values proposed in 

the work plan. Originally it was anticipated that these data would not be available until after the 

completion of the Phase II modeling with and the Kd values calculated with the porewater concentrations 

would only be compared with the Kd values presented in the work plan. Since the pore water data were 

available before the Phase II modeling and should provide a better estimate of the sediment Kd, the 

sediment Kd values were recalculated based on porewater data and incorporated into the modeling. The 

calculation procedure was the same as presented in Appendix B of the Phase II work plan. Appendix A of 

this report presents the sediment Kd calculations based on the porewater data. 
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4.0 CONTAMINANTS OF CONCERN EVALUATION 

The COCs identified in the Phase I modeling were used for the initial list of COCs for the Phase II 

modeling. Phase I COCs for each OU are presented in Table 2-1. However, because the Phase II 

modeling used low-flow groundwater data and seep/sediment data from Round 7 (December 1996) and 

Round 8 (April 1997) field sampling events at PNS (B&R Environmental, 1997a,b and 1997d,e), 

evaluation of these data was conducted to determine whether additional COCs should be added to the 

Phase I list of COCs. 

The evaluation and identification of additional COCs was provided in detail in Appendix A of the Phase II 

modeling work plan (TtNUS, 1998). Table 4-l provides the list of Phase II COCs that were presented in 

the Phase II work plan. This task was conducted as part of the Phase II work plan effort to ensure Kd 

development for any new COCs. This section summarizes the method and rationale for selection of the 

Phase II COCs. 

4.1 COMPARISON OF PHASE I AND PHASE II SOURCE AREA DATA 

The existing contaminant concentrations are incorporated into the model based on measured soil 

concentrations and measured groundwater concentrations. These measured concentrations are also 

used to select COCs to be included in the model. No additional soil data have been taken at PNS 

between the Phase I modeling and the Phase II modeling so that the model soil source terms did not 

change between the two phases of modeling. Only the new groundwater source data was considered in 

selecting additional COCs for the Phase II modeling in this portion of the COC selection process. 

As a first step in the evaluation, a comparison of the maximum concentrations for groundwater between 

Phase I modeling and Phase II modeling sampling data was performed to identify contaminants that had 

higher maximum concentrations in the Phase II data set than the Phase I data set. For Phase I, 

groundwater sampling data consisted of groundwater samples collected by bailer. To be conservative, the 

higher of total or filtered data was used to develop Phase I model inputs. Groundwater sampling data for 

Phase II modeling consist of groundwater samples collected by low-flow sampling techniques. Because 

groundwater samples collected by bailer can contain significant amounts of suspended solids that are a 

result of sampling technique rather than an indication of suspended solids moving with the groundwater, 

low-flow sampling techniques were used for the recent groundwater sampling at PNS. Low-flow sampling 

minimizes disturbances in the well and yields a groundwater sample more representative of actual 

amounts of suspended solids being transported in the groundwater. The Draft Groundwater Monitoring 

Summary Report (B&R Environmental, 1998a) concluded that, in general, total metals results evaluated 
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TABLE 4-1 

LIST OF PHASE II MODELING COCs FOR OU2,OU3, AND OU5 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

cots ou2 ou3 ou5 

Metals 

Nickel 

Selenium 

Silver 

Tin 

Zinc 

PesticideslPCBs 

4,4’-DDT”’ 

Aroclor-I 254 

Aroclor-1260 

Volatile Organics 

Carbon Disulfide 

Semivolatile Organics 

Phenanthrene 

Benzo(a)pyrene 

X X X 

X 

X X X 

X X 

X X X 

X X X 

X 

X 

X X 

X 

X 

1 Analyte not previously identified as a Phase I COC. Identified as an additional Phase II COC as part of 

seep/sediment screening provided in Appendix A of the Phase II Work Plan (TtNUS, 1998). 
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from conventional sampling methods (bailers) tended to be higher than that collected using low-flow 

sampling procedures. Filtered metals data were somewhat similar. A comparison of volatile organic 

compounds (VOCs) indicated that, in general, VOC results were similar for all the rounds. Therefore, in 

general, the majority of the metals concentrations decreased when the low-flow sampling technique was 

used. The organic results are similar (with some results being higher and some results being lower) 

between the filtered and unfiltered data. 

Although several analytes (refer to Table 4-2) had maximum concentrations greater in Phase II than 

Phase I modeling groundwater data, when further evaluated, none of these analytes were added as 

Phase II COCs. Specifically, analytes were screened out that were infrequently detected in the low-flow 

groundwater samples and/or had maximum concentrations below the surface water criteria (used in the 

COC screening in the Phase I modeling). Table 4-2 is reproduced from Appendix A of the Phase II 

modeling work plan (TtNUS, 1998). This table provides a comparison of the maximum detected 

concentration from the Phase I data and the low-flow data available at the time the Phase II work plan 

was originally written. Table 4-2 also provides the rationale for selecting or not selecting a chemical as a 

Phase II COC. For clarity, Table 4-2 presents only the chemicals that were measured at a higher 

concentration in the low-flow sampling events than in the previous groundwater sampling events. 

4.2 COMPARISON OF ON-SHORE DATA WITH OFF-SHORE CRITERIA 

The seep and sediment sample data were also considered in selection of Phase II modeling COCs. The 

seep and sediment data from Rounds 7 and 8 were compared with criteria used in the Phase I modeling 

(surface water criteria for seep and National Oceanic and Atmospheric Administration [NOAA] effects 

range median [ER-M] for sediment). 

ER-M values were used for screening purposes to focus the modeling task on the chemicals likely to 

cause the most impacts on the sediment. However, a concentration level below an ER-M does not 

necessarily reflect a condition under which the ecological receptors are unaffected. Therefore, more 

stringent criteria (i.e., effects range low [ER-L]) are also considered, as necessary, in evaluating modeling 

results. 

Analytes that had exceedances of the criteria were identified and further screened. Analytes with 

exceedances already identified as Phase I COCs were automatically included as Phase II COCs. In 

addition, for seeps, analytes were screened out that were infrequently detected above the surface water 

criteria and/or were infrequently detected in on-shore media (i.e., soil and groundwater). For sediment, 

analytes were screened out that were infrequently detected above the ER-M and/or were infrequently 

detected above surface water criteria in seep samples. Based on the evaluation of seep and sediment 
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TABLE 4-2 

IDENTIFICATION OF ADDITIONAL PHASE II MODELING COCS BASED ON.GROUNDWATER DATA”’ 
PAGE 1 OF 2 

8- 
22 
8 
3 

% 

7. 
0 
9 
8. 

Chemical 

Ooerable Unit 2 IDRMO. 
Calcium 
Maanesium 
Manganese 

Selenium 

Thallium 

Bis(2-ethylhexyl)phthalate 

Ooerable Unit 3 (JILF. W 

Barium 
Calcium 

2-Methylphenol 

2-NitroDhenol 

Acenaohthvlene 

Bisl2-ethvlhexvhohthalate 18 28 30184 360 1 
Butvlbenzvlohthalate NA 4 1184 3.4 3 
Carbazole 6 8.5 4184 - -- 

Diethyl phthalate 

Dimethyl phthalate 

Di-N-butyl phthalate 
Di-N-octyl phthalate 
1 ,1,2-Trichlorotri- 
fluoroethane (Freon) 

1,l -Dichloroethane 

25 1,000 10182 59,000 6 no no 

13.5 25 10182 320,000. 3 no no 

I,1 -Dichloroethene NA 5.5 1 2182 1 224,000 1 2 1 no 1 no 

Phase I’*’ 
Maximum 
Positive 
Detect 

Rounds 7 & 8(3’ Surface Water Phase I Exceeds 
Maximum Frequency Criteriat4’ COC? Surface 
Positive of Water 
Detect Detection Criteria Source Criteria? 

ncinerator Site) 
861,000 1,570,000 28128 --- --- no -- 

1,140,000 1,280,OOO 28128 --- -- no --- 
3,560 4,260 26128 10 3 yes yes 

17 42.6 II28 71 1 no no 

16 17.8 7128 2,130 2 no no 

5.5 7 11132 360 1 no no 

IT MBI, MBII) (Clark Cove and Back Channel) 

2,010 3,760 81182 10,000 3 no no 
522,000 842,000 82182 -- --- no -- 

5 5.5 3111 1,800 6 no no 

NA 4 l/11 4,850 2 no no 

NA 1 II84 300 3 no no 

no 
no 
no 

no 
yes 
-- 

NA 0.8 1184 3.4 3 no no 

NA 3 7184 3.4 3 no no 

NA 
2 

2 
11.25 

3184 
2184 

3.4 
3.4 

3 
3 

no 
no 

no 
yes 

Comment 

essential nutrient; not added as Phase II COC 
essential nutrient; not added as Phase II COC 
Phase I COC for all modeling source areas 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 
not detected above surface water criteria; not added 
as Phase II COC 
not detected above surface water criteria; not added 
as Phase II COC 

not detected above surface water criteria; not added 
as Phase II COC 
essential nutrient; not added as Phase II COC 
not detected above surface water criteria; not added 
as Phase II COC 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 
not detected above surface water criteria; not added 
as Phase II COC 
low frequency of detect; not added as Phase II COC 
low frequency of detect; not added as Phase II COC 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 
not detected above surface water criteria; not added 
as Phase II COC 
not detected above surface water criteria and low 
frequency of detect, not added as Phase II COC 
low frequency of detect; not added as Phase II COC 
not detected above surface water criteria; not added 
as Phase II COC 
not detected above surface water criteria; not added 
as.Phase II COC 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 



TABLE 4-2 

IDENTIFICATION OF ADDITIONAL PHASE II MODELING COCS BASED ON GROUNDWATER DATA(‘) 
PAGE 2 OF 2 

Z- 
% Chemical Phase I(‘) Rounds 7 81 8”) Surface Water Phase I Exceeds Comment 
a 
3 Maximum Maximum Frequency Criteria(‘) COC? Surface 

Positive Positive of Water 
Detect Detect Detection Criteria Source Criteria? 

P 
bl 

Operable Unit 3 (JILF, WOT., MBI, MBII)(Clark Cove and Back Channel) Continued 

4-Methyl-2-pentanone NA 2 2182 460,000 5 

Acetone ia 160 24182 9,000,000 5 

Benzene 11 18 I 2182 700 1 

Chloroethane NA 5 4182 8,600 6 

Styrene NA 3 4182 1,600 6 

Trichloroethene NA 5 4182 2,000 2 

~Vinyl chloride NA 13 5182 224,000 3 
I 
‘4,4’-DDD NA 0.26 II70 0.68 3 

no 

no 

no. 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 
not detected above surface water criteria; not added 
as Phase II COC 
not detected above surface water criteria; not added 
as Phase II COC 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 
not detected above surface water criteria and low 
frequency of detect; not added as Phase II COC 

Operable Unit 5 (Site 27, Berth 8 Industrial Area) 

Thallium NA 9 2110 2,130 
not detected above surface water criteria; not added 

2 no no as Phase II COC 

NA = Not analyzed or not detected 
--- = Not available or not applicable 

1 All units are in ug/L. 
2 Phase I groundwater data were the groundwater data used in the Phase I Contaminant Fate and Transport Modeling (B&R Environmental, February, 1997C). 
3 Low-flow groundwater data were collected during the recent sampling events, Round 7 (December 1996) and Round 6 (April 1997). 
4 Surface water criteria sources are as follows: 

1 - Maine Water Quality Criteria, Protection of Aquatic Life, chronic, salt, 1995 
2 - Maine Water Quality Criteria, Protection of Aquatic Life, acute, salt, 1995 
3 - EPA Region III Biological Technical Assistance Group (BTAG) Screening Level, Protection of aquatic life, marine, 1995 
4 - Maine Water Quality Criteria, Protection of Aquatic Life, chronic, fresh, 1995 

2 5 - EPA Region Ill BTAG Screening Level, Protection of Aquatic Life, fresh, 1995 
0 6 - EPA Region III Risk Based Screening Levels for tap water, 1996 
0 

z 
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data from Rounds 7 and 8, in comparison with criteria, 4,4’-DDT was added as an additional Phase II 

COC for all source areas. This is a conservative measure because 4-4’-DDT was not detected in the 

groundwater samples (and so is not presented in Table 4-2). Tables are presented in Appendix A of the 

Phase II model work plan that present the comparison of the seep and sediment data with criteria used to 

select the Phase II COCs. 
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5.0 PHASE II MODEL APPLICATION 

This section summarizes the input data to the on-shore and off-shore models used for each of the four 

conceptual model source areas being investigated. This section also presents baseline and uncertainty 

analysis results from the analytical model for each source area. Comparisons with surface water and 

sediment criteria for all of the source-area-specific modeling COCs are also presented. Finally, a 

comparison of model results to measured surface water and sediment concentrations is made. The 

modeling results in this section are for the baseline set of input parameters (baseline case). The baseline 

set of parameters generally include the most conservative input parameters based on the available 

information. Combinations of less conservative but more reasonable inputs from the uncertainty analysis 

are also discussed in this section. 

5.1 INPUT PARAMETERS 

The discussion of model input parameters is presented in the following two sections: physical input 

parameters and chemical input parameters. 

51.1 Physical Input Parameters 

The physical input parameters required for each of the four modeling source areas--0U2, OU3 to Clark 

Cove, OU3 to the Back Channel, and OU5-were presented in Tables 8-l through 8-4, respectively of the 

Phase I modeling report (B&R Environmental, 1997c). None of the physical input parameters have 

changed for the Phase II modeling. For convenience, the physical input summary tables have been 

reproduced in Appendix E.l. 

5.1.2 Chemical-Specific Input Parameters 

The chemical input parameters for the modeling include &(soil), bcsedjr decay rate, initial soil 

concentrations, and initial groundwater concentrations. Tables 5-l through 5-4 present the chemical- 

specific input parameters for each of the modeling source areas; OU2, OU3 to Clark Cove, OU3 to the 

Back Channel (Jamaica Cove), and OU5, respectively. Tables 5-l through 5-4 present chemical-specific 

input for the modeling COCs selected in Section 4.0. The soil concentration data, the soil &(soir), and the 

half-life decay rates presented in Tables 5-l through 5-4 have not changed since the Phase I Modeling 

and are the same values which were presented in Tables 8-5 through 8-8 of the Phase I Modeling Report. 

The groundwater source terms (the maximum, and the 95 percent upper confidence limit [UCL] of the 

mean of the data) have been revised since the Phase I modeling report. The groundwater concentrations 

are based on low-flow groundwater rounds 7 and 8. Input physical parameters are also shown on 
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TABLE 5-I 

SITE-SPECIFIC CONTAMINANT INPUT PARAMETERS 
OPERABLE UNIT 2 (DRMO SALVAGE YARD) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

NA - Chemicals were not analyzed, due to non-exceedence in groundwater. 
ND - Not Detected 
___ = Not available or not applicable 

Half-Life 1 (yea=) 
(5) 

I 

, 3.13E+dl 1 

1 COCs selection process is described in Section 5.0 of the Phase I Modeling Report (B8R Environmental, 1997c). and Phase II Work 
Plan (Tetra Tech NUS, Inc.. Aug 1998). 

2 Groundwater concentration data are taken from PNS Rounds 7 and 8. 

3 Kd(soil) values are presented in Appendix B of the Phase I Modeling Report (B&R Environmental, 1997~): 
4 PNS site-specific sediment were calculated using sediment/porewater data from round 10 and URI respectively. 

Calculations are provided in Attachment A.1 of Appendix A. 
5 Inorganic chemicals were assumed to not decay; so a half-life is not applicable to them. 

If an organic chemical did not have a half-life from literature, it was conservatively assumed that it did not decay. 
Organic half-lives from Howard et al., 1991. 
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PNS COCs 

I (1) 
Aluminum 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

TABLE 5-2 

SITE-SPECIFIC CONTAMINANT INPUT PARAMETERS 
OPERABLE UNIT 3 TO CLARK COVE (JILF, WOT, MBI, AND MBII) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

40.92 l.l6E+02 527E+02 2.66E+03 650E+oo 520E+03 

.2.16 1.51 E+OO 625E+oo 3.06E+Ol 6.30E+OO 1.54E+02 

NA 3.12E+02 NA 3.12E+02 1.30E+02 5.20E+04 

63.50 6.92E+02 5.66E+03 1.24E+04 6.20E+Ol l.l6E+04 

1 .oo 7.00E-03 l.OOE+OO 7.00E-03 5.16E-01 6.30E-01 

ND 2.60E+OO ND 2.60E+OO 1.1 OE+04 252E+03 

Half-Life 
(yea=) 

(5) 

___ 

- 

-_ 

-- 

-- 

-_ 

- 

-- 

- 

_-- 

___ 

-_- 

-- 

-- 

31.3 

NA - Chemicals were not analyzed, due to non-exceedence in groundwater. 
ND - Not Detected 
- = Not available or not applicable 

1 COCs selection process is described in Section 5.0 of the Phase I Modeling Report (BBR Environmental, 1997c), and Phase II Work Plan 
(Tetra Tech NUS, Inc., Aug 1996). 

2 Groundwater concentration data are taken from PNS Rounds 7 and 8. 
3 Kd(soil) values are presented in Appendix B of the Phase I Modeling Report (B&R Environmental, 1997~). 
4 PNS site-specific sediment were calculated using sedimenffporewater data from round 10 and URI respectively. 

Calculations are provided in Attachment A.1 of Appendix A. 
5 Inorganic chemicals were assumed to not decay; so a half-life is not applicable to them. 

If an organicchemical did not have a half-life from literature, it was conservatively assumed that it did not decay. 
Organic half-lives from Howard et al., 1991. 
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TABLE 5-3 

SITE-SPECIFIC CONTAMINANT INPUT PARAMETERS 
OPERABLE UNIT 3 TO JILF BACK CHANNEL AREA (JAMAICA COVE) 
PHASE II MODELING, ONSHORE/OFF-SHORE ANALYTICAL MODEL 

PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

l.lOE+OO &30E+OO 7.41E+02 - 
I I I 

NA - Chemicals were not analyzed, due to non-exceedence in groundwater. 
ND - Not Detected 
--- = Not available or not applicable 

1 COCs selection process is described in Section 5.0 of the Phase I Modeling Report (B&R Environmental, 1997c), and Phase II Work 
Plan (Tetra Tech NUS, Inc., Aug 1998). 

2 Groundwater concentration data are taken from PNS Rounds 7 and 9. 
3 Kd(soil) values are presented in Appendix B of the Phase I Modeling Report (B&R Environmental, 1997c). 
4 PNS site-specific sediment were calculated using sedimentlporewater data from round 10 and URI respectively. 

Calculations are provided in Attachment A.1 of Appendix A. 
5 Inorganic chemicals were assumed to not decay; so a half-life is not applicable to them. 

If an organic chemical did not have a half-life from literature, it was conservatively assumed that it did not decay. 
Organic half-lives from Howard et al.. 1991. 

099806/P 5-4 CT0 0166 



Rev. 1 
07199 

TABLE 5-4 

SITE-SPECIFIC CONTAMINANT*INPUT PARAMETERS 
OPERABLE UNIT 5 (SITE 27 [BERTH 6 INDUSTRIAL AREA]) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Iron 9.75E+03 2.81 E+04 9.75E+03 2.81 E+04 250E+Ol - 

Lead 6.78E+Ol 6.33E+02 6.78E+Ol 6.33E+02 2.70E+02 - 

Manganese 7.13E+03 5.27E+02 7.13E+03 6.41 E+02 6.50E+Ol - 

Mercury 3.76E-02 5.00E-01 6.00E-02 500E-01 5.20E+Ol - 

Nickel 6.06E+oo 5.16E+Ol - 9.40E+OO 6.00E+ol 6.50E+Ol -- 

Selenium 

Silver 

Zinc 

Benzo(a)pyrene 

Phenanthrene 

4.4’~DDT 

ND 7.83E-01 ND- 1.20E+OO 5.00E+OO -- 

3.44E+OO 3.23E+OO 4.60E+OO 3.23E+OO 8.30E+OO - 

5.95E+Ol 1.31 E+03 9.57E+Ol 1.51 E+03 6.20E+Ol -- 

NA 3.60E+OO NA 3.60E+OO 3.37E+04 2.9 

NA 5.81 E+OO NA 7.60E+OO 6.00E+02 2.2 

NA 1 .OOE-02 NA 1 .OOE-02 3.22E+04 31.3 

NA - Chemicals were not analyzed, due to non-exceedence in groundwater. 
ND - Not Detected 
--- = Not available or not applicable 

1 COCs selection process is described in Section 5.0 of the Phase I Modeling Report (B&R Environmental, 1997c), and Phase II Work 
Plan (Tetra Tech NUS, Inc., Aug 1998). 

2 Groundwater concentration data are taken from PNS Rounds 7 and 8. 
3 Kd(soil) values are presented in Appendix B of the Phase I Modeling Report (B&R Environmental, 1997c). 
4 Inorganic chemicals were assumed to not decay; so a half-life is not applicable to them. 

If an organic chemical did not have a half-life from literature, it was conservatively assumed that it did not decay. 
Organic half-lives from Howard et al., 1991. 
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spreadsheets in Appendix B. Although data from rounds 9 and 10 were recently available, only data from 

rounds 7 and 8 were used in the Phase II modeling so that the same data that was used to determine the 

Phase II COC list (Appendix A of the Phase II work plan) would be used in the modeling. The Draft 

Groundwater Monitoring Summary Report (B&R Environmental, 1998a) concluded that overall the 

analytical data collected from Rounds 7 through 10 were somewhat similar from round to round. No clear 

patterns or trends were noted based on seasonal changes or water level fluctuations. Basing the Phase 

II modeling only on rounds 7 and 8 data should not significantly affect the overall results of the Phase II 

modeling. 

The sediment Kd values used for the Phase I modeling report have been replaced with new values that 

are presented in Tables 5-1 through 5-4. Table 5-5 presents a summary of the sediment Kd values that 

were used in the modeling. The baseline sediment Kd values are based on porewater/sediment 

measurements using the exact same methodology used in the Phase II work plan for calculation of 

sediment Kds based on seep/sediment concentrations. Calculation of the sediment Kd values is provided 

in Appendix A. The sediment Kd calculations were based on round 10 data for porewater and sediment. 

Round 10 data were used because this was the only round in which porewater data were collected. 

Also provided for reference in Table 5-5 are the sediment Kd values used in the Phase I modeling 

(equaling the soil Kd values) and the Kd values that were presented in the Phase II work plan for all 

locations (based on Round 7/8 seep/sediment concentrations). As can be seen from Table 5-5, the 

sediment Kd values based on the porewater/sediment data are approximately one order of magnitude 

less than the sediment Kd values proposed in the Phase II work plan. Sediment Kd values calculated 

based on sediment and porewater concentrations will produce the most accurate estimation of the 

sediment Kd value of the methods used at PNS to date. Using porewater and sediment concentration 

pairs would be more accurate than using the seep and sediment concentrations pairs that were proposed 

in the Phase II work plan. This is because the sediment Kd value attempts to estimate the mobility of the 

chemicals within the sediment layer itself and porewater is a better measure of the water concentration in 

the sediment than the seep concentration. 

Although the sediment Kd values developed for PNS provide better site-specific data for use in the 

Phase II modeling, several limitations to the method used to calculate the sediment Kd values were 

identified. Limitations include the use of non-detects in the calculation of sediment Kd and the analytical 

method used to analyze COC concentrations in the sediment (refer to Section 5.0 of Appendix B of the 

Phase II work Plan). Specifically, sediment Kd for silver is viewed as more uncertain because of a large 

number of non-detects used in the sediment calculation. Also, antimony and tin are also considered more 

uncertain because porewater/sediment concentration pairs were not available for those chemicals and 
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TABLE 5-5 

SUMMARY OF SELECTION OF SITE-SPECIFIC SEdlMENT KD VALUES 
BASED ON SEDIMENT AND POREWATER DATA (ROUND 10) 

PHASE II MODELING, ON-SHORE/OFFSHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KIlTERY, MAINE 

Back Channel 

Sediment Kd Sediment Kd 

All Locations 

Sediment Kd 

Sediment Kd 

1,878 37.919.000 

Carbon disulfide 1.30 0.63 0.88 0.52 0.88 0.63 1.30 

PCBS (OU2) NA NA 12,849 9.280 12.849 4,214 59,849 

4,4’-DDT 3.771 2,518 3.861 11,000 3.861 1,362 27.816 

NA - Not Available 
1 Calculation of sediment Kds using sedimenffporewater data for the Back Channel, Clark Cove, and all locations frqm PNS Round 10 

and URI are provided in Attachment 1 of Appendix A. 
2 Taken from the Phase I Modeling Report (B&R Environmental, 1997c). 

Organic soil Kds calculated using literature koc values and site-specific soil fraction of organic carbon (foe). 
3 Taken from the Phase II Modeling work Plan (Tetra Tech NUS, Inc, 1998). Data based on all locations from rounds 7 & 8. 
4 Sediment Kd calculated from pair of porewater and sediment data (Kd led = Csed I C,, ‘1000). 
5 For antimony and tin, 400 times the Phase I soil Kd selected as sediment Kd. See Appendix B of the Phase II Work Plan. 
6 Organic sediment Kds calculated using the following equation: 

Kd = koc’foc; where foe for OU2, Back Channel, Clark Cove, and OU5 are 1.93%. 2.85%,1.37%. and 1.93% respectively. 
Phase I kocs were taken from the Phase I Modeling Report. 
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the sediment Kds. Sediment Kds used for antimony and tin were those developed in the Phase II Work 

Plan. Based. on the geochemical modeling results, mercury and nickel are also considered relatively 

more uncertain because the Kd approach may not provide a conservative estimate of the geochemical 

processes that are occurring at PNS. It is important to consider the limitations of the sediment Kd 

calculation and how these limitations affect the results of the Phase II, modeling. The uncertainty analysis 

includes an evaluation of how sensitive the model results are to changes in the sediment Kd values. 

Because the sediment Kd will have a significant impact on the final model results, it is worthwhile to 

summarize the strengths and weaknesses of the sediment Kd estimation procedure used for PNS. The 

sediment Kd estimation procedure is most important for inorganic COCs since these contaminants 

mobility can vary greatly based on the chemical form of the contaminant and the geochemical conditions 

(e.g., pH). The sediment Kd will affect how the contaminant mass, predicted to be migrating to the 

shoreline, is allocated between the surface water and the sediment in the model. The sediment Kd has 

opposite effects on the predicted surface water concentration and the predicted sediment concentration 

(i.e., as the value of the sediment Kd increases, the predicted sediment concentration increases; 

however, the predicted surface water concentration will decrease). While it is believed that the 

estimation procedure incorporated into the modeling task is a reasonable method of estimating the 

sediment Kd, it is important to understand that the sediment Kd is still an uncertain parameter. The 

following bulleted list summarizes the strengths and weaknesses of the Kd values used for input into the 

model. 

Strengths 

l The sediment Kd values are based on actual measurement taken in the field so the values are a 

snapshot of the actual porewater concentration and sediment concentrations, the ratio of which is the 

actual sediment Kd for that location. 

l The sediment Kd estimation procedure does not attempt to model all of the potential geochemical 

processes which may be occurring in the sediment, but instead attempts to estimate the aggregate 

effects of all the geochemical processes by direct measurement.. The procedure is therefore much 

simpler and less dependent on assumed geochemical processes. 

Weaknesses 

l The sediment Kd estimation procedure is based on the total concentration of a contaminant in the 

sediment and the total amount of contaminant in the porewater. This method does not account for 

the fraction of inorganic contaminants which may or may not be present in the sediments as part of 

the natural soil matrix and therefore is not mobile under the environmental conditions at the site. 

Inclusion of non-mobile fraction of the inorganic constituent in the estimation of the Kd value could 
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overestimate the sediment Kd when modeling the migrating fraction and therefore underestimate the 

mobility of the contaminant in the surface water. More complicated laboratory analyses have been 

used for other projects to estimate the sediment Kd which can account for this weakness; however, 

this method may not as closely match actual site conditions. 

l The contaminant concentration in the sediment could also include fractions of the contaminant, while 

not part of the soil matrix, have not been transported to the sediment via groundwater. This would 

have the same effect as including fractions of the contaminant that are part of the natural soil matrix 

as explained in the previous bullet. The contaminated sediment could have originated from soil 

particle being washed from the on-shore areas historically or could have been transported to their 

present location in solid form via surface water from other areas within the estuary. 

5.2 SURFACE WATER RESULTS 

The surface water results are discussed in the following two subsections: the baseline results and the 

uncertainty analysis. The second subsection discusses the uncertainty analysis approach as well as the 

results of the uncertainty analysis. 

5.2.1 Baseline Surface Water Results 

Tables 5-6 through 5-9 present the baseline modeling results for each of the modeling source areas: 

OU2, OU3 to Clark Cove, OU3 to the Back Channel (Jamaica Cove), and OU5, respectively. The 

baseline results are based on soil and groundwater UCL concentrations input into the model. In each of 

the baseline results tables, the calculated near-shore surface water concentration (C,,,,) for each of the 

modeling COCs is compared with surface water criteria and measured surface water concentrations. The 

surface water criteria used to compare with the calculated C near concentrations were the same as used in 

the Phase I modeling. The estimated surface water concentration for the baseline case did not exceed 

the surface water criteria for any of the modeling COCs for OU2, OU3 to Clark Cove, OU3 to the Back 

Channel (Jamaica Cove) or OU5. These results are shown in Tables 5-6 through 5-9. The spreadsheets 

used to predict the baseline surface water concentrations are presented in Appendix B. All the predicted 

surface water concentrations are very low as compared with surface water criteria. Because of the 

relatively high sediment Kd values incorporated into the Phase II modeling. The relatively high sediment 

Kds cause the model to predict most of the contaminants migrating from the site will bind to the 

sediments before being transported to the river. Corresponding high sediment concentrations are 

discussed in Section 5.3. 

Also included on Tables 5-6 through 5-9 is the range of measured surface water concentrations. These 

surface water concentrations were obtained from data presented in the Draft Estuarine Ecological Risk 
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COMPARISON OF CALCULATED SURFACE WATER CONCENTRATIONS 
WITH CRITERIA AND MEASURED DATA 

OPERABLE UNIT 2 (DRMO SALVAGE YARD) 
PHASE II MODELING, ON-SHOREIOFF-SHORE ANALYTICAL MODEL 

PORTSMOUTH NAVAL SHIPYARD, KIlTERY, MAINE 

PNS COCs 

Aluminum 

Copper 

Iron 

Lead 

Manganese 

Mercu’ry 

Silver 

Zinc 

Carbon disulfide 

Aroclor-1254 

Aroclor-1 260 

4,4’-DDT 

Not Available 

Calculated Surface 1 1 Measured Surface Water Cont.@) 1 
Water Cont. Surface Water Min Max Mean 

(baseline) Cnearf’) Criteriat2) 
WL I@- 

I@ ClglL lw 

1.94E-04 87.00 --- _-_ --- 

l.llE-04 500.00 --- --- --- 

1.33E-04 36.00 __- --- --- 

7.58E-05 50.00 0.180 0.634 0.341 

8.18E-04 2.90 --_ _-- _-- i 
3.05E-01 1000.00 0.052 0.209 0.108 

3.62E-03 8.50 ___ --- --- 

8.95E-03 10.00 _-- _-_ --- 

1.18E-o- 0.03 1 0.301 I 0.340 1 0.325 I 

5.86E-04 8.30 --- _-_ --- 

8.81 E-04 0.92 --- --- -- 

6.75E-06 0.01 --- --- --- 

l.l8E-03 86.00 --- --- --- 

1.87E-03 2.00 
I 

--- 
I 

--- 
I 

--- 
I 

1.76E-08 0.03 --- __- --- 

1.76E-08 0.03 --- --- -_- 

l.O5E-09 0.001 
I 

‘___ 
I 

--- 
I 

--- 
I 

1 Bold cells indicate that calculated surface water concentrations exceed the surface water criteria. No exceedances are noted on the subject table. 

2 See Appendix B of the Phase I Modeling Report (B&R Environmental, 1997~). 

3 Measured surface water data were obtained from samples collected during three cruises conducted by URI GSO in fall of 1993, and presented 

in EERA (NCCOSC, 1995). Lead and nickel data for the DRMO, copper data for the whole estuary. 
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TABLE 5-7 

COMPARISON OF CALCULATED SURFACE WATER CONCENTRATIONS 
WITH CRITERIA AND MEASURED DATA 

OPERABLE UNIT 3 TO CLARK COVE (JILF, WOT, MBI, AND MBII) 
PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 

PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Surface Water 
Cont. (baseline) 

--- Not Available 
ND Not Detected 
1 Bold cells indicate that calculated surface water concentrations exceed the surface water criteria. 

No exceedances are noted on the subject table. 
2 See Appendix B of the Phase I Modeling Report (B&R Environmental, 1997~). 
3 Data taken from the Phase I EERA (Johnston et al., 1994) Appendix L for Stations 3, 4, 5, 6, 7, end 8. 

Average calculated using half of the nondetect value. 
4 Measured surface water data were obtained from samples collected during three cruises conducted by 

URI GSO in fall of 1993, and presented in EERA (NCCOSC, 1995). Cadmium, lead, and nickel data 
for Clark Cove, copper data for the whole estuary. 

099806/P 5-11 CT0 0166 



Rev. 1 
07199 

TABLE 5-8 

COMPARISON OF CALCULATED SURFACE WATER CONCENTRATIONS 
WITH CRITERIA AND MEASURED DATA 

OPERABLE UNIT 3 TO JILF BACK CHANNEL AREA (JAMAICA COVE) 
PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 

P.ORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Cont. (baseline) 

Tin 4.06E-07 0.01 - - - 

Zinc 2.22E-04 66.00 ND ND ND 

Carbon disulfide 2.70E-03 2.00 -- - - 

4,4’ DDT 2.62E-06 0.001 -- --- -- 

--- Not Available 
ND Not Detected 
1 Bold cells indicate that calculated surface water concentrations exceed the surface water criteria. 

No exceedances are noted on the subject table. 
2 See Appendix B of the Phase I Modeling Report (B&R Environmental, 1997c). 
3 Data taken from the Phase I EERA (Johnston et al., 1994) for Station 19. 
4 Measured surface water data were obtained from samples collected during three cruises conducted by 

URI GSO in fall of 1993, and presented in EERA (NCCOSC, 1995). Cadmium, lead, and nickel data 
for Jamaica Island, copper data for the whole estuary. 
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TABLE 5-9 

COMPARISON OF CALCULATED SURFACE WATER CONCENTRATIONS 
WITH CRITERIA AND MEASURED DATA 

OPERABLE UNIT 5 (SITE 27 [BERTH 6 INDUSTRIAL AREA]) 
PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 

PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Surface Water 

Lead 0.07 8.50 0.007 0.011 0.009 

Manganese 0.75 10.00 1.750 1.870 1.810 

Mercury 0.0003 0.03 - - -- 

Nickel 0.02 8.30 0.266 0.273 0.270 

Selenium 0.005 71.00 -- - - 

Silver 0.012 0.92 - - I- 

Zinc 0.63 86.00 - -- - 

Benzo(a)pyrene 8.34E-59 0.21 - -- - 

Phenanthrene 1.69E-05 4.60 -- - - 

4,4’ DDT 2.05E-13 0.001 -- -- -- 

--- Not Available 
1 Bold cells indicate that calculated surface water concentrations exceed the surface water criteria. 

Not exceedances are noted on the subject table. 
2 See Appendix B of the Phase I Modeling Report (B&R Environmental, 1997c). 
3 Data taken from “Trace Level Inorganic Analysis of Marine and Estuarine Samples”, D. Cullen and 

R. Arimoto, undated. Data for Cruise II, Station ,I 0 and Cruise Ill, Station 10. 
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Assessment (EERA) (under revision) (NCCOSC, 1995). In some instances, only certain chemicals were 

summarized in the EERA. In these cases, raw data in the Phase I EERA (Johnson et al., 1994) were 

summarized and incorporated into the tables. In the EERA, the data were grouped into several 

subgroups depending on the sample locations. The subgroups located nearest to a model source area 

were compared with the estimated surface water concentration and are listed on the tables. The 

predicted surface water concentrations are all much lower than the measured surface water 

concentrations. 

5.2.2 Uncertainty Analysis - Surface Water 

The Phase II on-shore/off-shore modeling study at the PNS was conducted to conservatively screen the 

potential COCs and to provide information for prioritizing potential needs of on-shore remedial actions in 

the various contaminant source areas evaluated. As a screening model, decisions were made in the 

early stages of the Phase I modeling study to prefer the model’s efficiency and conservativeness instead 

of absolute accuracy. When evaluating the Phase II baseline modeling results, it is more appropriate to 

ask how conservative rather than how accurate these model estimates are. Therefore, an uncertainty 

analysis was designed and conducted to evaluate the level of conservativeness of the baseline case 

modeling study. 

Two different technical approaches were used in the uncertainty analysis as was done for the Phase I 

modeling study. A deterministic approach was first applied to evaluate specific combinations of important 

model input parameter values. A probabilistic approach was then applied for representative COCs to 

provide statistical descriptions of the possible ranges of COC-specific surface water concentrations. The 

level of conservativeness of the baseline case can be quantified using relative comparisons between 

estimated baseline surface water concentrations and the additional simulation results from both of these 

two approaches. 

5.2.2.1 Sources of Significant Uncertainty 

Although uncertainties can be minimized, it is impossible to eliminate all uncertainties regarding future 

conditions. The issue is how to properly quantify the uncertainties and determine the acceptable level of 

uncertainties. A reasonable level of conservativeness is the main requirement for a screening modeling 

study such as the Phase I/Phase II studies. Major sources of uncertainties based on estimated future 

contaminant conditions from contaminant fate and transport modeling, may include: 

l Conceptualization/simplification of the actual hydrogeological structure (e.g., groundwater flow 

direction and rate), hydrological factors (e.g., Dr values), and geochemical conditions (e.g., Kd 

values). 
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l Estimation of the source contaminant conditions (e.g., source area size and source concentrations). 

l Quantification of chemical characteristics (e.g., decay rate and mobility). 

l Solution techniques used in the computer model to solve the governing flow and contaminant fate 

and transport equations. 

Uncertainties as a result of the first three sources can be minimized by collecting sufficient/appropriate 

site-specific data and by conducting appropriate interpretations of the available data before making major 

decisions regarding modeling approach and assigning input parameter values. Sensitivity analyses are 

usually conducted to select critical parameters and guide the data collecting efforts. The last major 

source of uncertainties can be minimized by using simpler but more conservative analytical equations 

instead of complex numerical models (when accuracy is not the main objective) or by comparing results 

from various solution techniques (when accuracy is. important). 

More site-specific physical and hydrological characteristic data is available in the Phase I modeling study 

than contamination and geochemical information, and can be referenced in Appendix E of the Phase II 

report. Appendix E is excerpt material from the Phase I modeling report and includes tables listing 

physical and hydrological input parameters as well as figures showing each source area’s boundaries. 

Major hydrogeological parameters, such as the net groundwater flow rate and velocity, have also been 

estimated and cross-verified by multiple methods as described in Section 6.0 of the Phase I Modeling 

Report. The current major sources of uncertainties in the on-shore model are the contamination (soil and 

groundwater source terms), geochemical factors (soil and sediment Kd values), and the off-shore return 

rate (Dr). 

5.2.2.2 Deterministic Uncertainty Analysis -Surface Water 

Assumptions regarding the state of the source groundwater concentrations (i.e., increasing, steady, or 

decreasing) and the surface water return rate have profound impacts on the estimated future surface 

water concentrations. Assumptions regarding these two factors are incorporated in the Phase I and 

Phase II analytical model by the approaches used to assign the source groundwater concentrations and 

the Dr values. For the baseline case, the COC- and source-specific constant groundwater concentrations 

were assigned using the higher values between the measured groundwater concentrations and the 

calculated groundwater concentrations using estimated soil leachate concentrations. This approach 

implies that groundwater concentrations at the site can still increase and sufficient contaminant mass 

exists in the source to maintain the higher groundwater concentration indefinitely. However, if the 

contaminant sources have already reached steady state, measured groundwater concentrations can be 
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used directly as the constant source groundwater concentration in the model. A finite (i.e., decreasing) 

source approach was not considered in the Phase l/Phase II modeling study. As described in Section 

52.1, the UCLs of the measured groundwater and soil concentrations were used for the baseline case. 

An alternative to this approach was to use the measured maximum groundwater and soil concentrations. 

The baseline case used the most conservative Dr value of 0.5. Other indicator values of Dr include 0.1 

and the value corresponding to a near-shore mixing zone of one quarter of the channel cross-section, 

which varies for each modeled source area. 

By combining the different approaches for assigning the COC-specific source groundwater concentrations 

(i.e., soil/groundwater vs. groundwater and UCL vs. maximum) and the Dr values (i.e., 0.5, 0.1, and based 

on one quarter of channel mixing zone), 12 potential cases (including the baseline case) can be defined 

for each COC for OU2 and OU3. The first six cases correspond to the increasing source groundwater 

concentration condition (i.e., soil leachate concentrations were considered), yet the other six cases 

correspond to the steady-source groundwater concentration condition. 

Because of the shoreline configuration of OU5 as described in Section ,6.0 of the Phase I modeling report, 

the Dr value was determined using the net surface water flow rate and a fixed near-shore mixing zone 

size instead of an intertidal zone and a range of the returning rates. Therefore, only four potential cases 

for each COC (including the baseline case) were defined for OU5 in this deterministic uncertainty 

analysis. The first two cases correspond to the increasing source groundwater concentration condition, 

whereas the other two cases correspond to the steady-source groundwater concentration condition. 

The deterministic approach was designed to provide relative comparisons among the estimated near- 

shore surface water concentrations based on the baseline case assumptions, and the other OU-specific 

alternative cases. Different assumptions for the two major factors (i.e., source concentrations and surface 

water returning rate) were evaluated. In doing so, the level of conservativeness of the baseline case can 

be better understood. All the COCs evaluated in the baseline case were also evaluated in this 

deterministic uncertainty analysis. 

Tables 5-10 through 5-13 present the results of the deterministic uncertainty analysis for surface water. 

Note that the surface water samples collected during the 1996/1997 low-flow sampling events are not 

included in these tables because the two locations are not nearby the modeled areas. The tables list all 

the simulated case- and COC-specific near-shore surface water concentrations as well as the minimum 

and maximum values among all the alternative cases. The COC-specific surface water exposure criteria 

are also listed in the first table. The baseline case is designated as Case 1 in the following tables. For 

the steady state cases, in which only the measured groundwater concentration is used for the 
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TABLE 5-10 

OU2 SUMMARY OF SENSITIVITY RUNS, NEAR-SHORE CHEMICAL CONCENTRATIONS 
OPERABLE UNIT 2 (DRMO SALVAGE YARD) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANLAYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY MAINE 

Unsteady State 

Case 1 
Soil UCL 
GW UCL 

Df=OS 
ug/L 

1.94E-04 

l.liE-04 

1.33E.04 

7.56E-05 

6.16E-04 

3.05E-01 

3.62E-03 

6.95E-03 

l.l6E-05 

5.66E-04 

8.61E-04 

6.75E-06 

l.l6E-03 

1.67E.03 

1.76E-06 

1.76E.06 

l.O5E-09 

Case 2 
Soil UCL 
GW UCL 

Df=O.l 
ug/L 

2.16E-05 

1.24E-05 

1.46E.05 

6.42E.06 

9.09E-05 

3.39E-02 

4.02E-04 

9.94E-04 

1.32E.06 

6.51E-05 

9.76E-05 

7.50E-07 

1.31E-04 

2.07E-04 

1.96E-09 

1.96E.09 

1.17E.10 

earBhon 
Case 3 

Soil UCL 
GW UCL 
Df=1/4 A 

ug/L 

1.52E-07 

6.70E-06 

l.O4E-07 

5.92E-06 

6.39E-07 

2.36E.04 

2.83E-06 

6.99E-06 

9.26E-09 

4.56E-07 

6.66E-07 

5.26E-09 

9.2iE.07 

1.46E-06 

1.36E.11 

1.36E-11 

6.23E-13 

et Nns 
Case 5 

Zoncentrai 
Case 4 

Soil MAX. 
GW MAX. 

Df=0.5 
ug/L 

1.94E-04 

4.79E.03 

4.66E-04 

4.32E.04 

1.06E-02 

l.llE+OO 

5.42E-02 

1.23E-02 

2.31E.04 

1.09E.02 

3.15E.02 

6.75E-06 

6.56G03 

6.46G03 

1.66E-06 

1.76E-06 

l.O5E-09 

Soil MAX. 
GW MAX. 

Df=O.l 
ug/L 

2.16E-05 

5.32E-04 

5.43E-05 

4.60E-05 

1.20E-03 

1.23E-01 

6.02E-03 

1.37G03 

2.57E-05 

1.22G03 

3.50G03 

7.50E.07 

9.51E-04 

9.40E.04 

2.09E-09 

1.96G09 

l.l7E-10 

Case 6 
Soil MAX. 
GW MAX. 
Df=1/4 A 

ug/L 

1.52E-07 

3.74E-06 

3.82E.07 

3.36E-07 

6.42E-06 

6.65E-04 

4.23E-05 

9.61E.06 

1.61E-07 

6.55E-06 

2.46E.05 

5.26E-09 

6.69E-06 

6.61E-06 

1.47E-11 

1.36E.11 

6.23E-13 

T Stead 

Case 7 
GW UCL 

Df=0.5 
WL 

4.15E-06 

l.l5E-06 

1.91E-05 

3.43E-07 

2.61E-06 

2.44E-03 

1.27E-05 

6.95G03 

2.76E-07 

2.60E-05 

4.64E.05 

NA 

1.92E-05 

NA 

1.76G06 

1.76E-06 

l.O5E-09 

N6 
Case 8 

GW UCL 

Df=O.l 
ug/L 

4.61E-07 

1.26E.07 

2.12E.06 

3.61E-06 

2.90E-07 

2.71E-04 

1.41E-06 

9.94E.04 

3.07E-06 

3.11E.06 

5.15E-06 

NA 

2.13E-06 

NA 

1.96E-09 

1.96E-09 

1.17E.10 

r-Shore C 
Case 9 

GW UCL 

Df=1/4 A 
ug/L 

3.24E.09 

6.96E-10 

1.49E-06 

2.66E-10 

2.04E-09 

1.91E-06 

9.69E-09 

6.99E.06 

2.16E-10 

2.19E.06 

3.62E-06 

NA 

1.50E-06 

NA 

1.36E-11 

1.3SE-11 

6.23E-13 

State 
lncentrations 

Maximum 
near-shore 

Cont. 

ug/L 

1.94E-04 

4.79E-03 

4.66E-04 

4.32E-04 

l.O6E-02 

l.llE+OO 

5.42E-02 

1.23E.02 

2.31E.04 

l.O9E-02 

3.15E-02 

6.75E-06 

6.56E-03 

6.46E-03 

1.66E-06 

1.76E-06 

l.O5E-09 

Minimum 
near-shore 

Cont. 

Surface 
Water 

Criteria 

ug/L ug/L 

3.24E-09 07 

6.96E-10 500 

1.49E-06 36 

2.66E.10 50 

2.04E-09 2.9 

1.91E-06 1000 

9.69E-09 6.5 

6.99E-06 10 

2.16E-10 0.025 

2.19E-06 6.3 

3.62E-06 0.92 

5.26E-09 0.01 

1.50E-06 66 

1.46E-06 2 

1.36E-11 0.03 

1.36E.11 0.03 

6.23E-13 l.OOE-03 

NA - Chemicals were not analyzed, due to non-exceedence in groundwater 



TABLE 5-11 

Parameter 

Aluminum 1.96E-03 

Arsenic 1.36E-04 

Cadmium 5.82E-05 

Chromium 8.61 E-05 

y Copper 1.26E-03 

2 Iron 6.71 E-02 

Lead 1.1 OE-04 

Manganese 3.46E-03 

Mercury 2.62E-05 

Nickel 3.05E-03 

Silver 1.03E-03 

Tin 4.02E-05 

Zinc 8.26E-04 

Carbon disulfide 6.58E-03 

4,4’ DDT 2.83E-10 

OU3 SUMMARY OF SENSITIVITY RUNS, NEAR SHORE CHEMICAL CONCENTRATIONS 
OPERABLE UNIT 3 TO CLARK COVE (JILF, WOT, MBI, MBII) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Unsteady State Steady State 

Case 1 
Soil UCL 
GW UCL 

Df=OS 
ug/L 

Near-Shore ( 
Case 2 Case 3 

Soil UCL Soil UCL 
GW UCL GW UCL 

Df=O.l Df=Cal. 
uglL ug/L 

2.20E-04 8.74E-04 

1.51 E-05 599E-05 

6.47E-06 2.57E-05 

9.56E-06 3.80E-05 

1.40E-04 5.57E-04 

9.67E-03 3.84E-02 

1.23E-05 4.87E-05 

3.85E-04 1.53E-03 

2.91E-06 l.l5E-05 

3.39E-04 1.34E-03 

1.14E-04 4.54E-04 

4.47E-06 1.76E-05 

9.16E-05 3.65E-04 

7.31 E-04 2.90E-03 

3.15E-ii 1.25E-10 

kcentrations 
Case4 1 Case5 1 Case6 1 Case7 

Soil MAX. Soil MAX. Soil MAX. GW UCL 
GW MAX. GW MAX. GW MAX. 

D60.5 Df=O.l Df=Cal. Df=0.5 
ug/L ug/L ug/L ug/L 

Nt 
Case 6 

GW UCL 

Df=O.l 
ug/L 

1.93E-06 

7.49E-07 

8.19E-08 

1.65E-08 

230E-07 

4.91 E-04 

7.75E-08 

3.65E-04 

4.57E-08 

1.70E-06 

3.03E-06 

NA 

1.53E-06 

2.60E-04 

1.65E-11 

r-Shore Concentrati 
Case 9 1 Case 10 

GW UCL GW MAX. 

Df=Cal. Df=OS 
ug/L ug/L 

7.65E-06 2.71 E-04 

2.97E-06 8.23E-05 

3.25E-07 2.39E-05 

6.57E-08 1.04E-06 

9.14E-07 6.27E-05 

1.95E-03 4.42E-03 

3.06E-07 1.71 E-05 

1.53E-03 3.46E-03 

1.81 E-07 3.29E-06 

6.75E-06 1.97E-04 

1.20E-05 1.04E-04 

NA NA 

6.08E-06 9.37E-04 

1.03E-03 2.34E-03 

6.57E-11 1.49E-IO 

ns 
Case11 1 Case12 

GW MAX. GW MAX. 

D60.1 Df=Cal. 
ug/L UN- 

3.01 E-05 l.l9E-04 

9.15E-06 3.63E-05 

2.66E-06 l.O5E-05 

1.16E-07 4.61 E-07 

6.96E-06 2.77E-05 

4.91 E-04 1.95E-03 

1.90E-06 7.54E-06 

3.85E-04 1.53E-03 

3.65E-07 1.45E-06 

2.19E-05 8.69E-05 

l.l6E-05 4.59E-05 

NA NA 

1.04E-04 4.13E-04 

2.60E-04 l.O3E-03 

1.65E-11 6.57E-11 

Maximum 
near-shore 

Cont. 

ug/L 

5.08E-03 

3.78E-04 

5.60E-04 

2.24E-03 

2.25E-02 

2.52E-01 

6.20E-03 

3.46E-03 

5.92E-04 

6.91 E-02 

2.08E-02 

4.02E-05 

1.48E-02 

6.58E-03 

2.83E-10 

Minimum 
near-shore 

Cont. 

Surface 
Water 

Criteria 

uglL ug/L 

1.93E-06 87 

7.49E-07 36 

8.19E-08 9.3 

1.65E-08 50 

2.30E-07 2.9 

4.91 E-04 1000 

7.75E-08 8.5 

3.85E-04 10 

4.57E-08 0.025 

1.70E-06 8.3 

3.03E-06 0.92 

4.47E-06 0.01 

1.53E-06 86 

2.60E-04 2 

1.65E-11 0.001 

NA - Chemicals were not analyzed, due to non-exceedence in groundwater. 

a 



Parameter 

Aluminum 

Arsenic 

Cadmium 

Chromium 

Copper 

lrnn 

Lead 

Manganese 

Mercury 

Nickel 

Silver 

Tin 

Zinc 

Carbon disulfide 

1,4’ DDT 

TABLE 5-l 2 

OU3 SUMMARY OF SENSITIVITY RUNS, NEAR-SHORE CHEMICAL CONCENTRATIONS 
OPERABLE UNIT 3 TO BACK CHANNEL (JAMAICA COVE) 

PHASE I MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KIlTERY, MAINE 

Unsteady State Steady State 

Case 1 
Soil UCL 
GW UCL 

Df=0.5 
ug/L 

1.21E-04 

3.93E-05 

3.66E-06 

2.49E-05 

1.71 E-04 

8.90E-02 

4.60E-05 

1.44E-03 

2.59E-06 

8.43E-04 

5.35E-05 

4.06E-07 

2.22E-04 

2.70E-03 

2.82E-08 

Near-Shore Concentrations Near-Shore Concentrations 
Case2 1 Case3 1 Case4 1 Case5 1 Case6 I Case7 I Case6 I Case9 I Case101 Case11 

Soil UCL Soil UCL Soil MAX. Soil MAX. Soil MAX. GW UCL GW UCL GW UCL GW MAX. GW MAX. 
GW UCL GW UCL GW MAX. GW MAX. GW MAX. 

Df=O.l Df=1/4 A Df=O.S Df=O.l Df=ll4 A Df=0.5 Df=O.l Df=ll4 A Df=0.5 Df=O.l 
ug/L uglL ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 

Case 12 Maximum 
GW MAX. near-shore 

Cont. 
Df=ll4 A 

ug/L ug/L 

1.25E-07 1.96E-04 

1 .l OE-07 5.98E-05 

1.79E-09 1.03E-05 

6.26E-07 4.86E-05 

7.17E-08 l.O7E-03 

1.31E-04 1.53E-01 

1.20E-07 1.29E-04 

5.15E-05 1.89E-03 

7.30E-09 2.08E-05 

3.52E-07 2.84E-03 

1.67E-07 7.46E-05 

NA 4.06E-07 

2.38E-07 5.08E-04 

4.14E-05 2.70E-03 

1.67E-17 2.82E-08 

Minimum Surface 
near-shore Water 

Cont. Criteria 

ug/L ug/L 

3.11 E-08 87 

3.19E-08 36 

9.63E-10 9.3 

9.63E-09 50 

l.O7E-08 2.9 

1.31 E-04 1000 

1.64E-08 8.5 

5.15E-05 10 

1.37E-09 0.025 

1.67E-07 8.3 

8.78E-08 0.92 

1.45E-06 0.01 

8.71E-08 86 

4.14E-05 2.00E+OO 

1.67E-17 1 .OOE-03 

NA - Chemicals were not analyzed, due to non-exceedence in groundwater. 



TABLE 5-l 3 

OU5 SUMMARY OF SENSITIVITY RUNS, NEAR-SHORE CHEMICAL CONCENTRATIONS 
OPERABLE UNIT 5 (SITE 27 [BERTH 6 INDUSTRIAL AREA]) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

I I Unsteady State 

Parameter 
Near-Shore Concentrations 

Case 1 I Case 2 
Soil UCL Soil MAX. 
GW UCL GW MAX. 

ug/L ug/L 

Phenanthrene 1.69E-05 2.20E-05 

4,4’ DDT 2.05E-13 2.05E-13 

Steady State 
Near-Shore Concentrations 

Case3 : Czke 4 
GW UCL GW MAX. 

ug/L ug/L 

6.36E-01 6.36E-01 

6.6lE-04 6.6lE-04 

4.59E-05 7.77E-05 

l.lOE-03 l.lOE-03 

4.03E-03 6.57E-03 

l.O2E+OO l.O2E+OO 

7.12E-03 7.12E-03 

'7.46E-01 7.46E-01 

3.95E-06 6.30E-06 

6.36E-04 9.67E-04 

2.10E-04 2.10E-04 

3.6lE-04 4.63E-04 

6.24E-03 l.OOE-02 

NA NA 

NA NA 

NA NA 

NA - Chemicals were not analyzed, due to non-exceedence in groundwater. 

Maximum Minimum Surface 
Near-shore Near-shore Water 

Cont. Cont. Criteria 
ug/L ug/L ug/L 

6.38E-01 

1.79E-02 

2.35E-03 

1.23E-01 

2.6lE-01 

3.36E+Ol 

7.00E-02 

7.46E-01 

2.67E-04 

2.76E-02 

7.17E-03 

l.l6E-02 

7.27E-01 

6.34E-59 

2.20E-05 

2.05E-13 

6.36E-01 

6.6lE-04 

4.59E-05 

l.lOE-03 

4.03E-03 

l.O2E+OO 

7.12E-03 

7.46E-01 

3.95E-06 

6.36E-04 

2.lOE-04 

3.6lE-04 

6.24E-03 

6.34E-59 

1.69E-05 

2.05E-13 

67 

36 

9.3 

50 

2.9 

1000 

6.5 

10 

0.025 

6.3 

71 

0.92 

66 

0.21 

4.6 

1 .OOE-03 
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contaminant input into the model, if a contaminant was not analyzed then the model was not run for that 

case. If the contaminant was not detected in the groundwater then one half of the detection limit was 

used in the calculations. The uncertainty analysis calculations are presented in Appendix C. 

The following observations can be made by comparing these results among the 12 cases simulated and 

comparing them with the exposure criteria: 

l All the predicted surface water concentrations are below the screening criteria for all areas modeled 

l The unsteady state assumption (i.e., groundwater concentration can increase) leads to higher, yet still 

acceptable, surface water concentrations. 

l The baseline case always ranks among the highest three cases among the 12 alternative cases. 

As with the baseline case, the modeled surface water concentrations are very low. This is due primarily a 

result of the relatively high sediment Kd values indicating the contaminants tend to bind to the sediments 

before they can migrate to the surface water. 

5.2.2.3 Probabilistic Uncertainty Analysis - Surface Water 

Probabilistic Approach 

The probabilistic approach is intended to assist in assessing uncertainty of various model parameters. 

The probabilistic approach provides a statistical description for the possible output values from the model 

based on statistical description of the input parameters. Unlike the deterministic approach, all five current 

major sources of uncertainties described (i.e., soil and groundwater concentrations in the source areas, 

the soil & values, the sediment b values, and the near-shore surface water return rate Df) were 

evaluated in a probabilistic uncertainty analysis. The Monte Carlo simulation technique was applied in 

this approach. This approach was designed to provide statistical descriptions of the possible ranges of 

COC-specific, near-shore surface water and sediment concentrations. The Monte Carlo simulation 

technique allows evaluations of the combined model uncertainty because of uncertainties associated with 

multiple model parameters. However, this approach does not change the constant source assumption, 

so the estimated ranges may still be generally higher than the actual conditions. The concentration is still 

assumed to be located 1 foot from the shoreline, minimizing dilution effects. Relative sensitivities of the 

near-shore surface water and sediment concentrations to the five major sources of uncertainties were 

also quantified in this approach. The sediment uncertainty analysis results are presented in Section 5.3. 
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Monte Carlo simulation is simply a repeated process of generating deterministic solutions to a given 

problem. A large number of model simulations are generated, each with a set of randomly generated input 

values that are generated according parameter-specific probability density functions. Results of all 

individual model simulations are then combined and statistically analyzed to define the possible 

distribution of the model predictions. In theory, this distribution can be used to represent the probability of 

the actual conditions. To achieve an acceptable resolution, a Monte Carlo simulation requires a 

sufficiently large number of “trials” (i.e., each deterministic solution based on the randomly generated 

input), usually in the range of at least thousands. Because of their simplicity, the Phase l/Phase II 

analytical models are particularly suitable for conducting Monte Carlo simulations. The Excel spreadsheet 

and Crystal Ball module (Decisioneering, .1988) were used to implement the Monte Carlo simulations in 

both the Phase I and Phase II modeling study. 

By comparing the baseline results with the range of possible conditions provided by Monte Carlo 

simulations, the level of conservativeness of the baseline case can be determined. However, because of 

the complexity of the probabilistic approach, four critical representative COCs were evaluated for each 

source area. The four COCs were selected based on whether a COC was classified as an off-shore COC 

in the off-shore EERA and the relative size of a COC’s surface water impact zone (i.e., the size of mixing 

zone required to reach the COC-specific surface water exposure criteria as listed in Appendix C). As 

expected, copper and lead were identified as representative COCs and were evaluated in all four source 

areas in the probabilistic uncertainty analysis. The remaining COCs varied with source area and included 

arsenic, mercury, nickel and silver. 

The assumed probability density functions for the five parameters’ statistics of the simulated, COC- 

specific, near-shore surface water concentrations from the probabilistic uncertainty analysis approach are 

summarized in Tables 5-14 through 5-18 for the four areas modeled. The inputs for the probabilistic 

uncertainty analysis (assumed distribution and inputs to describe the distribution) have not changed from 

the Phase I modeling study for the soil source concentrations, the soil Kds, and the return rate. The 

inputs for the groundwater source terms have been revised based on the low-flow groundwater sampling 

data (as have all of the groundwater inputs in the Phase II modeling). The assumed probability 

distribution for the sediment Kd values, determined based on site data, was not changed from the Phase I 

modeling; however, the maximum and minimum range of values used to bound the Monte Carlo 

simulation was updated based on the calculation from the sediment Kd from the porewater/sediment 

pairs. The range of sediment Kd values presented in the Phase II work plan was based on the calculation 

of the sediment Kd values from seep/sediment pairs of data. This range of values was retained in the 

Monte Carlo simulation unless the baseline sediment Kd (based on the porewater) fell outside this range. 
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TABLE 5-14 

OU2 SUMMARY OF UNCERTAINTY ANALYSIS (MONTE CARLO SIMULATION) 
OPERABLE UNIT 2 (DRMO SALVAGE YARD) 

PHASE II’MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

T Input Assumptions 
Kd (soil) 

Uniform Dist. 
Parameter Kd (sediment) Return Rate 

Uniform Dist. Uniform Dist. 
Soil Concentration 
Log Normal Dist. 

GW Concentration 
Log Normal Dist. 
(low-flow data) 

5ilrj-r Max 
UI 

Mm 
I L, 

Mm 

29 31 31 

35 258’ 1;665 

270 1,405 1,208 

52 200 119 

-tiG? 
Arsenic 17.28 

Copper 1,244 

-cad 8,623 

blercury 1.58 

bsEzir 
Dev. 

12.56 

3,710 

32,450 

3.60 

Mean 

9.63 

13.30 

12.53 

0.0442 

Dev. 

21.08 

22.70 

33.01 

0.0606 

0.5 

0.5 

0.5 

0.5 

Forecast I I 
Parameter 

Forecast 
Near-Shore Cont. Baseline Surface 

95% IMaximum 1 Median Surfacewater Water 
Sediment 
Criteria 

I upper I I 1 Concentration I Criteria 

I limit, 
I 

95% 
upper 
limit 

sdiment Cont. Baseline 
Maximum Median Sediment 

Concentration 

ug/L ug/L ug/L ug/L ug/L mg/kg mg/kg mg/kg mg/kg mg/kg 

0.0010 0.01860 0.00011 0.00013 36.0 478 1,730 126 298 70 

0.00090 0.05930 0.00003 0.0008 2.9 31 s;,ooo 4,930,ooo 17,100 200,241 270 

0.0005 0.0366 0.00002 0.0036 8.5 640,000 26,800,OOO 31,800 70,495 218 

8.94E-06 2.21 E-04 5.18E-07 l.l8E-05 2.50E-02 50 636 3.77 2.68 0.71 

Arsenic 

Copper 

Lead 

Mercury 



TABLE 5-15 

OU3 SUMMARY OF UNCERTAINTY ANALYSIS (MONTE CARLO SIMULATION) 
OPERABLE UNIT 3 TO CLARK COVE (JILF, WOT, MBI, MBII) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Parameter L 
Parameter 

Copper 

Lead 

Mercury 

Nickel 

Soil Concentration GW Concentration 
Log Normal Dist. Log Normal Dist.’ 

Input Assumptions 
Kd (soil) 

Uniform Dist. 
Kd (sediment) 
Uniform Dist. 

Return Rate 
Uniform Dist. 

(low-flow data) (low-flow data) 
mglkg mglkg ug/L ug/L Ukg Ukg L/kg L/kg 

Mean Mean Stand. Stand. Mean Mean Stand. Stand. Mm Mm Max Max Mtn Mtn Max Max Mtn Mtn Max Max 
Dev. Dev. Dev. Dev. 

I 
1154 3452 28.09 124.64 35 258 1,665 126,400 0.306 0.5 1154 1 3452 1 28.09 1 124.64 35 258 1,665 126,400 0.306 0.5 I 1 1 1 1 

637 3707 5.67 18.07 270 1405 1,208 253,948 0.306 0.5 

0.55 1.04 0.041 0.0653 52 200 119 16,000 0.306 0.5 

135 409 32.2 89.83 65 3600 384 9,725 0.306 0.5 

Forecast Forecast 
Near-Shore Cont. Baseline Surface 

95% Maximum Median Surfacewater Water 
upper Concentration Criteria 
limit 

ug/L ug/L ug/L ug/L ug/L 

0.00075 0.02490 0.000031 0.00126 2.9 

0.00003 0.00502 0.000001 0.00011 8.5 151,000 

3.58E-06 7.27E-05 1.96E-07 2.62E-05 2.50E-02 56 

0.00015 0.00467 0.000008 0.00305 8.3 . 1,380 

1 Concentration ( 

mg/kg mglkg 

19,200,000 .- 59,200 

mglkg 

449,697 

Sediment 
Criteria 

mglkg 

270 

218 

0.71 

52 



Parameter r 
Copper 

Lead 

Mercury 

1 Nickel 
cp 
G: 

Parameter L 
Copper 

Lead 

i 

Mercury 

Nickel 

TABLE 5-16 

OU3 SUMMARY OF UNCERTAINTY ANALYSIS (MONTE CARLO SIMULATION) 
OPERABLE UNIT 3 TO JILF BACK CHANNEL AREA (JAMAICA COVE) 
PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 

PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

1 

Soil Concentration 
Log Normal Dist. 

336 

140 

0.91 

40.7 

%TziiaT 
Dev. 

821 

185 

1.62 

28.5 

GW Concentration 
Log Normal Dist. 
(low-flow data) 

Mean 

10.14 

3.96 

0.077 

8.35 

Dev. 

22.52 

7.93 

0.17 

10.67 

Forecast I 
Near-Shore Cont. Baseline 

95% Maximum Median Surfacewater 
upper Concentration 
limit 

Input Assumptions 
Kd (soil) 

Uniform Dist. 

L 
Mm 

35 258 

270 1405 

52 200 

65 3600 
L 

Kd (sediment) Return Rate 
Uniform Dist. Uniform Dist. 

L 
Mm 

,665 

,208 

119 

384 L 

hii- 
126,400 

253,948 

16,000 

9,725 

Mm 

0.0345 

0.0345 

0.0345 

0.0345 

Max 

0.5 

0.5 

0.5 

0.5 

Surface 
Water 
Criteria 

lim/t 

mglkg mglkg mg/kg mg/kg mg/kg 



TABLE 5-17 

8 
% 
8 

OU5 SUMMARY OF UNCERTAINTY ANALYSIS (MONTE CARLO SIMULATION) 
5 OPERABLE UNIT 5 (SITE 27 [BERTH 6 INDUSTRIAL AREA]) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALnlCAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Parameter Soil Concentration 
Log Normal.Dist. 

Input Assumptions 
GW Concentration Kd (soil) Kd (sediment) 
Log Normal Dist. Uniform Dist. Uniform Dist. 

I I (low-flow data) I I 
mg/kg ug/L . L/kg I L/kg 

Mean I Stand. I Mean I Stand. I Mln I Max I Mln I Max 

Copper 86.5 

Lead 195 

Mercury 0.34 

Silver 3.23 

Dev. 

97.5 

244 

0.19 

1.31 

17.58 

11.03 

0.03 

3.05 

Dev. 

17.18 

20.74 

0.0199 

0.65 

35 258 j ,665 126,400 

270 1405 1,208 253,948 

52 200 119 16,000 

8.3 110 32 3,520 

Parameter 

Copper 

Lead 

Mercury 

Silver 

I Forecast I I I 

limit 

ug/L ug/L ug/L ug/L ug/L 

7.42E-02 6.54E-01 1.33E-02 2.61 E-01 2.9 

2.82E-02 1.48E-01 4.98E-03 7.00E-02 8.5 

2.13E-04 6.98E-04 7.36E-05 2.87E-04 4.6 

7.28E-03 2.60E-02 1.64E-03 l.l6E-02 8.3 
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TABLE 5-15 

:OMPARISONS OF BASELINE MODEL RESULTS WITH UNCERTAINTY ANALYSIS (MONTE CARLO SIMULATION) 
FOR NEAR-SHORE CONCENTRATIONS 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KIT-TERY, MAINE 

( 

1 

( 

I 

I 

( 

( 

I 

I 

I 

( 

( 

I 

I 

I 

( 

( 

I 

I 

! 

Parameter 

Uncertainty Analysis 
(Monte Carlo Simulation) 

Forecast of Near-Shore Surface Water Cont. 

3U2 (DRMO SALVAGE YARD) 

4rsenic 0.0010 

Zapper 0.00090 

-cad o.oooi 

Mercury 8.94E-08 

Model 
Near-shore 

Concentration 

U@L 

Surface 
Water 

Criteria 

U@L 

0.00467 1 0.0000081 0.00305 

JAMAICA COVE) 

3.23E-03 2.46E-06 1.71 E-04 

2.9 

8.5 

2.50E-02 

8.3 

3U3 TO BACK CHANNEL AREA 

5.18E-05 
I 

1.46E-07 
I 

4.60E-05 

1.55E-04 
I 

7.74E-08 
I 

2.59E-06 

2.04E-04 9.53E-07 1 8.43E-04 

2.9 

8.5 

2.50E-02 

8.3 

Zapper 0.074 0.654 0.013 0.261 2.9 

-cad 0.028 0.148 - 0.005 0.070 8.5 

Mercury 0.0002 0.0007 0.0001 0.0003 2.50E-02 

Silver 0.0073 0.0260 0.0016 0.0116 8.3 

‘, MBI, MBII) 

0.02490 0.000031 0.00126 

0.00502 
I 

0.000001 
I 

0.00011 

7.27E-05 
I 

1.96E-07 
I 

2.62E-05 
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To be conservative, if the baseline sediment Kd was below this range, the minimum Kd used in the Monte 

Carlo simulation was based on the minimum Kd calculated for PNS from porewater/sediment pairs. 

Similarly, if the baseline Kd was higher than the range proposed in the Phase II work plan, then the 

maximum Kd used in the Monte Carlo simulation was based on the maximum Kd calculated for PNS from 

porewater/sediment pairs. 

Probabilistic Surface Water Results 

Tables 5-14 through 5-18 present the results of the probabilistic uncertainty analysis for both surface 

water and sediment for OU2, OU3 Clark Cove, OU3 to the Back Channel (Jamaica Cove), and OU5, 

respectively. The surface water results are discussed in this section and the sediment results are 

discussed in Section 5.3. Figure 5-l presents a sample of the Monte Carlo input (for lead at OU2). 

Figures 5-2 and 5-3 present a sample output from the Monte Carlo simulation (for lead at OU2) 

considering sediments as the forecasted output from the model. Similar forecasts for both sediment and 

surface water are provided in Appendix C. Figure 5-2 presents the relative sensitivities of the five inputs 

to the Monte Carlo simulation. The larger the bar on the sensitivity chart, the more sensitive the 

parameter. Also shown on Figure 5-2 are the percentiles of the simulated surface water concentrations. 

For instance, 95 percent of the forecast near-shore sediment concentration for lead at OU2 are below 

6.4 x IO5 mg/kg. Figure 5-3 provides a summary of all the Monte Carlo output and a graph of the 

probability distribution of the calculated surface water concentration for lead at OU2. Similar input and 

output graphs are provided in Appendix C for other chemicals at OU2, as well as OU3 and OU5 

chemicals, as well as additional details on the input assumptions and resulting statistical output. As 

mentioned earlier, the four most critical off-shore COCs were evaluated in each source area (refer to 

Tables 5-14 through 5-17). Table 5-18 presents an overall summary of comparison for the surface water 

concentration between the Monte Carlo simulation and the baseline model. 

Generally, the probabilistic surface water results are similar to the baseline and deterministic uncertainty 

analysis results in that the predicted surface water concentrations are well below the surface water 

criteria for all chemicals for all the modeling source areas. Tables 5-14 through 5-17 presents three 

columns of results (predicted 95 percent upper confidence limit, the maximum predicted concentration 

and the median predicted concentration). In addition, the baseline surface water concentration and the 

surface water criteria are also provided for reference in the tables. Most of the baseline predicted 

concentrations fall between the maximum and the 95 percent upper confidence limit values predicted 

from the uncertainty analysis. This indicates that the baseline case is conservative relative to the possible 

inputs into the model. 
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FIGURE 5-l 

SAMPLE INPUT TO THE MONTE CARLO SIMULATION 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Assumption: gw cont. 
AssumDtions 

Lognormal distribution with parameters: 
Mean 1.25E+Ol 
Standard Dev. 3.30E+Ol 

Selected range is from O.OOE+O to +Infinity 
Mean value in simulation was 1.29E+l 

Assumption: soil cont. Cell: D42 

Lognormal distribution with parameters: 
Mean 8.62E+03 
Standard Dev. 3.25E+04 

Selected range is from O.OOE+O to +Infinity 
Mean value in simulation was 8.25E+3 

Assumption: kd soil 

Uniform distribution with parameters: 
Minimum 2.70E+02 
Maximum 1.41 E+03 

Mean value in simulation was 8.33E+2 

Assumption: kd sed. 

Uniform distribution with parameters: 
Minimum 1,208 
Maximum 253,948 

Mean value in simulation was 129,142 

Assumption: Df 

Uniform distribution with parameters: 
Minimum 0.00 
Maximum 0.50 

Cell: C42 

Cell: E42 

Cell: H42 

kll Ild. 
1 I 
1 I w 

Cell: HI5 

1 

099806/P 

Mean value in simulation was 0.25 
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FIGURE 5-2 

SAMPLE RELATIVE SENSITIVITY AND PERCENTILE FORECASTS 
FROM THE MONTE CARLO SIMULATION 

PORTSMOUTH NAVAL SHIPYARD, KIiTERY, MAINE 

Crystal Ball Report 
Simulation started on g/9/98 at 16:12:45 
Simulation stopped on g/9/98 at 16:14:29 

Sensitivity Chart 

Target Forecast: sediment cont.; lead ; OU2 

soil covx .&I 

kd Sal .42 

kdSdl 43 

a .m 

gNcmlc. 02 

0.5 0 0.5 

Measured by Rank Cam&lion 

Forecast: sediment cont.; lead ; OU2 (cont’d) 

Percentiles: 

Cell: BG19 

Percentile mn/kq 
0.0% 2.74E+Ol 
2.5% 6.80E+02 
5.0% 1.39E+03 

50.0% 3.18E+04 
95.0% 6.40E+05 
97.5% l.l2E+06 

100.0% 2.68E+07 
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FIGURE 5-3 

SAMPLE SUMMARY OUTPUT FROM THE MONTE CARLO SIMULATION 
PORTSMOUTH NAVAL SHlPYARD, KITTEPY, MAINE 

Forecast: sediment cont.; lead ; OU2 

Summary: 
Display Range is from O.OOE+O to 2.25E+6 mg/kg 
Entire Range is from 2.74E+l to 2.68E+7 mg/kg 
After 3,000 Trials, the Std. Error of the Mean is 1.42E+4 

Statistics: 
Trials 
Mean 
Median 
Mode 
Standard Deviation 
Variance 
Skewness 
Kurtosis 
Coeff. of Variability 
Range .Minimum 
Range Maximum 
Range Width 
Mean Std. Error 

Cell: BG19 

Value 
3000 

1.74E+05 
3.18E+04 

--- 
7.78E+05 
6.05E+ll 

19.66 
547.41 

4.46 
2.74E+Ol 
2.68E+07 
2.68E+07 
1.42E+04 

Forecast: sediment cbnc.; lead ; OU2 

3,000 Trials Frequency Chart 34 OuUiers 

.425 1276 
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5.3 SEDIMENT RESULTS 

The sediment results section is discussed in the following two subsections, the baseline results and the 

uncertainty analysis. The uncertainty analysis approach was discussed in Section 5.2 and is not 

repeated in this section; only the results of the sediment uncertainty analysis are discussed. 

5.3.1 Baseline Sediment Results 

Tables 5-19 through 5-21 present the estimated baseline sediment concentrations. The estimated 

sediment values are compared with sediment criteria to give a rough idea of the acceptability of the 

sediment concentrations. The modeling of OU5 follows the same approach that was used in the Phase I 

modeling. Specifically, at OU5 groundwater discharges directly through the seawall to the surface water 

and not through a sediment layer because of the seawall at this site; therefore, sediment concentration 

was not estimated for OU5. The baseline sediment calculations are presented in Appendix B. 

For OU2, all the predicted sediment concentrations exceeded the sediment criteria except 4,4’-DDT. This 

same trend was repeated for OU3 at both the Clark Cove and the Back Channel Area (Jamaica Cove) 

modeling areas although 4,4’-DDT exceeded the criteria at the back channel area. Generally, the 

baseline sediment concentrations exceeded the criteria by one to two orders of magnitude. 

The sources of the sediment criteria were primarily based on Effects Range Median values (ER-M)(Long 

et al., 1995) the same as used for comparison in the Phase I modeling. The sources of all of the 

sediment criteria are footnoted on the tables. Concentrations higher than ER-M values (the median value 

of concentrations where toxic effects were observed) indicate likely toxicity; however, this does not mean 

that concentrations below ER-M values do not have toxic effects. Effects Range Low (ER-L) values (the 

concentration at which the lower IO’” percentile of observations showed a toxic effect) are also available, 

which are more stringent and represent a more conservative criteria for comparison. If all the predicted 

sediment concentrations for a particular source area were lower than the ER-M value, it would be 

appropriate to also do a comparison with ER-L values to evaluate if potential adverse effects may be 

occurring or may occur in the future. Because nearly all the predicted sediment concentrations are much 

higher than the ER-M, a separate comparison with ER-L values would not provide additional information 

because by definition the ER-L values will also be exceeded. Of note, however, the ER-L for 4,4’-DDT is 

0.001 mg/kg and so 4,4’-DDT is not a problem for Clark Cove but is exceeded at OU2. 

The estimated sediment concentrations are also compared with measured sediment concentrations taken 

from the RFI Report (McLaren/Hart, 1992a), the EERA (NCCOSC[nearing finalization], 1995) and 

sediment samples taken during rounds 7 through 10. The measured sediment concentrations are 
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COMPARISON OF CALCULATED SEDIMENT CONCENTRATIONS WITH CRITERIA 
OPERABLE UNIT 2 (DRMO SALVAGE YARD) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

--- Not available 

1 Long, E.R., and Morgan, 1990, ER-M ; Effects range median 
2 Long, et. al., 1995, ER-M ; Effects range median 
3 John, et. al., 1996, Lowest effects level 
4 From reference 2 for total PCBs 
5 Predicted concentrations in excess of 1 x 106 mg/kg were predicted numerically by the model. 

However, concentrations above lx 106 mg/kg have no physical meaning since this concentration 
is more than 100% pure. The anomaly is related to use of a sediment core sample since a 
more representative peeper sediment sample was not available. Statistical analysis for iron 
indicates significant variations and an undefined statistical distribution. 

Bold cells indicate that calculated sediment concentrations exceed the sediment criteria. 
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TABLE 5-20 

COMPARISON OF CALCULATED SEDIMENT CONCENTRATIONS 
WITH CRITERIA AND MEASURED DATA 

OPERABLE UNIT 3 TO CLARK COVE (JILF, WOT, MBI, AND MBII) 
PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 

PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

PNS COCs 

/ 

Calculated 
Sediment Cont. 
Cnear (baseline) 

wlkg 

1,927,538 

359 

Measured Sediment Cont. (5) Measured Sediment Cont. (6) 
Min Max Mean Min Max Mean 

Sediment 
Criteria 

Sediment 
Criteria 

Reference 

Measure 
Min 

I Sediment Cont. (4) 

mglkg 
-__ 

70 

10 

m!#g 
__- 

4.000 

2.300 

27.000 

7.000 

-_- 

2 

1 Cadmium 7.9 

Chromium 48.938 370 2 

449,697 270 2 

20.000 4,264,721 (” 

9,113 218 

460 

0.71 

7.756 - 

0.82 0.100 

I Nickel 35.855 52 2 10.000 30.700 1 23.300 

Carbon disultide 

2 A-=- 11 

47,353 

49,888 

0.0015 

3.70 

--_ 

410 

-- 

- -  I -  -- 

2 

_-- 

__- 

17,OO 1 lo,,,8 29.000 

-- ___ 

0.0008 0.007 2 

-- Not Available 
1 Long, E.R., and Morgan. 1990, ER-M ; Effects range median 
2 Long, et. al., 1995, ER-M ; Effects range median 
3 John, et. al., 1996, Lowest effects level 
4 Sediment concentrations from samples taken for the RFI report (McLarenlHart, 1992) samples 

2 
taken in Clark Cove. 

0 5 Sediment data taken from EERA (NCCOSC, 1995) Appendix VI.C, for Clark Cove 
2 6 Sediment data were collected during the recent sampling events, round 7 (December 1996) round 8 (April 1997) round 9 (August 1997) and round 10 (November 199 
8 samples taken in Clark Cove. 

7 Predicted concentrations in excess of 1 x lo6 mglkg were predicted numerically by the model. However, concentrations above lx IO6 mglkg have no physical meanin 
. since this concentration is more than 100% pure. 

Bold cells indicate that calculated sediment concentrations exceed the sediment criteria. 



TABLE 5-21 

COMPARISON OF CALCULATED SEDIMENT CONCENTRATIONS 
WITH CRITERIA AND MEASURED DATA 

OPERABLE UNIT 3 TO JILF BACK CHANNEL AREA (JAMAICA COVE) 
PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 

PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

--- Not Available 
1 Long, E.R., and Morgan, 1990, ER-M ; Effects range median 
2 Long, et. al., 1995, ER-M ; Effects range median 
3 John, et. al., 1996, Lowest effects level 
4 Sediment concentrations from samples taken for the RFI report (McLarenlHart, 1992a), samples 

taken in Clark Cove. 
5 Sediment data taken from EERA (NCCOSC, 1995) Appendix VI.C.1, for the Back Channel. 
6 Sediment data were collected during the recent sampling events, round 7 (December 1996) round 8 (April 1997) round 9 (August 1997) and 

round 10 (November 1997) samples taken in Back Channel area. Samples BC-1017, BC-1018, and BC-1020, located further West of 
modeled back channel area, were not included. 

7 Predicted concentrations in excess of 1 x lo8 mglkg were predicted numerically by the model. However, concentrations above ix 10’ mglkg hav 
no physical meaning since this concentration is more than 100% pure. 

Bold cells indicate that calculated sediment concentrations exceed the sediment criteria. 
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presented as were available for two of the four source areas in Tables 5-20 and 5-21. Sediment samples 

were not collected directly off-shore of OU2; therefore, no sediment measured data are presented in 

Table 5-19 and no comparison could be made. As previously discussed, sediment concentration was not 

estimated for OU5. Estimated sediment concentrations are compared to measured concentrations for 

Clark Cove and the Back Channel (Jamaica Cove) in Tables 5-20 and 5-21. Note not all available 

sediment samples were included but just those associated with the given source areas (e.g. sediment 

samples near Topeka Pier were excluded). Figures 5-4 and 5-5 summarize all the predicted sediment 

concentrations, measured data, and sediment criteria, for Clarks Cove and the Back Channel (Jamaica 

Cove), respectively. As can be seen from these figures, the predicted sediment concentration is 

generally higher than the maximum of the measured sediment concentrations from rounds 7 though 10. 

It can be seen from the figures that although the model is consistently predicting the sediment 

concentration higher than measured, the general trend of the predictions matches the measured data 

(i.e., chemicals with relatively higher measured concentrations also have relatively higher predicted 

concentrations). Based on these figures it can be seen that the model is consistently predicting 

conservative sediment concentrations; however, it is predicting concentrations that correlate to the 

measured data. 

The model was designed to be very conservative so that over prediction is not to be completely 

unexpected. The model predicted concentrations represent the maximum concentrations without 

consideration of time (i.e., the model does not predict how long it will take for the sediment concentrations 

to reach the predicted maximum concentration). The model only predicts the steady state concentration 

in the surface water and sediment assuming an infinite mass of contamination in the source area. In 

reality, as contamination migrates away from the source areas, the source area concentration should 

decrease; however, the model assumes that it is constant which is a conservative assumption. In reality it 

could take hundreds or thousands of years to reach the maximum predicted sediment concentration; 

however, to keep the model simple and conservative (predicting only the maximum over time is 

conservative) this was not included in the Phase I/Phase II model. 

5.3.2 Uncertainty Analysis - Sediment 

The uncertainly analysis for the sediment followed the same procedures outlined in Section 5.2 with only 

a different output considered from the uncertainty analysis. This section is divided into the following two 

subsections: deterministic and probabilistic uncertainty analyses. Descriptions of the uncertainty 

analysis approach and inputs are described in greater detail in Section 5.2. 
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5.3.2.1 Deterministic Uncertainty Analysis -Sediment 

Tables 5-22 through 5-24 present the results of the deterministic uncertainty analysis for sediment for 

source areas at OU2, OU3 Clark Clove, and OU3 Back Channel (Jamaica Cove), respectively. The same 

cases that were run for the surface water uncertainty analysis were run for the sediment. The tables list 

all the simulated case- and COC-specific sediment concentrations as well as the minimum and maximum 

values among all the alternative cases. The COC-specific sediment water exposure criteria are also 

listed in the first table. The baseline case is designated as Case 1 in the following tables. For the cases 

in which the return rate was varied and other parameters held the same, (Cases 1,2,3, Cases 4,5,6, etc.), 

the results for sediment were essentially the same (within the number of significant digits presented). 

Only one result is presented for each group of three cases. This indicates that the off-shore return rate 

(i.e., the rate of return of contaminants due to tidal mixing) has very little effect on the predicted sediment 

concentration. The uncertainty analysis calculations are presented in Appendix C. 

The following observations can be made by comparing these results among the 12 cases simulated and 

comparing them with the exposure criteria: 

The majority of the COCs exceed the sediment criteria for the unsteady-state cases (Cases 1 through 

6) where the potential for the groundwater concentration to continue to increase due to leaching from 

the soil is featured. 

Under the steady state assumption (which assumes the measured groundwater concentration was 

essentially at steady state when the samples were taken) (i.e., not increasing in the future) the 

predicted sediment concentrations are generally the same order of magnitude as the sediment criteria 

used for modeling purposes. 

The baseline case always ranks among the highest cases of the 12 alternative cases (usually the 

second highest). 

Copper, nickel, manganese, and zinc exceeded the sediment criteria for all cases for all the source 

areas. However, the manganese criteria reflects the more stringent ER-L rather than the ER-M. 

5.3.2.2 Probabilistic Uncertainty Analysis - Sediment 

Tables 5-14 through 5-18 present the results of the probabilistic uncertainty analysis for both surface 

water and sediment for OU2, OU3 Clark Cove, OU3 to the Back Channel (Jamaica Cove), and OU5, 
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TABLE 5-22 

OU2 SUMMARY OF SENSITIVITY RUNS, SEDIMENT CONCENTRATIONS 
OPERABLE UNIT 2 (DRMO SALVAGE YARD) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY MAINE 

NA - Not analyzed or not detected 

a 
9 
8 

-- Not Available 
1 PNS site-specific sediment were calculated using sediment/porewater data from round 10 and URI respectively for all cases. Calculations 

are provided in Attachment A.1 of Appendix A. 
2 Predicted concentrations in excess of 1 x IO6 mglkg were predicted numerically by the model. However, concentrations above IX IO6 mglkg 

have no physical meaning since this concentration is more than 100% pure. 
3 Input concentrations are based on unfiltered data. 



TABLE 5-23 

OU3 SUMMARY OF SENSITIVITY RUNS, SEDIMENT CONCENTRATIONS 
OPERABLE UNIT 3 TO CLARK COVE (JILF, WOT, MBI, MBII) 

PHASE II MODELING, ON-SHOkEIOFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY MAINE 

Unsteady State I Steady State I - 

Parameter 
Sediment Concentrations 

Cases1,2&3 1 Cases4,5&6 
Sediment Cdncentrations 

Cases 7,8 & 9 1 Cases IO,11 & 12 Maximum 
(Df=OS, 0.1 & l/4 A) (Df=OS, 0.1 & l/4 A) (Df=OS, 0.1 8 114 A) (Df=0.5, 0.1 8 114 A) Sediment 

Soil UCL Soil MAX. GW UCL GW MAX. Cont. 
GW UCL GW MAX. 

mcdkg mg/kg mg/kg mcdkg wdkg 
Aluminum 1,927,538 4,940,642 16,876 263,324 4,940,642 

Arsenic 350 974 17 212 974 

Carbon disulfide 0.0015 0.0015 0.0005 0.0005 1 0.0015 

4,4’DDT 0.0008 0.0008 0.0004 0.0004 1 0.0008 

0.10 1 9.60 

NA- Not analyzed or not detected 
--- = Not Available 
1 PNS site-specific sediment were calculated using sedimentiporewater data from round ,lO and URI respectively for all cases. Calculations 

are provided in Attachment A.1 of Appendix A. 
2 Input concentrations are based on unfiltered data. 



z 
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TABLE 5-24 
Fsl 
3 OU3 SUMMARY OF SENSITIVITY RUNS, SEDIMENT CONCENTRATIONS 

OPERABLE UNIT 3 TO JILF BACK CHANNEL AREA (JAMAICA COVE) 
PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 

PORTSMOUTH NAVAL SHIPYARD, KITTERY MAINE 

Parameter r Unsteady State 
Sediment Concentrations 

CasesI, 1 Cases4,5&6 

Steady State 
Sediment Concentrations 

dases 7,8 & 9 Cases IO,11 & 12 
(Df=0.5, 0.1 & I/4 A) (Df=0.5, 0.1 8 114 A) 

GW UCL GW MAX. 

w/kg. mcdkg 
32,473 130,214 

17 57 

0.550 1.02 

412 26,799 

679 4,540 

60,227 60,227 

47. 341 

6,315 6,315 

0.37 1.95 

64 134 

1.17 2.23 

NA ' NA 

780 2,127 

0.0020 0.0020 

5.77E-09 5.77E-09 

Maximum 
Sediment 

Cone. 

w/kg 
7.290.266 

Minimum 
Sediment 

Cont. 

mg/kg 
32.473 

Sediment 
Criteria 

mglkg 
-- 

(Dti0.5, 0.1 & II4 A) (Df=0.5, 0.1 8 114 A) 
Soil UCL Soil MAX. 
GW UCL GW MAX. 

mg/kg mg/kg 
4,510,692 7,290,266 

728 1,109 

75 211 

38,188 74,373 

386,718 2,417,747 

1.458.461 2.501.551 

1 Aluminum 

17 

0.55 

412 

70 

9.60 

370 E 
2.417.747 679 270 

2,501,551 

13,060 

8.299 

60,227 

47 

6.315 

20000 

218 

460 

199 

38,680 

36 26 I 36 

955 955 -- 

162,884 780 410 

0.0046 0.0020 - 

3.48E-01 5.77&09 7.00E-03 

NA- Not analyzed or not detected 

a 
--- = Not Available 
1 

2 
PNS site-specific sediment were calculated using sedimentlporewater data from round 10 and URI respectively for all cases. Calculations 

8 
are provided in Attachment A.1 of Appendix A. 

2 Input concentrations are based on unfiltered data. 
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respectively. The sediment results are discussed in this section and the surface water results are 

discussed in Section 5.2.2.2. 

Generally, the probabilistic sediment results are similar to the baseline and deterministic uncertainty 

analysis results in that the predicted sediment concentrations are generally higher than the sediment 

criteria for most chemicals for all the modeling source areas. Similar to the surface water results, Tables 

5-14 through 5-17 also present three columns of results for sediment (predicted 95 percent upper 

confidence limit, the maximum predicted concentration, and the median predicted concentration). In 

addition, the baseline sediment concentration and the sediment criteria are also provided for reference in 

the tables. Table 5-25 summarizes the probabilistic sediment uncertainty analysis. Most of the baseline 

predicted concentrations fall between the median and the 95 percent upper confidence limit values for 

greater predicted from the uncertainty analysis except for mercury at OU2 and Clark Cove, which is 

marginally below the median. This indicates that the baseline sediment concentrations are conservative 

relative to the possible inputs into the model, but not as conservative as the predicted baseline surface 

water concentrations, which were generally between the 95 percent upper confidence limit and the 

maximum concentrations. The baseline sediment Kd was selected to be realistic (neither high nor low) as 

possible. Because the sediment Kd splits the contaminant mass to the liquid phase and the solid phase. 

A high sediment Kd would be conservative with respect to the predicted sediment concentration; 

however, it would not be conservative with respect to the predicted surface water concentration. The 

baseline sediment Kd value is located more to the center of the possible range of sediment Kd values 

rather than being biased high (which would be conservative for sediment). The predicted sediment 

concentration is less conservative relative to the predicted surface water concentration because the 

predicted sediment concentration is affected less than the surface water by the other conservative inputs 

into the model (e.g., the return rate) and is affected more by the more realistic sediment Kd value used in 

the model. 

Porewater was not a specific output of the Phase II model; however, the porewater concentration is 

estimated in the model as an intermediate step in calculating the sediment concentration. With directly 

measured porewater data available, a comparison is made between the baseline predicted porewater 

concentrations and the measured concentrations. Porewater was not measured at OU2 or OU5, so 

porewater comparisons could only be made for OU3 Clark Cove and OU3 Back Channel (Jamaica Cove). 

Tables 5-26 and 5-27 present the comparison for these two areas, respectively. Tables show that the 

calculated porewater concentration is usually one to two orders of magnitude higher than the measured 

concentrations. This corresponds to the predicted sediment concentrations that were also about one to 

two orders of magnitude higher than what was measured. This indicates that the model is conservatively 

predicting the porewater concentration, which in turn is used to predict the sediment concentration. 
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TABLE 5-25 
COMPARISONS OF BASELINE MODEL RESULTS WITH UNCERTAINTY ANALYSIS (MONTE CARLO SIMULATION) 

FOR SEDIMENT CONCENTRATIONS 
PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 

PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Parameter 1 Uncertainty Analysis 
(Monte Carlo Simulation) 

Forecast of Sediment Concentrations 

95% 
upper 

Maximum Median 

Baseline 
Model 

Sediment 
Concentrations 

limit 

mglkg mgkg I mgkg 

Sediment 
Criteria 

mgkg I mgkg 

OU2 (DRfhO SALVAGE YARD) 

Arsenic 478 1,730 126 298 70 

Copper 316,000 4,930,ooo 17,100' 200,241 270 

Lead 640,000 26,800,OOO 31,800 70,495 .218 

Mercury 50 636 3.77 2.68 0.71 

OU3 TO CLARK COVE (JILF, WOT, MBI, MBII) 

Copper 1,080,OOO 19,200,000 59,200 449,697 270 

Lead 151,000 3,000,000 5,170 9,113 218 

Mercury 56 4,860 5' 0.82 0.71 

Nickel 1,380 53,000 101 35,855 52 

OU3 TO BACK CHANNEL AREA (JAMAICA COVE) 

Copper 268,000 4,680,OOO 19,900 386,718 270 

Lead 31,700 260,000 4,180 4,674 218 

Mercury 90 3,930 8.89 25 0.71 

Nickel 304 2,680 45 11,487 52 
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TABLE 5-26 

COMPARISON OF CALCULATED POREWATER CONCENTRATIONS WITH MEASURED DATA 
OPERABLE UNIT 3 TO CLARK COVE (JILF, WOT, MBI, AND MBII) 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Cont. (baseline) 
(Clark Cove Area) 

Silver 69 I 0.5 I 2.5 1.2 
I I 

Tin .911 - -- - 

Zinc 4,235 5 114 43 

Carbon disulfide 2.38 - - - 

4,4’-DDT 0.0003 -- -- - 

--- Not Analyzed 
1 Bold cells indicate that calculated porewater concentrations exceed the measured maximum 

porewater concentrations. 
2 Trace metal concentrations in porewater were results from the inorganic analysis of the 

porewater samples collected in December 1997, and analyzed by University of Rhode Island. 
3 Porewater concentrations measured from the peeper method were selected whenever available. 

Otherwise, results from the core method were used. 
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TABLE 5-27 

COMPARISON OF CALCULATED POREWATER CONCENTRATIONS WITH MEASURED DATA 
OPERABLE UNIT 3 TO JILF BACK CHANNEL AREA 

PHASE II MODELING, ON-SHORE/OFF-SHORE ANALYTICAL MODEL 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

Cont. (baseline) 
(Back Channel Area) 

Carbon disulfide 3.52 - - - 

4,4’ DDT 0.092 -_ - - 

--- Not Analyzed 
1 Bold cells indicate that calculated porewater concentrations exceed the measured maximum 

porewater concentrations. 
2 Trace metal concentrations in porewater were results from the inorganic analysis of the 

porewater samples collected in December 1997, and analyzed by University of Rhode Island. 
3 Porewater concentrations measured from the peeper method were selected whenever available. 

Otherwise, results from the core method were used. 

099808/P 5-46 CT0 0166 



Rev. 1 
07199 

5.4 MODELING RESULTS EVALUATION 

The deterministic and probabilistic uncertainty analysis indicated that the Phase II model is conservatively 

predicting the surface water and sediment concentrations with respect to the ranges of possible input values 

(the baseline case was generally higher than the 95 percent confidence level for surface water and was 

between the median value and the 95 percent confidence value for sediment). All the probabilistic 

uncertainty analyses conservatively consider the possibility of the groundwater concentrations increasing in 

the future (unsteady state). The deterministic uncertainty analysis shows that the assumption that 

groundwater concentrations may increase in the future (unsteady state) versus the assumption that the 

groundwater concentrations are steady (steady state) generally creates about a two order of magnitude 

difference in the predicted surface water and sediment concentrations. The steady state cases of the 

deterministic uncertainty analysis which incorporate input that most closely matches the current conditions 

at PNS are cases 7, 8, and 9 (presented in Tables 5-22 through 5-24). Cases 7, 8, and 9 are based on the 

groundwater UCL concentration (an estimate of the mean measured groundwater concentrations) and do 

not consider the possibility of the groundwater concentrations increasing in the future; therefore these cases 

would be most appropriate to compare to current measured sediment concentrations. Figure 5-6 and 5-7 

show a comparison of the steady state sediment concentration from Cases 7, 8, and 9 versus the maximum 

measured sediment concentrations at Clark Cove and Back Channel (Jamaica Cove). Figures 5-6 and 5-7 

show that the predicted concentrations and the measured concentrations match relatively well. The 

conservativeness of the model is dependent on the conservativeness of the input parameters. The baseline 

case uses conservativeness soil Kd values to estimate the leaching of contaminants from the soil to the 

groundwater producing a conservative groundwater concentration; therefore, the baseline case is also 

conservative. The probabilistic uncertainty analysis also yielded an indication of which input variables are 

relatively the most sensitive. For both the predicted surface water concentration and the predicted sediment 

concentration the most sensitive input values are the soil source concentration and the sediment Kd value 

used. 

The sediment Kd value identified as one of the most sensitive input parameters to the model is a significant 

result, given the uncertainty associated with this parameter. As detailed at the end of Section 5.1.2, it is 

believed the sediment Kd estimation procedure is reasonable and appropriate for this study (strengths); 

however, the estimation procedure does include some limitations and/or weaknesses which increase the 

uncertainty in the estimated Kd values and therefore increases the uncertainty of the predictions of the 

model. 
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The following bulleted items list the key points from the Phase II modeling: 

l For all the source areas modeled for all the COCs, the predicted baseline surface water concentration 

was less than the surface water criteria. This indicates that the migration of on-shore contaminants to 

the off-shore surface water via groundwater transport is not likely a significant transport mechanism. 

l For OU2, OU3 Back Channel (Jamaica Cove), and OU3 Clark Cove, the baseline predicted sediment 

concentrations exceeded the sediment criteria for all COCs except for 4,4’-DDT at OU2, and OU3 Clark 

Cove. These exceedances may be a result of the conservativeness of the model or may be due to 

potential impact from the on-shore sources to the sediment. 

l In general, organics do not appear to pose a significant sediment problem, with only PCBs (Aroclor- 

1254 and Aroclor-1260) at OU2 and one pesticide (4,4’-DDT) at OU3 to Back Channel of possible 

concern. lnorganics of most potential concern include copper, lead and mercury throughout and also 

nickel at OU3 source areas and arsenic at the OU2 source area. Lead, according to geochemical 

modeling results, is not very mobile due to complexation processes. 

l Generally, the OU3 Clark Cove and Back Channel (Jamaica Cove) predicted concentrations were 

similar except for higher results for mercury and 4,4’-DDT in the Back Channel. OU2 predicted 

concentrations were much higher for PCBs and lead than the two OU3 source areas; conversely, OU2 

predicted concentrations were much less for 4,4’-DDT, and nickel. 

. For OU5, sediment concentrations were not calculated (same as in Phase I) because of the nature of 

the shoreline at OU5 (seawall) and no exceedances of the surface water were predicted by the model. 

This indicates that OU5 is less likely to be contributing a significant amount of contamination to the off- 

shore surface water via transport in the groundwater. 

l The Phase II modeling incorporated more realistic inputs for the groundwater (based on low-flow data) 

and sediment Kd values based on site-specific porewater and sediment measurements. Incorporation 

of the low-flow groundwater did not lower the predicted concentrations for inorganics as dramatically as 

might be expected because the calculated leachate concentration (based on conservative soil Kd 

values and the measured soil concentration) controlled predicted groundwater concentration. The site- 

specific sediment Kds were much higher than the values used in the Phase I modeling. This had a 

tendency to cause the sediment concentration to be higher and the surface water concentrations to be 

lower (a high Kd would indicate a chemical that is more likely to be bound to the sediment) than what 

was predicted in the Phase I modeling. 
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l When inputs which represent current day conditions are input into the model (Cases 7, 8, and 9 in the 

deterministic uncertainty analysis), the predicted sediment results match the measured sediment 

concentrations reasonably well. 

5.5 USE OF THE MODELING DATA IN THE FEASIBILITY STUDY 

The ultimate purpose of the Phase l/Phase II modeling study was to support the upcoming feasibility 

studies at PNS by attempting to conservatively predict the potential impacts to the off-shore environment 

(i.e., surface water and sediment). This modeling study is only one component to be used in determining 

what is the most appropriate action at each of the four source areas modeled. Monitoring data, site 

history, and current on-shore and off-shore impacts will be considered in the feasibility study. None of 

these components is likely to be enough to base a remedial decision on alone, however, if the modeling, 

monitoring, and other considerations all point toward a similar conclusion, the final remedial decision can 

be made with more confidence. The modeling results indicate that surface water presently is not likely 

being significantly affected by on-shore sources of contamination; however, a conclusion such as this 

would need concurrence from other inputs to the FS before a remedial decision could be made with 

confidence. The modeling also indicates that sediment may be impacted due to on-shore migration of 

contamination via groundwater at OU2, and both source areas at OU3; however this result may be due to 

the conservative nature of the model inputs. As with the surface water, decisions on whether the 

sediments are truly being impacted by on-shore contamination will also depend on additional information 

such as monitoring data. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

The overall conclusions of the modeling studies conducted for PNS can be discussed in general terms 

related to the two receiving media of interest: the near shore surface water and the sediment. It is 

important to note that the model results (both surface water and sediment) are sensitive to the 

sedimenuwater partitioning coefficient [sediment Kd]. The sediment Kd will affect how the contaminant 

mass, predicted to be migrating to the shoreline, is allocated between the surface water and sediment in 

the model. The sediment Kd has opposite effects on the predicted surface water concentration and the 

predicted sediment concentration (i.e., as the value of the sediment Kd increases, the predicted sediment 

concentration increases; however, the predicted surface water concentration will decrease). 

Considerable effort has been put forth to accurately estimate the values of this parameter; however, some 

uncertainty still remains due to limitations of the Kd estimation procedure and the designed simplicity of 

the model. 

Based on the modeling results, for all cases and scenarios evaluated in the modeling task, the on- 

shore sources of contamination (OU2, OU3 Clarks Cove, OU3 Back Channel, and OU5) are not 

impacting the surface water above the surface water screening criteria and are generally much lower 

than the criteria. Based on the modeling results, it does not appear that the onshore sources are 

significantly affecting the surface water. 

The modeling results also indicate that the on-shore sources of contamination (for OU2, OU3 Clerks 

Cove, OU3 Back Channel) could cause the predicted sediment concentrations to exceed the 

sediment screening criteria for most COCs under the consenrative baseline case. The model 

indicates that the onshore sources of contamination could potentially impact the sediments above 

screening levels some time in the future, If it is assumed that groundwater has not yet reached 

maximum concentrations (i.e., unsteady state). OU5 modeling for sediment was not necessary 

because of the nature of the shoreline (seawall). Since OU5 sediments are not impacted by 

groundwater flowing from onshore, OU5 is not a current source of heavy metal contamination of 

sediment and was not modeled. However, contamination has been found in OU5 sediments (from 

other potential sources). 

When only the current groundwater concentrations are used as input to the model (equating to the 

case where the groundwater concentrations will not increase in thg future [steady state]), the model 

predicted sedlment concentrations were of the same order of magnitude as the measured sediment 

concentrations and the sediment screening dW.. Of note, groundwater monitoring data has not 

shown an increasing trend in groundwater concentrations (comparing the RFI groundwater data for 
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dissolved analytes with the 199611997 low flow sampling data) which supports the conclusion that 

steady state conditions are currently prevalent. 

Conclusions of an independent geochemical modeling study conducted for the MEDEP by Dr. Andrew 

Reeve of the University of Maine are presented in Appendix F. Based on this geochemical modeling 

study, the predicted concentrations for mercury and nickel are considered more uncertain than other 

chemicals modeled and must be given additional consideration when evaluating the remedial alternatives 

during the feasibility study stage. 

At this time, the Navy intends to continue offshore monitoring of sediments at PNS as part of the Interim 

Record of Decision for Operable Unit 4 (Navy, 1999). For more recently discovered sites (such as Slte 32 

Topeka Pier) or for any future sites, modeling plans will be evaluated on r site-specific basis. 
, 
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SENSITIVITY OF HYDROGEOLOGIC MODEL 

The Navy agrees the hydrogeologic parameters entered into the model will directly affect the 
model output, however, this concern was raised during preparation of the Phase I Modeling 
Work Plan. The concern with the method of estimating the hydrogeologic input parameters 
and their implied sensitivity was first commented on by the USEPA on the Draft Phase I 
Work Plan (Comment Dated June 26, 1996). In that comment the USEPA felt that using 
Darcy's law with hydraulic conductivities estimated with slug test data was a relatively 
uncertain method of estimating the groundwater discharge to the surface water. In order to 
address this comment, the Navy agreed to estimate the groundwater discharge through an 
independent method to confirm the results calculated with Darcy's Law. The groundwater 
discharge was estimated by an analysis of the total recharge through infiltration to the island 
(i.e, water budget). This analysis is documented in detail in the Draft Phase I Modeling 
Report (B&R Environmental February 1997) in Section 6.2.3 and Appendix C of that report. 
The two independent methods of calculating the average groundwater flow rates matched 
very well (See Table 6-1 for the Draft Phase I Modeling Report). The Navy believes there is 
less sensitivity with the hydrogeologic parameters (as compared to the chemical transport 
parameters) because the two methods confirmed each other. The Monte Carlo simulation 
attempted to focus on the parameters with the greatest sensitivity, therefore, the 
hydrogeologic parameters were not simulated. 

While it is acknowledged including the hydrogeologic parameters in the Monte Carlo 
analysis would create a more complete document, it is unlikely that such an analysis would 
affect the overall conclusions of the modeling task. The Navy believes that at this point of 
the project, additional study of these parameters will not significantly change any of the 
conclusions of the sites included in the modeling report. 

The other comment requested an explanation of the statistical analysis presented in 
Appendix D of the Phase II Modeling Report. Appendix D provides the Navy's justification 
for assuming that the sediment Kd values are lognormally distributed and is used to 
supplement data in Appendix A. Refer to the enclosed insert pages, to be placed in 
Appendix D of the Phase II Modeling Report, which provides the requested information. 
This inforrnation discusses the standard procedure used for calculating whether data sets 
are normally or lognormally distributed. 
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