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1.0 INTRODUCTION

The Phase I modeling task can be initiated prior to the availability of the groundwater analytical results

using low-flow sampling techniques and the analytical results from the proposed seep/sediment sampling

event for the following reasons.

To date on-shore and off-shore remedial investigations at PNS have been conducted separately. In order

to select appropriate site remedies, information availab!e from these separate investigations needs to be

first integrated into a multi-media contaminant fate and transport analytical model (Phase I Model).

Investigations at the. site are ongoing including low-flow groundwater sampling and sedimenUseep

sampling.

eTO 1661-1

The Phase I modeling may identify potential data gaps. If the Phase I Modeling is delayed until

the availability of the low-flow groundwater sampling results and the seep/sediment sampling

results, these data gaps may not be identified until later which could ultimately delay the

remediation process (it is understood that modeling will not be the sole basis for making

remedial decisions, however, the modeling results will be C! significant factor in the remedial

decisions and it is unlikely that final remedial decisions will be made without consideration of

the modeling results regarding future conditions).

Development of the Phase I analytical models using existing groundwater data will present a

conservative estimate of the on-shore contaminant impacts to off-shore receptors (i.e., previous

conventional sampling techniques may have resulted in the reporting of elevated contaminant

concentrations due to high turbidity conditions). Note that existing unfiltered groundwater

concentrations will be used in the initial Phase I modeling. This estimate will identify the

potential magnitude of these impacts relatively quickly and assist in determining what additional

evaluations and/or analyses maybe required.

The work performed under Contract N62472-90-D-1298, Contract Task Order (CTO) 0166, consists of

analytical modeling of surface water and groundwater for the Portsmouth Naval Shipyard (PNS) located

in Kittery, Maine. The intent of this work is to evaluate continuing on-shore contaminant migration to off­

shore receptors. Results will ultimately be used to determine the need for remediation, if any, and the type

of remediation required for sites with existing groundwater contamination. The work plan herein describes

the project-specific objectives, scope, and technical approach associated with this evaluation effort.

049602/P



sooner.

· Completing the initial Phase I modeling with the existing data will allow the regulatory agencies

to review and comment on the modeling approach at an earlier date. This will allow the Navy

and the regulatory agencies 'to come to a consensus on the modeiing approach earlier so' that

as the low-flow groundwater data and the seep/sediment data becomes available the modeling

can be refined quickly (if necessary), and therefore allow remedial decisions to be made

Additional modeling efforts, possibly additional analytical modeling and/or numerical modeling may be

required in the future (Phase II). If a Phase II modeling effort is required, it may entail

developmenUrefinement of numerical models for groundwater and surface water surrounding PNS or the

Phase II modeling may be similar in nature to the Phase I modeling but incorporate additional data, an

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

CTO 1661-2

Numerical hydraulic models have been developed for the entire Great Bay/Piscataqua River Estuary

(Chadwick, 1993, Pavlos, 1994, Scott 1996, in prep), however, because the numerical model covers such

a large area, the numerical model resolution is not fine enough in· the vicinity of PNS to be directly

incorporated into the Phase I modeling. For instance Clarks Cove is modeled with a single one­

dimensional channel segment in the numerical model. Instead of attempting to fully incorporate the

numerical modeling, this work plan focuses on screening techniques and on near-shore impacts. While

the existing numerical modeling may not be detailed enough for Phase I modeling, it does provide

information concerning the general flow patterns surrounding PNS. Information available from the existing

numerical model will be used to the greatest extent possible.

049602/P

Groundwater contamination at PNS discharges to the offshore surface water environment, therefore,

appropriate site-specific groundwater and surface water analytical models will be developed and integrated

to simulate significant contaminant migration pathways from groundwater underlying PNS to the adjacent

Piscataqua River. Important physical and chemical processes in these pathways will be incorporated into

the analytical model. Analytical model simulations for major cross-media constituents of concern (COCs)

selected through risk assessment screening processes will be performed to determine whether continued

contaminant migration is adversely impacting the estuary. Cross-media COCs are constituents whose

concentrations in one media (e.g., soil) are of concern because of their potential impact to another media

(e.g., groundwater or surface water) due to uncontrolled migration in the environment. Groundwater and

surface water contamination in three specific source areas (i.e., OU-3 [JILF, Former Waste Oil Tanks,

Mercury Burial Sites], OU-2 [DRMO and Site 29 Incinerator Site], and Site 27) have been selected for

study since these sites have a known or suspected groundwater contamination problem. Current



conditions at PNS will be simulated to estimate the future maximum impacts to the near-shore

environment due to existing on-shore sources.
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2.1 HISTORY OF FACILITY

2.2 PREVIOUS STUDIES

2.0 BACKGROUND INFORMATION

2.2.1 On-shore Investigations

eTO 1662-1

The Portsmouth Naval Shipyard (PNS), although formally within the town limits of Kittery, Maine, is located

on an island in the Piscataqua River, a tidal estuary which divides the southern boundary of Maine and

the northern boundary of New Hampshire. The shipyard has a long history dating back to 1690 when the

first warship launched in North America, the Falkland, was built. The shipyard was first established as a

government facility in 1800, and it served as a repair and building facility for ships during the Civil War.

The first government-built submarine was designed and built at the shipyard during World War I, and a

large number of submarines were designed and constructed at the yard from 1917 to the present. The

shipyard is currently engaged in the conversion, overhaul, and repair of submarines for the U.S. Navy.

This section presents the facility history and description of the Sites that have been investigated and the

sites that have been identified as needing investigation for impacts of groundwater migration.

Before the shipyard was established, the area of the current facility consisted of five sizable islands (refer

to Figure 2-1). As the workload at the shipyard expanded, fill material was used to create man-made land

adjacent to and between the islands. Today the. shipyard is composed of 376 buildings on 278 acres of

continuous land that extends across four of the five original islands. Some of the shipyard is built on fill

that is overlying former tidal flats.

Environmental investigations at PNS began in 1983 when the Navy completed an Initial Assessment Study

(lAS) (Weston, 1983) that identified and assessed sites posing a potential threat to human health and the

environment. The final phase of this study was completed in 1986 with the issuance of a Final

Confirmation.Study (FCS), (LEA, 1986), which evaluated the sites identified in the Initial Assessment Study

to confirm the presence of contamination.

049602/P

The U.S. EPA became involved with PNS in 1985 when the agency requested information on hazardous

wastes and conducted a visual site inspection under the authority of the Resource Conservation and

Re~overy Act (RCRA). RCRA activities are conducted. in four phases: the RCRA Facility Assessment

(RFA); the RCRA Facilities Investigation (RFf); the Corrective Measures Study (CMS); and the Corrective
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FIGURE 2-1
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- INDUSTR!I\L WI\STE OUTFI\LLS
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- BLDG. 238 BA HERY ACID TI\NK (TANK No. 24)
- JA~AICA ISLAND WASTE OIL TANKS (TANKS Nos. 5 &. 7) (PULLeD)
- BLDG. 76 BOILER BLOW-DOWN rANK (rANK No. 25)
- BLDG. 75 RINSE WATER TANK (TANK No. 27)
- BLDG. i 7t. RINSE WATER TANK (TI\NK No.3':)
- BLDG. 75 RINS!: WATER TANK (TI\NK No. 25)
- BLDG. 17t. CHE~ICAL CLEANING FACILITY FLOOR DRAIN rANK (TANK No. 26)
- OIL/WATER DUMPSTERS (MOBILE)
- FUEL OIL SPILL BERTH No. 5
- INCINERATOR SI TE
- GALVANIZING PLANT
- WEST TIMBER BASIN LANDFILL
- TOpEIKA PIER

SITE 5
SITE 6
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SITE 11
SITE 12
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SITE 31
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Measures Implementation Plan. Until the mid-1990s, investigations at PNS were conducted under RCRA

authority. Subsequently, studies have been conducted under the authority of the Comprehensive

Environmental Response, Compensation and Liability act (CERCLA), commonly known as Superfund.

Additionally, as part of the Terminal Oil Facility Permit renewal process, a hydrogeological investigation

of the tank farm area was conducted by Stearns & Wheler (Stearns & Wheler, 1995). For permit renewal,

PNS was required to implement a plan to eliminate discharges of oil and related pollutants from the tank

,farm area.

The RFA (Kearney & BakerlTSA, 1986) identified 28 potential SWMUs. These are waste management

sites that were known to exist or sites where known or potential releases of hazardous wastes or

hazardous constituents occurred. After the 28 potential SWMUs were examined in greater detail, 15 were

eliminated from further investigation, leaving 13 SWMUs. As a result of the RFA findings, in March 1989,

the U.S. EPA issued a Corrective Action Permit under the RCRA Hazardous and Solid Waste Amendments

of 1984 (HSWA Permit) (U.S. EPA, 1989) that required the PNS to investigate the 13 SWMUs and take

appropriate corrective action.

In accordance with the HSWA Permit requirements, a RCRA Facilities Investigation (RFI) was performed.

The RFI consisted of several phases of investigations spanning from October 1989 to February 1992. The

results of the RFI were then assembled into the RFI Report (McLaren/Hart, 1992b). The RFI "Approval

with Conditions" was issued by the U.S. EPA in March of 1993. The Addendum to the RFI report

(McLaren/Hart, 1993) partially responded to the U.S. EPA "Approval with Conditions" however, many

requirements of the "Approval with Conditions" called for additional field work to resolve data gaps.

Subsequently, the RFI Data Gap field work was conducted during June/July of 1994. Results are

presented in the RFI Data Gap Report (Halliburton NUS, 1995b) and are considered supplemental to the

RFI report.

CTO 1662-5049602/P

Analytical data collected during the RFI for surface and subsurface soils, groundwater, surface water and

ambient air were evaluated in accordance with the U.S. EPA Superfund Risk Assessment Guidance. The

results of this evaluation were summarized in a draft document titled Public Health and Environmental Risk
\

Evaluation: Part A Human Health Risk Assessment (PHERE), (McLaren/ Hart, 1994a). These results were

utilized in developing the Final Media Protection Standards (MPSs) Proposal (McLaren/Hart, 1994b). Final

MPSs were then set by the U.S. EPA. The final MPSs are utilized in the Draft On-shore Feasibility Study

(FS) Report (Halliburton NUS, 1995a). The Draft On-shore FS Report identifies and recommends remedial
•

alternatives for each SWMU. The ARARs Report (Halliburton NUS, 1994b) and Revised CMS Proposal

(Halliburton NUS, 1994a).also were utilized in developing the Draft On-shore FS.
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2.2.2 Off-Shore Investigations

The off-shore portion of the RFI included an Estuarine Ecological Risk Assessment (EERA) and a Human

Health Risk Assessment (McLaren/Hart, 1994c). The Ecological and Human Health Risk Assessments

were both based on off-shore sampling and analysis of surface water, sediments and biota conducted as

part of the EERA. Seeps from PNS were also sampled and analyzed.

The Ambient Air Quality Monitoring Report (McLaren/Hart, ·1992a) was developed to support identification

of SWMUs where contamination may have caused adverse impacts to air. Because of questions on

previous sampling methods, techniques, and reporting methods, the Phase II Ambient Air Quality and

Meteorological Monitoring Report (B&R Environmental, 1996a) was prepared as a confirmation air

monitoring study.

The Groundwater Investigation and Monitoring Plan (B&R Environmental, 1996b) is under development

to address facility groundwater. The purpose of this plan is to provide additional information (low-flOW

sampling) to be used in the off-shore migration modeling effort and additionally to be used to help develop

a long-term monitoring plan, if it should be necessary. Additionally, seeps along the PNS perimeter will

be sampled as proposed in the Technical Memorandum on Seep Sampling, currently in the Draft phase

(B&R Environmental, 1996c).
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The overall purpose of the EERA was to assess the potential adverse environmental effects from past

discharge of contaminants from PNS. Two functional phases of the EERA were developed to fulfill this

objective. The Phase. I EERA (Johnston et. ai, 1994), initiated in September 1991 and completed in May

1993, assessed the environmental quality of the Great Bay Estuary with a focus on the lower Piscataqua

River. Phase I included the collection and analysis of water (water column and seep), sediment. (surface. .
sediments and sediment cores), and biota (mussels, lobster, winter flounder, oysters, eelgrass and algae)

samples.

The SWMUs were evaluated by U.S. EPA under Superfund's Hazard Ranking System (HRS). Under the

HRS, a score is developed based on the potential for hazardous substances to spread from the site

through air, surface water, and groundwater. Additional ranking factors include population, waste

characterization, and potential damage to natural resources. Based on the HRS evaluation, PNS was

proposed for inclusion on the U.S. EPA's National Priority List (NPL) in June 1993 and added to the NPL

in May 1994. Since then, the U.S. EPA has coordinated the transition from RCRA to the

CERCLA/Superfund process to ensure the continued progress of investigations. To be consisitent with

CERCLA terminology, the areas formerly identified as SWMUs are now referred to as Sites.
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2.3.1 Site 5 - Industrial Waste Outfalls

2.3 DESCRIPTION OF SITES

Figure 2-1 is a map of the entire facility and serves as a base map for this work plan. The original islands

are outlined in dotted lines according to an interpretation that was provided by the facility. The locations

of eighteen Sites are indicated, which include the 13 original SMUs plus five new sites.

Results of off-shore sediment sampling indicate that acetone was the only volatile organic sporadically

present (up to 60 ug/kg). Several Appendix IX. semivolatiles were detected. No pesticides/PCBs,

herbicides, or acid extractables were detected. TPH was detected (up to 610 ppm) in all samples for

CTO 1662-7

The data collected during Phase I of the Ecological Risk Assessment work was also used to develop the

Human Health Risk Assessment for Off-shore Media (McLaren/Hart, 1994c). The Human Health Risk

Assessment Report is final, and the results have been used to establish human health surface water and

sediment preliminary remediation goals (B&R Environmental, 1996d). The Ecological and Human Health

preliminary remediation goals will be used for the development and evaluation of off-shore surface water

and sediment remedial objectives and alternatives in the Off-shore FS.

The objective of the Phase II EERA, the analysis phase initiated in July 1992 and completed in the

summer of 1995, was to test hypotheses from Phase I and quantify the ecological risk from PNS. Phase

II included the collection and analysis of additional water (water column and seeps), sediment (surface

sediments and sediment cores) and biota (mussels, lobster, flounder and eelgrass) samples. Phase I and

Phase II data and conclusions were synthesized to develop the final EERA, which is currently in the draft

stage (NCCOCS, 1995). Once the EERA has been finalized, the results will be used to develop ecological

surface water and sediment cleanup goals.

049602/P

The Industrial Waste Outfalls refer to several discharge points along the Piscataqua River at the western

end of the site. The outfalls were used to discharge liquid industrial wastes prior to construction of the

Industrial Waste Treatment Plant. The outfalls are believed to have been in operation from 1945 to 1975

and are located near Berths 6, 11 and 13..Wastes discharged include wastes from plating and battery

shops contained in Buildings 79 and 238. The wastewaters may have contained heavy metals (mercury,

lead, cadmium, chromium, copper and zinc), oils and grease, and polychlorinated biphenyls (PCBs).

Dredging was conducted to deepen Berths 6, 11 and 13. Dredge spoils were placed in the Jamaica Island

Landfill (JILF).
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areas.

2.3.2 Site 6 - Defense Reutilization and Marketing Office (DRMO) Salvage Yard

which it was analyzed. Metals, including arsenic, chromium, copper, lead, mercury, nickel, and zinc, were

detected in all samples.

This Site will not be considered for the Phase I modeling, because the Industrial Waste Outfalls are no

longer in use and are not considered to be a present or continued source of contamination to the off-shore
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A Final Confirmation Study (FCS) was conducted at the DRMO in 1984. Surface and subsurface soil

samples were collected within the DRMO and immediately west of the DRMO. Heavy metal contamination

was noted; however, additional information was necessary to determine the nature and extent of

contamination and to define the subsurface geology at the DRMO.

The DRMO Salvage Yard (DRMO), which has an approximate area of two acres, has been in operation

for more than 30 years. It serves as a temporary storage area for used materials prior to off-site recycling

or disposal. Materials stored at the DRMO include lead and nickel-cadmium battery elements, motors,

typewriters, paper products, and scrap metal. Most of the DRMO is situated on filled land. Until recently,

there were no release controls at the DRMO. Previous visual inspection indicated ponding of precipitation

in some areas and direct runoff to the Piscataqua River in other areas. Practices that resulted in obvious

sources of contaminants, such as open storage of batteries, which could be leached or otherwise released

by pathways such as infiltration or runoff were terminated approximately in 1983. Currently within the

fenced area of the DRMO, most of the s'urface is covered by asphalt or an interim cap.

Between 1989 to 1992, as part of the RFI, surface and subsurface soils, and groundwater samples were

collected at the DRMO and in the vicinity. Surface soil sampling was conducted north of the DRMO in the

vicinity of Quarters S, N, and 68 to assess the potential for possible wind dispersal of contaminants from

the DRMO. During the RFI Data Gap investigation of 1994, hydrogeology and tidal influences were further

investigated.

In 1993, interim corrective measures were conducted at the DRMO which included capping and paving

of sections of the DRMO, installation of storm water controls, and installation of a new concrete curb. The

cap consists of 12 inches of compacted, crushed stone aggregate stabilized with portland cement, two

layers of 16-ounce non-woven needle-punched geotextile, and a geocomposite clay liner (GCl). An area

on the northwest side of the DRMO was paved with two inches of asphalt (Mclaren/Hart, 1993a).
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2.3.3 Site 8 - Jamaica Island Landfill (JILF)

The DRMO and adjacent Incinerator Site (Site 29) will be considered in the Phase I modeling, because

it poses a present and future source of contamination to off-shore areas.

The JILF covers an approximate area of 25 acres. of filled land. Prior to landfilling activities, tidal flats

separated Jamaica Island from Seavey Island. It has been reported that drainage channels existed within

these tidal flats. From approximately 1945 to 1978 this area was filled with various industrial wastes. In

Pesticides, PAHs, and BEHP sporadically exceeded the MPSs. TPH occurred frequently and at significant

concentrations (up to 7500 mg/kg). Aroclor 1254 also occurred frequently at significant concentrations (up

to 700 times the residential MPS). Volatile and semivolatile TICs were detected both inside the DRMO

and at the Incinerator Site east of the DRMO.

eTa 1662-9049602/P

In general, shallow wells were more highly contaminated and contained a greater quantity of contaminants

than bedrock wells. Also of note, total lead concentrations east of the DRMO (Incirerator Site) are

elevated (up to 440 times the residential MPS). An exceedance of DDD occurred once (at 10 times the

residential MPS) and PCB exceedances occurred sporadically (at up to 260 times the residential MPS).

The maximum detections for DDD and total PCBs were 0.32 and 13 ug/l, respectively. One slight,,
exceedance of the residential MPS for BEHP occurred in the Incinerator site. Petroleum ID fingerprinting

indicated No. 6 Fuel Oil at two wells and compressor oil at one well.

The primary form of groundwater contamination is metals in the particulate (or possibly colloidal) form.

Lead is the primary contaminant of concern. The measured concentration of several metals (total)

exceeded residential MPSs by several orders of magnitude (lead at 3300 times the MPS, arsenic at 6

.times, aluminum at 50 times, antimony at 100 times, cadmium at 11 times, chromium at 4 times, copper

at 6 times, manganese at 18 times, nickel at 6 times and zinc and beryllium slightly above the MPS). The

maximum lead (total) concentration of 49,200 ug/l was observed at DW-02. The corresponding filtered

concentration for lead of 213 ug/l was much lower. In general, total (particulate/colloidal) concentrations

were higher and more prevalent than for filtered (dissolved) concentrations.

Because the DRMO is outside of the CIA area, MPSs for Future Residential Land Use are applicable for

soils and groundwater. For soils, numerous exceedances of lead (at approximately 500 times the

residential MPS) occurred. Other metals occurred at lesser frequency and were of lesser concern. Lead

. contamination appears to decrease with depth, and the vertical extent of metal contamination ranges from

2 feet in the western portion of the DRMO to 38 feet Building 310 east of the DRMO.
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In 1978, PNS received approval to dredge over 100,000 cubic yards of sediment from Berths 6, 11 and

13, and to dispose of the material in a portion of the JILF. Cyanide, heavy metals, oil and grease, and

low concentrations of PCBs were reported in dredge spoils samples. Approximately 9 acres of the landfill

was covered with dredge spoils(Normandeau Associates, 1978).

Because the JILF is outside of the CIA area, MPSs for Future Residential Land Use are applicable for soils

and groundwater. For soils, contaminants exceeding MPSs included metals (lead at 12 times the

residential MPS, mercury less than 2 times, beryllium at 4 times, zinc at 14 times, cadmium at 5 times,

antimony at 4 times, copper at 16 times, and nickel at 2 times the residential MPS. PAHs (at up to 16

From 1989 to 1992, as part of the RFI, surface and subsurface soils and groundwater samples were

collected at the JILF. Surface soil sampling was conducted at the former Child Development Center (CDC)

to ensure that children at the former CDC were not being exposed to soil contaminated by wind dispersal

from the JILF. During the RFI Data Gap investigation of 1994, hydrogeology and tidal influences were

further investigated.

At the time of dredge spoil disposal, a dike was designed to contain the dredge spoils and to prevent post­

construction seepage or runoff from the contaminated spoil into the adjacent Piscataqua River. A rock dike

was placed by the area receiving the deepest spoils. The rest of the disposal site was enclosed with a

granular fill dike. The dikes were to extend along the majority of the containment area. No documentation

is available on the dike construction and so its effectiveness is undetermined. A 2-foot thick soil cover was

placed on top of dredge spoils to minimize precipitation from penetrating the dredge spoils. A layer of

topsoil was placed on top of the entire contained area and seeded to create an erosion resistant turf

(Normandeau Associates, 1978).
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addition to general refuse, trash and construction rubble, the JILF reportedly accepted incinerator ash;

plating sludges containing chromium, lead and cadmium; asbestos insulation; volatile organic compounds

including trichloroethene (TCE), methylene chloride, toluene and methyl ethyl ketone (MEK); acetylene and

chlorine gas cylinders; contaminated dredge. spoils containing chromium, lead, small amounts of oils

containing PCBs, mercury and possibly phenols; waste paints and solvents; and spent sandblasting grit.

Other items reported to have been used as fill at the JILF include reinforcing bars, chain-link fencing, and

a small two-man submarine. The JILF is covered with topsoil, pavement and gravel and is used for

recreational activities, vehicle parking, and equipment storage. The recreational activities include a fitness

area, a jogging track, and baseball fields. Other uses of the landfill and adjacent area include equipment

storage and hazardous waste storage.
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The JILF will be considered in the Phase I modeling, because it poses a present and future source of

contamination to off-shore areas.

times the residential MPS) and Aroclor 1254 (at approximately 200 times the MPS) are also of concern.

Volatile and semivolatile TICs were also present.

Within the former COC fenceline, PAHs and 4-4'000 are the contaminants of concern exceeding MPSs.

PAHs (present at approximately 10 times the residential MPS) are common pavement constituents and

may not be reflective of migration of contaminants from the JILF. Also, 4-4'000 (present at approximately

2 times the residential MPS) is a pesticide which was likely used throughout the facility and may not be

reflective of migration of JILF contamination. There was 1 highly contaminated exceedance for lead

outside the fenced area. The estimated risks associated with the soil contamination were within the

U.S. EPA acceptable risk range (10-4 to 10-6), however the risks exceeded MEOEP risk.level of 10-5.

Organics were sporadically detected: BEHP (up to 2 times the residential MPS), methylene chloride (up

to 3 times the MPS), and benzene (up to 2 times the MPS), 4,4'-000 (at 7.5 times the MPS) and AroClor­

1254 (at approximately 200 times the MPS). Organic contamination was generally present associated with

Site 11 (Former Waste Oil Tanks) and the west corner of the JILF near Mercury Burial Site II. Petroleum

hydrocarbon fingerprinting was conducted at 8 locations during the Phase IV investigation. Monitoring

wells JW-07B, JW-12S, and JW130 indicated nondetects. NO.5 fuel oil (1.9 mgll) was present at JW-14;

NO.4 fuel oil existed at JW-1.5 and JW-16 (8.2 mgll and 5.3 mgll respectively); NO.6 fuel oil was also

present at JW16 (14.0 mgll); lube oil (1.2 mgll) and compressor oil (1.8 mgll) were present at JW-18; and

gasoline (6.3 mg/I) occurred at JW-19.

CTO 1662-11

The primary form of groundwater contamination is metals in the particulate (or possibly colloidal) form.

The measured concentration of several metals (total) exceeded residential MPSs by several orders of

magnitude (lead at approximately 1200 times the MPS, arsenic at 8 times, aluminum at 125 times,

antimony at 23 times, beryllium at 3 times, cadmium at 22 times, chromium at 20 times, copper at 86

times, manganese at 44 times, nickel at 18 times and zinc at 5 times the residential MPS). In general,

total (particulate/colloidal) concentrations were higher and more prevalent than for filtered (dissolved)

concentrations. Also, in general, shallow wells were more highly contaminated and contained a greater

quantity of contaminants than bedrock wells. Of note; arsenic and manganese in soils did not exceed the

soils MPS; other inorganics were present in both soils and groundwater. Mercury was present in Site 8

groundwater but an MPS was not. developed for this analyte. Although MPSs are not available for all

chemicals (e.g., mercury) these chemicals will still be evaluated and included in the initial COC selection

process described in Section 5.0.
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2.3.4 Site 9 - Mercury Burial Site I and Mercury Burial Site II (MBI and MBII)

Because Site 9 is outside of the CIA area, Media Protection Standards for Future Residential Use is

applicable to soils and groundwater. For soils, mercury did not exceed the residential MPS at either MBI

or MBII. At MBI, lead, beryllium and copper exceeded MPSs (at less than 2 times the MPSs). At the MBII

area, PAHs exceeded MPSs (at concentrations about 10 times the MPSs).

From 1989 to 1992, as part of the RFI, subsurface soils and groundwater samples were collected at the

Mercury Burial Sites. During the RFI Data Gap Investigation of 1994 the concrete pipe at MBI was

excavated and disposed in an offsite landfill. The pipe was found to be plugged with concrete at both

ends. Sampling results did not indicate an elevated concentration of mercury. Also during the RFI Data

Gap investigation, another attempt, via test pit excavation, was made to located MBII, with no success.

Poured concrete blocks and precast concrete pipes containing mercury contaminated wastes were

reportedly buried between 1973 and 1975 at two locations within the boundarie~ of JILF. The two mercury

burial sites are referenced as Mercury Burial Site I (MBI) and Mercury Burial Site II (MBII) and were

reported to be placed under 8 to 10 feet of fill. Mercury contaminated wastes are reported to include

fluorescent bulbs, thermometers, mercury switches and rags, brooms, and dust pans.
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During the RFI, attempts were made to locate both burial sites. The original excavation locations were

based on existing concrete plaques that marked the presumed location of the burial sites. Only burial site

MBI was located in the field during the original RFI investigation. The soil around the poured concrete

blocks and around the precast concrete pipe at MBI was excavated. The concrete blocks and precast

concrete pipe were inspected· for integrity. All of the concrete appeared to be in reasonably good

condition. Concrete blocks and the vertical section of concrete pipe were encountered at approximately

7.5 feet. Each poured concrete block was supported by a 1-foot thick concrete pad, the concrete pipe was

not. All the concrete appeared intact and was left in place and backfilled with original soil and fill material.

The reported location of MBII is in the western corner of the JILF, just south of the H25 Building parking

lot. Information gathered by PNS personnel prior to the RFI Data Gap Field Investigation indicated that

MBII may have been located south of the previous excavation or southeast of Building H25 just beyond

or partially under its fenced in and paved parking lot (this was investigated as part of the RFI Data Gap

Investigation). Additional excavations were conducted, however, poured concrete ·blocks and precast

concrete pipes were not located during these excavation activities.
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2.3.5 Site 10 - Battery Acid Tank No. 24

For groundwater, no MPS was developed for mercury. However, the maximum detection of total mercury

was 1.5 ug/l at MW-02 (MBII), with a corresponding nondetect concentration for the filtered sample. This

maximum concentration is below the final MCl for mercury of 2 ug/l. Petroleum 10 results identified

gasoline (49.4 mg/l) and lube oil (1.0 mg/l) in MW-3 and NO.4 fuel oil (1.1 mg/l) and NO.6 fuel oil (4.1

mg/l) in MW-7, which is consistent with the volatile and semivolatile compounds detected in the wells.

Contamination is attributable to Site 8 rather than Site 9. No releases to date have occurred from the

buried concrete blocks and the concrete pipe that were found at MBI. Although the soil sampling in the

vicinity of MBI and MBII did not indicate mercury contamination, inorganic and organic contamination

indicative of contamination found at the JllF was noted. Since the contamination appears to be related

to JllF activities and not to the mercury burial sites, Site 9 will be considered in the Phase I as part of the

Site 8 analysis. Moreover, plans are underway to excavate and remove the concrete blocks from MBI.

At MBI, primary exceedances in groundwater were comprised of numerous inorganics (up to several orders

of magnitude exceedances of residential MPSs). Inorganics were primarily present in the unfiltered form.

Only single exceedances of benzo(a)anthracene, chrysene, benzene, and methylene chloride occurred and

w'ere of low concentrations. At MBII area, primary exceedances were comprised of numerous inorganics

(up to several orders of magnitude exceedances of residential MPSs). Inorganics were primarily present

in the unfiltered form. Benzene (at the MPS concentration); pesticides (4,4'-000 and 4,4'-DDE at 1 order

of magnitude above the MPS); PCBs (at up to 2 orders of magnitude exceedances of MPSs); and PAHs

and BEHP (up to 30 times the MPS) were also present.
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This unit, used from 1974 to 1984, was an underground, 9680-gallon steel holding tank for waste battery

acid from battery rebuilding operations. The unit was located outside of Building 238, within the Controlled

Industrial Area (CIA). During an investigation of tank volume fluctuations in 1984, an approximate 2-inch

hole was discovered at the bottom of the tank. The water level in the tank would rise and fall with the

apparent tide. The period of potential release is not known. The tank was taken out of service in 1984

and removed in 1986 according to a closure plan approved by the Maine Department of Environmental

Protection (MEDEP). Soils were sampled at the time of tank removal. The area is currently covered by

asphalt. Confirmation s~i1 samples were taken from soil borings installed during the RFI investigation.

Recently available Initial Assessment Study (lAS) interview sheets indicate potential historical fill line

leakage. Due to these potential additional areas of contamination, investigative work (including the

installation of a monitoring well) is currently planned for this site in 1997.
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2.3.6 Site 11 - Former Waste Oil Tanks Nos. 6 and 7

Site 10 will not be included in the Phase I modeling since it would be more beneficial to evaluate this site

at a later date when additional data from the proposed investigation is available.

Following tank removal, sampling was conducted by PNS and MEDEP, and contamination was found in

the excavated material. As a result of elevated levels of lead and other contaminants, 332 tons of soil

were excavated and disposed in an off-site RCRA permitted land disposal facility. The excavation effort

was terminated because of the proximity of the JILF and not because all contaminated soils were removed.

Soils and groundwater were investigated in both the RFI and RFI Data Gap investigations.

In 1994 an investigation was conducted by C.T. Male Associates to determine the presence or absence

of soil contamination in the area of the planned Hazardous Waste Consolidation and Storage Facility

(HWCSF). This investigation was part of the Military Construction (Milcon) project for the construction of

the HWCSF. Information gathered is available for use by the IR Program. The report was submitted to

the State of Maine in accordance with permit conditions. Eight test pits were excavated and subsurface
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Because Site 10 is located within the CIA area, MPSs for Future Industrial Land Use are applicable for

soils and groundwater. For soils, lead (at approximately 2 times the residential MPS and background

concentration) and PAHs (slightly above the residential MPS) were encountered in all 3 soil borings. Of

note, the background lead concentration for PNS (1013 mg/kg) is greater than the MPS. There are no

groundwater monitoring wells at this site. It is not known whether or not groundwater is contaminated;

based on the holes found in the excavated tank and the water table elevation, localized groundwater

contamination is suspected.

Former Waste Oil Tanks Nos. 6 and 7 have been referred to as Waste Oil Tank Number 12 in the past.

These were two 8,OOO-galion underground steel tanks from railroad cars, in use from 1943 to 1989, located

at the northeastern end of the JILF. Waste oils from facility shops including cooling and cutting oils, motor

oils, transmission oils, and hydraulic oils were stored in the tanks prior to off-site disposal. A Consent and .

Agreement Order has indicated that degreaser solvents were labeled as waste oils and may have been

inadvertently stored in these tanks. Waste oils may also have contained various toxic metals. In 1979

the tanks were excavated, inspected, and reburied because there was no evidence of releases at that

time. In 1986, both tanks were tightness tested and found to be sound. These tanks were excavated and

removed in 1989 according to state regulations and inspections. Upon removal, both tanks appeared

sound and neither tank showed signs of leakage or deterioration. Soil contamination is believed to have

occurred from spillage during filling.
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2.3.7 Site 12 - Soiler Slowdown Tank No. 25

Site 11 will be considered in the Phase I modeling, because it poses a present and future source of

contamination to off-shore areas.

soil samples were collected at every 2-foot interval; one sample from each test pit was selected for

analysis, except for TP-1 where two samples were collected. Also, one field duplicate was collected. To

support selection of the samples for analysis, field headspace screening of soil samples was accomplished

with an OVA and an HNu.

The Boiler Blowdown Tank is a 3800-gallon underground. steel tank located adjacent to Building 72. The

tank acts as a liij station and temporarily retains blow-down water to allow cooling before discharge to a

sanitary sewer. The Boiler Blowdown Tank has been in operation since 1974; plans are underway for tank

removal. During the RFI, tank contents were sampled 3 times over a 3-week period. Priority Pollutant,

Metals were at detectable concentrations but were below the TCLP criteria. Tank contents are not RCRA

CTO 1662-15049602/P

Because Site 11 is outside of the CIA area, the Future Residential Use MPSs apply for both soils and

groundwater. Four soils exceedances occurred for PAHs (present at up to 100 times the residential

MPSs). In order of descending concentrations of PAHs were WOT-15, WOT-05, WOT-13, and WOT-09

which were in and around the source area. Sporadic exceedances occurred for inorganics (lead at less

than 2 times the residential MPS, copper at up to 2 times, zinc at up to 4 times, and beryllium at up to 10

times the residential MPSs). TICs were present also, particularly for sample locations WOT-2, WOT-5,

WOT-10, WOT-11, WOT-13, and WOT-15. In the area of the new Hazardous Waste Consolidation and

Storage Facility, beryllium slightly exceeded the residential MPS; no detections of petroleum hydrocarbons

were reported from the petroleum hydrocarbon scan.

For groundwater, benzene was present at location JW-16 (at a concentration approximately 2 times the

. residential MPS). Manganese exceedances occurred consistently (at up to 13 times the residential MPS).

Other inorganics were sporadically present at concentrations of concern (cadmium slightly above the

residential MPS, lead up to 15 times, and aluminum at 4 times the residential MPS). Of note, the

maximum detection of manganese occurred upgradient of Site 11. TICs were present predominantly in

monitoring wells WOT-02, WOT-03, WOT-04, and WOT-05. Although diesel fuel (dissolved) was detected

in groundwater at significant concentrations, free product was not encountered. PAH contamination in

groundwater is limited to WOT-02 and WOT-03, with no exceedances of groundwater MPSs at these

locations. This indicates that PAHs are adsorbing to soils and not significantly impacting groundwater.
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2.3.8 Site 13 - Rinse Water Tank No. 27

2.3.9 Site 16 - Rinse Water Tank No. 34

Site 13 will not be considered for the Phase I modeling, because it is not considered to be a present or

continued source of contamination to the off-shore areas.

Site 12 will not be considered for the Phase I modeling, because it is not considered to be a present or

continued source of contamination to the off-shore areas.
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Rinse Water Tank No. 27 was a 69S-gallon steel underground tank used for storage of waste waters

generated from parts cleaning operations. The tank was located in the northwest portion of the facility

adjacent to Building 76. The tank operated between 1974 and 1991. During the RFI, the tank was

removed according to a closure plan approved by MEDEP. The tank was found to be intact with' no

evidence of deterioration. Also, no visual or olfactory evidence of contamination in the fill material was

encountered during tank excavation. Soil samples were collected from the floor and sidewalls of the

excavation. The fill material was replaced during backfilling and covered with a hot asphalt cap. Tank

contents are not RCRA hazardous, based on sample results for reactivity, ignitability, corrosivity, and

TCLP.

Because Site 13 is located within the CIA area, MPSs for Future Industrial Land Use are applicable for

soils and groundwater. For soils, sporadic PAH exceedances of MPSs occurred (at approximately 1.5

times the residential MPS). Exceedances were from the sidewall samples; there were no exceedances

from the floor samples. There are no groundwater monitoring wells at this site. Groundwater

contamination is not expected. Site 13 is being considered for no further action.

Rinse Water Tank No. 34 was a 7SD-gallon steel underground tank used for storage of waste waters

generated 'from parts cleaning operations. The tank was located adjacent to Building 174 in the

northwestern portion of the facility. The tank operated between 1978 and 1991. During the RFI, the tank

was removed according to a closure plan approved by MEDEP. The tank was found to be intact with no

evidence of deterioration. Also, no visual or olfactory evidence of contamination in the fill material was

encountered during tank excavation. Soil samples were collected from the floor and sidewalls of the

excavation. The fill material was replaced during backfilling and covered with a hot asphalt cap. Tank

0496021P

· hazardous, based on sample results for reactivity, ignitability, corrosivity, and TCLP. Soil sampling was

not conducted. Site 12 is being considered for no further action.



contents are not RCRA hazardous, based on sample results for reactivity, ignitability, corrosivity, and

TCLP.

Site 16 will not be considered for the Phase I modeling, because it is not considered to be a present or

continued source of contamination to the off-shore areas.

Because Site 16 is located within the CIA area, MPSs for Future Industrial Land Use are applicabl.e for

soils and groundwater. For soils, sporadic PAH exceedances of MPSs occurred (up to 7 times the

residential MPSs). There are no groundwater monitoring wells at thi~ site. Groundwater contamination

is not expected. Site 16 is being considered for no further action.

Because Site 21 is located within the CIA area, MPSs for Future Industrial Land Use are applicable for

soils and groundwater. For soils, MPS exceedances for PAHs (at approximately 15 times the residential

MPS) were encountered at all 4 locations. One instance of cadmium (slightly above the MPS) occurred.

However, it is believed that the presence of PAHs are not related to the leaks from the tank. The

cumulative carcinogenic risks for the PAHs exceeding MPSs, under a future use scenario are below,the

10-5 criteria employed by MEDEP.

CTO 1662-17

Site 21 - Acid/Alkaline Drain Tank2.3.10

The Acid/Alkaline Drain Tank was a 695-gallon underground steel tank that was located outside the Sheet

Metal Shop, Building 75, in an industrial area just north of the CIA. The tank was located beneath the

middle of a road and adjacent to railroad tracks. The tank held discharge from two clothes washing

machines used to clean air filters. The prefilters were used to remove dirt, dust and debris from ships.

Detergent used for cleaning was "Lestoil". Other wastes included rinse water from three deburring

machines. Minor volumes of overflow wastes consisted of unspecified waste acid and alkaline metal

surface-cleaning solutions, and solid residues.

During the RFI, the tank was excavated and removed according to a closure plan approved by MEDEP.

Each end of the tank was found to have a hole of approximately one by two feet. Stained fill and exposed

bedrock was evident. Six inches of acid/alkaline/water solution and sludge were visible within the tank.

During tank removal, some of the acid/alkaline/water (less than 10 gallons) solution spilled from the holes

at the tank ends onto the fill material. Soil samples were collected from the floor and sidewalls of the

excavation. Groundwater was not encountered during excavation. The excavation was backfilled with

clean fill material and a mixture of fresh hot tar and excavated soil, and capped with four inches of hot

asphalt.
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Site 21 will not be considered for the Phase I modeling, because it is not considered to be a present or

continued source of contamination to the off-shore areas.

Site 23 will' not be considered for the Phase I modeling, because it is not considered to be a present or

continued source of contamination to the off-shore areas.

Because Site 23 is located within the CIA area, MPSs for Future Industrial Land Use are applicable for

soil and groundwater. For soil, sporadic exceedances PAH MPSs occurred (at 1 to 2 times the residential

MPS) for one of the excavation floor samples. There are no groundwater monitoring wells at this site..

Groundwater contamination is not expected. Site 23 is being considered for no further action.

There are no groundwater monitoring wells at this site. It is not known whether or not groundwater is

contaminated. There were holes found in the tank and some spillage of tank contents occurred during

tank excavation. However, the groundwater table was not encountered during tank excavation. Based

on the inland site location, no impacts to off-shore receptors are expected. Groundwater in the area will

be investigated in the future as part of the West Timber Basin Landfill investigation.
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Site 23 - Chemical Cleaning Facility Tank (Building 174)

Site 26 - Portable OillWater Tanks

2.3.11

The Chemical Cleaning Facility Tank was a 2270-gallon underground tank located between BUilding 174

and Dry Dock 3. The tank operated between 1978 and 1991 and was used for spent cleaning solutions.

During the RFI, the tank was removed according to a closure plan approved by MEDEP. The tank was

found to be intact with no evidence of deterioration. Also, no visual or olfactory evidence of contamination

in the fill material was encountered during tank excavation. Soil samples were collected from the floor and

sidewalls of the excavation. The fill material was replaced during backfilling and covered with a hot asphalt

cap. Tank contents were found to be RCRA hazardous for cadmium (0006) at 1.63 mg/I compared to the

criteria of 1.0 mgt!. No other hazardous characteristics resulted, based on sample results for reactivity,

ignitability, corrosivity, and TCLP.

2.3.12

Portable oil/water tanks at the submarine berths are used for the clean-out of submarine bilges and various

tanks. Resulting oil wastes are pumped to railroad tank cars and properly disposed. Although the tanks

continue to be used, operations have been modified and equipment improved to eliminate spillage and

improve handling methods. Contamination under concrete or pavement is not anticipated, and soil

sampling has not been performed.
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Site 26 will riot be considered for the Phase I modeling, because it is not ~onsidered to be a present or

continued source of contamination to the off-shore areas.

Site 27 was originally known as "Fuel Oil Spill Area at Berth 6". Subsequent investigations revealed metal

contamination in the groundwater which cannot be attributed to the fuel oil spill. The name of the site was

changed to "Berth 6 Industrial Area", to more appropriately describe the site.

Additionally, PNS is undertaking a study of the fuel oil distribution system to determine the condition and

location of its components. T.his study will develop recommendations for the distribution system, including

proper abandonment of unused portions (Bennett Engineering). Along Berth 6, as a result of a recent spill,

portions of the distribution system involved have been removed and the release cleaned up with oversight

by MEDEP..

There are various other underground distribution pipelines which run through Berth 6. In 1981, two lines,

a #6 fuel oil line and a #2 fuel oil line, failed hydrostatic testing and were capped and abandoned in place.

Reportedly, a portion of the abandoned lines were cut and removed during excavation near Building 151.

At that time oil was still in the lines and partially filled. the excavation. The condition of the other

distribution pipelines is unknown.

eTO 1662-19

Site 27 • Berth 6 Industrial Area2.3.13
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The environmental assessment for the Berth 6 Industrial Area was expanded by the Navy in the RFI to

include the tank farm to identify potential causes for fuel oil contamination at Berth 6. The northern-most

portion of the tank farm is located approximately 500 feet southeast of the Fuel Oil Spill Area. These

areas were found to be unrelated and therefore the Fuel Oil Tank Farm investigation was continued

separately under the State permit for that facility. As part of the State permit requirements a more detailed

investigation was recently conducted in the vicinity of the tank farm to determine the extent of

contamination in the vicinity of the tank farm (Stearns & Wheler, ·1995).

In 1978, a ruptured underground pipeline near Berth 6 released #6 fuel oil (Bunker "C"). The pipeline was

used from the early 1920s to 1978 to carry #6 fuel oil for fueling operations and it ran from Berth 6 to the

pump house, Building 151, within the Controlled Industrial Area (CIA). The pipeline ran parallel to and

along Berth 6 and was buried approximately six feet below ground, .A section of the pipeline was

excavated and removed by a contractor. No additional information on the release is available. Reportedly,

. the broken pipeline and surrounding contaminated soil was excavated. The area is currently covered with

asphalt.
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Site 27 will be considered in the Phase I modeling, because it poses a present and future source of

contamination to off-shore areas.

Site 29 will be part of future site investigations. It will be considered in conjunciton with the adjacent Site 6

in the Phase I modeling effort, although existing data is limited.

During the RFI, soil and groundwater samples were cO,lIected along Berth 6. During the tank farm

investigation, TPH analysis was performed for samples in two monitoring wells. Site 27 will be expanded

to include the source area (when located) that has resulted in metals contamination in groundwater.

Aerial photographs reveal that the land beneath and around the Industrial Waste Treatment Plant was

originally used for open pit and incinerator burning. The area was also reportedly used for disposal of

waste paints. The ash and residue were removed after burning and placed in landfills. By the 1950s the

fill was being deposited in the JILF (Site 8).
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Site 29 - Incinerator Site2.3.14

For groundwater, there were isolated exceedances of MPSs for numerous metals including arsenic,

aluminum, cadmium, chromium, lead, manganese, copper, arid beryllium. Inorganics were primarily

detected in the particulate, or possibly colloidal, form. It is uncertain whether these constituents are site

related since metals were not of significant concern for Site 27 soils. Also, the maximum concentrations

of metals were located consistently at two wells that are cross-gradient of the site. GC Fingerprinting

indicated the presence of NO.4 fuel oil (4.8 mg/I) and lube oil (2.9 mg/l). In support of the GC

Fingerprinting, semivolatile TICs were encountered. Free product was observed in two wells. TPH

analysis indicated a detection of 5.0 mg/L at one well. The source of TPH contamination was not

identified, but it is not believed to be solely from the Site 27 fuel spill.

Because Site 27 is inside the CIA area, MPSs for Future Industrial Land Use are applicable for soils.

Groundwater would not be used for industrial purposes, and MPSs are only available for future residential

use. For soils, there were sporadic, slight exceedances (less than 2 times) of MPSs for lead, zinc,

cadmium, and benzo(a)anthracene. Elevated TPH concentrations exceeding 100 mg/kg were detected

at several sampling locations, with the maximum TPH concentration at approximately 40 times the

, guidance level. Fingerprinting of two soil samples (FSB-5 and FSB-6) classified petroleum hydrocarbons

as partly weathered diesel fuel oil.
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Site 30 will be part of future site investigations. It will not be considered in the Phase I modeling effort,
I

because there is no field data or analysis to support the modeling effort.

Site 31 will be part of future site investigations. It will not be considered in the Phase I modeling effort,

because there is no field data or analysis to support' the modeling effort.

The area in the vicinity of Building 237, 154, 306, 129, 158 and H-23 was previously used as a salvage

yard and portions are landfilled areas, including an east timber basin. Site 32 will be part of future site

investigations. It will not be considered in the Phase I modeling effort, because there is no field data or

analysis to support the modeling effort.

Constructed in the early 1870's, Building 62 served as the Shipyard Illuminating Gas Manufacturing Plant,

for about 30 years. At the turn of the century, gas illumination on the Shipyard was replaced by electricity.

Approximately 8,000 gallons of paraffin' or gas oil was used per year as the source for illuminating gas.

Early gas oil illumination advertisements indicate one gallon of oil would produce approximately 100

CTO 166

Site 30 - Galvanizing Plant Building 184

Site 31 - West Timber Basin Landfill

Site 32 - Topeka Pier Site

Oil Gasification Plant, Building 62

2.3.15

2.3.16

)
This area was used for over 100 years for the storage and preservation of timber. As wooden shipbuilding

and repair declined, this area was no longer needed for this purpose. A second timber basin, that had

been constructed after the ,turn of the century was sufficient to handle PNS's requirements. The West

Timber Basin was filled-in prior to WNII. PNS plans indicate that the area was used for the disposal of

general refuse.

Constructed in 1943 as a Galvanizing Plant, Building 184 was closed after World War'lI and most

equipment removed. Later the building was used by the Electrical Manufacturing Department for dye

storage and test equipment. In the late 1950s the space was converted into an area for the cleaning of

piping with the use of suc~ chemicals as sulfuric acid. In the late 1960s the area was converted into the

present day Welding School and Laboratory.

2.3.18

2.3.17
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2.4 SUMMARY OF POTENTIAL SOURCE AREAS

Table 2-1 summarizes all of the sites and lists whether they are to be included in the Phase I modeling.

Sites 5, 12, 13, 16, 21, 23, and 26 will not be considered in the Phase I modeling, because they are not

considered to be present or continuing source areas of off-shore contamination.

gallons of gas. Also, little waste product was produced compared to the more prevalent coal gasification

process.
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The building was subsequently used by Public Works for a variety of purposes, including a blacksmith

shop. This site has not been assigned a number in the Defense Site Environmental Restoration Tracking

System (DSERTS).

Building 62 will be part of future site investigations. It will not be considered in the Phase I modeling effort,

because there is no field data or analysis to support the modeling effort.

Sites 10, 30, 31, 32, and the Oil Gasification Plant will not be considered in the Phase I modeling, because

there is not enough field data or analysis to support the modeling effort. These sites will be part of future

site investigations.

Based on the field investigations and analysis of the 18 Sites (as discussed in the previous section), Sites

6, 8, 9, 11, 27, and 29 will be considered in the Phase I modeling and evaluation, because they are

considered to be present and continuing source areas of off-shore contamination. Site 9 (Mercury Burial

Sites) is located within Site 8 (JILF), and detected contamination at, Site 9 has been determined to be

associated with Site 8, rather than the burial of mercury vaults. Therefore, Site 9 will not be considered

as a separate source area, but as part of Site 8. Similarly, Site 29 will be considered part of the adjacent

'DRMO (Site 6) at this time.
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Included Not Considered as Not Enough Data to
in Phase I Continuing Source Support Modeling,
Modeling of Contamination, Sites Part of Future

Will Not Be Modeled Investigation

Site 5 - Industrial Waste Outfalls X
Site 6 - Defense Reutilization and X

,

Marketing Office (DRMO) Salvage Yard

Site 8 - Jamaica Island Landfill (JILF) X
Site 9 - Mercury Burial Site I and X(8)

Mercury Burial Site II (MBI and MBII)

Site 10 -Battery Acid Tank No. 24 X

Site 11 - Former Waste Oil Tanks X
Nos. 6 and 7

Site 12 - Boiler Blowdown Tank No. 25 X
Site 13 - Rinse Water Tank No. 27 X
Site 16 - Rinse Water Tank No. 34 X
Site 21 - Acid/Alkaline Drain Tank X (soil) X (groundwater)

Site 23 - Chemical Cleaning Facility X
Tank (Building 174)

Site 26 - Portable OillWater Tanks X

Site 27 - Industrial Area at Berth 6 X

Site 29 - Incinerator Site X(b j

Site 30 - Galvanizing Plant Building 184 X

Site 31 - West Timber Basin Landfill X

Site 32 - Topeka Pier Site X

Oil Gasification Plant, Building 62 X

(a) To be included as part of Site 8 in modeling.
(b) To be included as part of Site 6 in modeling.
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TABLE 2-1

SUMMARY OF SITES TO BE INCLUDED IN THE PHASE I MODELING
PNS, KITTERY, MAINE
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3.1 MAJOR SITE CHARACTERIZATION QUESTIONS

3.0 PROJECT OBJECTIVES AND MODELING STRATEGY
I

Efficient and cost-effective approaches should be developed and utilized to answer these important

questions. Limited resources and efforts can be better utilized when these basic questions are considered

Several studies (refer to Section 2.0) have been conducted at the PNS in order to collect important

information regarding the levels of contamination and their potential impacts to the on-shore and off-shore

environment underlying and surrounding the PNS. Ten general questions about conditions at the PNS are:

eTa 1663-1

1. What are the major contaminant source areas?
2. What are the major contaminant migration pathways?
3. Are there any abnormal geochemical conditions (relative to a fresh groundwater condition)

which might facilitate faster contaminant movements? How can these conditions be
characterized? .

4. Are there any special physical processes (relative to a non-tidal flow condition) which might
facilitate faster groundwater contaminant movements?

5. What are the major receptors and exposure scenarios?
6. What are the appropriate sediment and water quality criteria?
7. What are the potential cross-media COCs (defined as constituents whose concentrations in one

media [e.g., soil] are of concern because of their potential impact to another media [e.g.,
groundwater or surface water] due to uncontrolled migration in the environment)?

8. Have groundwater, surface water and sediment concentrations at various locations reached the
location- and media-specific maximum levels yet? If not, what will be the maximum levels and
when will they occur?

9. What are the contributions of on-shore contamination (e.g., contaminated groundwater) to
current surface water and sediment contaminations?

10. What are the necessary and feasible corrective actions?

Global questions regarding the characteristics and potential impacts to the on-shore and off-shore

environment due to on-shore contamination found at the PNS are first identified to guide the development

of an efficient modeling study. By. determining which ·of the identified global questions can best be

answered using model simulations, \objectives of the proposed modeling study are then defined. According

to these objectives, an efficient strategy for conducting the modeling study is developed. The strategy may

include multiple phases of model development and applications, starting with simpler analytical models.

Due to the relative simplicity of analytical models, key questions regarding contaminant fate and transport

in the study area will be reasonably answered in a timely manner. The need for a Phase II modeling task

will be evaluated after the completion of the initial phase of the modeling study. The Phase II modeling,

if it is needed, could entail a refinement of the Phase I models and only incorporate additional data, an

improved understanding of trends, and an improved understanding of contaminant migration or the Phase

II modeling could entail development of more complex numerical model.
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3.2 ROLE OF THE MODELING STUDY

Based on the data conditions at the PNS, examples of appropriate model applications are to link and

interpret all of the available data,' to identify potential data gaps, to evaluate sensitivities of important

factors, and to provide an additional tool to be used in making remedial decisions. Modeling can assist

in making remedial decisions by predicting future conditions with acceptable uncertainties. The achievable

level of accuracy or necessary degree of conservatism of a model greatly depends on available data and

complexities of the physical and chemical processes to be simulated. The intended use of the modeling

results will determine the required accuracy and conservatism.

A cross-media modeling study is proposed to interpret the existing on-shore and off-shore data and provide

reasonable predictions of the future conditions. Before specific modeling objectives and the modeling

.approach can be selected and justified, the role of the modeling study needs to be clarified. A modeling

study cannot be a complete substitute for direct field measurements. The reliability of a model will depend

on available data for model development. Long-term modeling results will need future data for validation.

Therefore, the appropriate role of a modeling study can be justified only by the available data and the

intended use of the modeling results.

for environmental studies to be conducted at the PNS. It is recognized that modeling is not the only way

to answer these questions. However, when modeling is applied, the design and execution of the modeling

study need to center around the above listed questions. Specifically, answers to the first six questions

based on available data need to be incorporated into conceptual models of the study area before a model

is developed and applied. An appropriate modeling approach should be developed according to the

conceptual models. Results of model simulations may be used to provide and support answers to the last

four questions.
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The "level of conservatism" can be defined as how the model inputs and simplifications relate to the

uncertainty in the input parameters and in the model simplifications. For instance if a model input

parameter is not known with certainty and a range of possible input values is available, the input parameter

can be chosen so that the predicted concentration at the receptor will be estimated high to account for the

uncertainty in the knowledge of the input parameter. The model results could then be said to be

conservative. If the input parameter is chosen such that it is the highest in the range of reasonable input

parameters resulting in the highest receptor concentration, the model could be said to be highly

conservative, or to have a high "level of conservatism".
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3.3 GENERAL MODELING STRATEGY

3.3.1 Phases of Study

The general guidelines for conducting the proposed modeling study inc::lude:

In order to quickly evaluate the conditions at the PNS, Phase I (screening modeling) of the proposed

modeling study will use simple and efficient analytical models. A shorter turnaround time will be achieved

with these analytical models. The primary focuses of the Phase I modeling include COC screening and

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 Feasibility Study

CTO 1663-3

This work plan outlines the proposed modeling study. The current understanding ot-the study area, model

development process, major assumptions, and intended model applications are presented. In summary,

the modeling study will first interpret the existing data and develop reasonable conceptual models of the

hydrogeological conditions and contaminant fate and transport processes at major source areas within the

PNS. An efficient modeling strategy with multiple phases of model development and applications with

increasing levels of complexity is presented. The need for increasing the model complexity will be

evaluated at the end of the initial phase of the modeling study. 0 Appropriate analytical and/or numerical

models will be selected in each phase to implement the source-area-specific conceptual models and to

provide quantitative predictions of future conditions at receptor locations under the no-action scenario.

maximize the use of available data;

obtain appropriate justifications for assumptions;

develop site-specific integrated models;

evaluate sensitivity/uncertainty of key factors;

link results to decision-making;

interact with the regulatory agencies throughout the project; and

accomplish all of the project objectives.
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Based on these guidelines, an efficient modeling framework is proposed for conducting the modeling study.

Figure 3-1 shows this modeling framework. Important features of this framework include up-front

identification of issues and questions to be answered about the study area, utilization of previous study

results, multiple phases of model development with increasing model complexity, and incorporation of

regulatory comments throughout the modeling stUdy. Further discussions regarding the modeling phases,

complexities and types of models, and level of conservatism· are presented in following subsections.
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MEETING

• INITIAL MEETING

• PRESENTATION OF
THE DRAFT PHASE I
WORK PLAN

• PRESENTATION OF
THE DRAFT PHASE I
REPORT

• PRESENTATION OF
THE DRAFT PHASE II
WORK PLAN

• .PRESENTATION OF
THE DRAFT PHASE II
REPORT
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3.3.2 Levels of Conservatism

I

Modeling of specific remedial alternatives is beyond the scope of the Phase I modeling study. However,

the models developed in the multi-phase study will be capable of supporting the source-area-specific

feasibility study in the future, if necessary. Remaining sections of this work plan will present the approach

of the Phase I modeling.

Phase I modeling results will be used to determine the need of additional modeling with increased model

complexities, resolutions, and domain. Potential Phase II (detailed) modeling may focus on COCs that

have· significant impacts in the near-shore area predicted by the ·Phase I modeling. If the Phase II

modeling is necessary, an appropriate technical approach will be defined in a separate work plan (i.e., the

Phase .II Work Plan).

to develop the final estimation of baseline impacts. Uncertainties and relative sensitivities of model

parameters will be determined. During Phase I of the modeling study, any critical data gaps will be

identified and presented in a formal report (Le., Phase I Modeling Report). Figure 3-2 presents the

process of the Phase I modeling study. Various steps of this process will be discussed in the following

sections of this work plan. The objectives of the Phase I modeling study can be summarized as follows:

GTO 1663-5

Evaluate the completeness of existing data;

Conceptualize the on-shore and off-shore cross-media contaminant fate and transport

processes;

Conduct an initial quantitative assessment of the baseline conditions and impacts to the off­

shore environment for each major contaminant source area; and

Determine the need for additional, more detailed modeling studies (If warranted).

049602/P

Because the nature of the Phase I modeling study is a quantitative screening evaluation of the overall

conditions at the PNS, conservative assumptions and simplifications regarding the complex physical and

chemical processes are necessary. In general, a higher level of conservatism will be used for model

development and parameter estimation. However, existing data will be utilized to bound the necessary

level of conservatism. The models will be as realistic and site-specific as can be supported by the

available data and field observations. When data is found to be Iimit~d for determining the values of

specific model parameters, ranges of literature values and regUlatory guidances will be used in uncertainty

analyses to define the range of possible model predictions. In addition to the bounded estimates, Monte

Carlo simulations will be conducted to present probabilistic evaluations of potential baseline impacts.
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3.3.3 Criteria of Success

Success of the Phase I modeling study will be evaluated by the following three criteria:

Compliance with the guidelines presented in this work plan;

Amount of time and effort savings achieved by using the screening modeling approach; and

Overall improvement of the understanding of potential impacts of on-shore contamination

sources to off-shore areas.

The necessary levels of model conservatism of any source area may potentially lead to unreasonable

estimates of baseline impacts. Examples of unreasonable estimates include an excessive COC list and

receptor concentrations that cannot be substantiated by the general understanding of the study area. In

these instances, no final conclusion regarding baseline impacts can be made at the end of the Phase I

modeling study. However, at a minimum, critical model parameters and possible field or laboratory

measurements that can be used to improve the model accuracy in future modeling studies will be

identified.

eTO 1663-7

Specifically. the Phase I modeling will be judged a success if it can answer the questions listed in

Section 3.1 within an acceptable uncertainty which will not affect the conclusions of the risk assessment.

If the Phase I modeling cannot answer all of the questions in ~ection 3.1, the modeling will still be

successful if it can identify the reasons that these questions cannot be answered (e.g., data gaps, Phase I

models not sophisticated enough). The Phase I report will then be successful if it can answer these

questions itself, or identify the possible need of the Phase II modeling to answer these questions. In this

case, the Phase I modeling will also be successful if it can lay the framework, narrow the scope, and set

the direction for the Phase II modeling (if required) and therefore facilitate the final decision making

process.

Results of the evaluation will be presented in the Phase I Modeling Report.
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4.1 PURPOSE

4.2 POTENTIAL SOURCES OF PRELIMINARY CRITERIA

4.0 IDENTIFICATION OF PRELIMINARY CRITERIA

The Phase I modeling will estimate off-shore surface water and sediment concentrations due to transport

of on-shore Site-related contamination. In order to assess the impact of on-shore contamination to the

near-shore zone, predicted surface water and sediment concentrations will be compared to surface water

and sediment criteria. This task will identify appropriate preliminary criteria for this comparison with

predicted near-shore zone concentratio~s.

CTO 1664-1

Draft off-shore Media Protection Standards (MPSs) are available for surface water and sediment quality

(based on human health risk scenarios). Off-shore preliminary remediation goals based on ecological

receptors are being developed and will be used as a source of preliminary criteria if they become available

during the Phase I modeling effort. If the off-shore ecological preliminary remediation goals are not

available during the Phase I modeling, other established surface water and sediment criteria will be used.

Examples of other established surface water and sediment criteria are listed below.

0496021P

Surface water quality criteria have been established by both the Maine Department of Environmental

Protection (MEDEP) and the U.S. Environmental Protection Agency (EPA). Maine Ambient Water Quality

Criteria and the following two EPA documents will be considered in developing off-shore COCs. The

original EPA document entitled, "Quality Criteria for Water, 1986" (EPA, '1986), has been revised for

human health consumption of organisms and water in a later document entitled, "Origin of Human Health"

(EPA, 1991a). If ecological criteria is not available from these three sources, USEPA Region III Biological

Technical Assistance Group (BTAG) screening levels (EPA 1995) will be considered. These two EPA

documents, the ~aine Ambient Water Quality Criteria, and the BTAG screening levels represent a

comprehensive list of surface water quality criteria for the off-shore COCs.

Sediment quality criteria have been developed and published for estuarine sediments by the USEPA and

the u.s. National Oceanic and Atmospheric Administration (NOAA). The USEPA has established sediment

quality criteria for five PAHs and pesticides: phenanthrene, fluoranthene, endrin, dieldrin, and

acenapthene (USEPA, 1994). The NOAA (Long and Morgan, 1990 and Long et. aI., 1995) has established

sediment quality guidelines for metals, PAHs, PCBs, and pesticides. It is anticipated that the NOAA

guidelines will provide the criteria for the off-shore COCs.
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5.2 LIST OF INITIAL COCS FOR SCREENING MODEL

5.1 PURPOSE

5.0 INITIAL CONTAMINANTS OF CONCERN EVALUATION

Figure 5-1 shows the general procedure that will be used to determine an initial list of COCs for the

Phase I modeling. This procedure will be performed for each of the five Sites (6, 8, 11, 27, and 29)

identified in Section 2 for soil and groundwater.

CTO 1665-1

In order to perform the screening analysis, it is necessary to establish an initial list of COCs for each Site

to be modeled and zones of contamination where each COC has been detected, This task will summarize

and qualitatively evaluate existing information that will be used to select an initial list of potential COC~.

The list will become the starting point of subsequent model evaluations:

Contaminants detected on-shore can become potential COCs in two ways: (1) through potential mobility

to the off-shore environment, and (2) by detection in the off-shore environment and designation as off­

shore COC in previous studies. First, on-shore contaminant detections for soil and groundwater will be

related to off-shore receptors (surface water) and compared to off-shore surface water criteria. As an

example of how the on-shore soil concentration can be related to the off-shore surface water

concentration, the maximum leachate concentration originating from the on-shore soils could be calculated

by dividing the maximum on-shore soil concentration by the soil/water partitioning coefficient Kd(sOil)' The

maximum leachate concentration could then be compared to off-shore surface water human health

preliminary remediation goals and ecological surface water criteria as described Section 4.2. The on-shore

groundwater concentrations would also be compared to the off-shore surface water criteria. Second, off­

shore COCs for ecological and human health criteria which have been detected on-shore and can be

attributed to the on-shore source area would also be considered a potential COCo

0496021P

It is anticipated that this conservative approach will produce a lengthy potential COC list at each Site.

A qualitative screening based on mobility and environmental decay will be performed on the potential COC

list. Potential COCs which would not likely be transported through the groundwater due to their affinity

for binding to the soil or would likely degrade before reaching the surface water would be eliminated from

the potential COC list. Additionally, frequency of detection and frequency of exceedances will be

considered. At that point, the potential COC list would be presented for regulatory review. This

presentation will detail, through the use of tables, every step of the screening process including the

justification for eliminating any chemicals detected at a Site from the potential COC list. Following
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5.3 ON-SHORE ZONES OF CONTAMINATION

regulatory review and acceptance, the potential COC list for each Site will become the initial COCs used

in the Phase I modeling.

The off-shore surface water criteria were referenced in Section 4.0. Off-shore ecological COCs were

defined for six specific areas of concern around the perimeter of the facility: Clark's Cove, Sullivan Point,

DRMO, Dry Docks, Back Channel, and Jamaica Island (MESO, 1995). Off-shore human health COCs

were defined for the estuary (Halliburton NUS, 1995c).

The on-shore zones of contamination will be determined by considering the contaminant detections at each

Site and the contaminant pathway to an off-shore area. Initial zones of contamination will be based on
. I .

the area distribution of contaminant detections. Sub-zones of contamination may be defined according

to the contaminant pathway to an off-shore area. For example, if one contaminant is detected throughout

the Jamaica Island Landfill (Site 8), it will be necessary to define two sub-zones of contamination: one

where the contamination travels toward Clark's Cove and one where the contamination travels toward the

Back Channel.

. eTO 1665-3

Contaminant detections for soil at each site will be obtained from a database that was developed from raw

data for the On~Shore Feasibility Study (Halliburton NUS, 1995a). The database has since been revised

with validated data and has been re-submitted by U.S. Navy Memorandum to the U.S. EPA and MEDEP

(USNAVY, 1995b). In order to perform the Phase I modeling in a timely manner, contaminant detections

for groundwater will be obtained from this existing data (RFI and RFI Data Gap). Because of high turbidity
)

in the existing groundwater data; low-flow sampling is planned for the winter of 1996 as part of the

Groundwater Investigation and M()nitoring Plan (B&R Environmental, 1996b). It is believed that using the

existing groundwater data in the Phase I Modeling will be conservative since the high turbidity should

cause the groundwater concentrations to be estimated high (unfiltered concentration data will be used).

Use of this data will produce corresponding high model predictions of off-shore contaminant concentrations

Once the low-flow sampling data becomes available, the modeling results will be evaluated to determine

if revisions to the modeling will be required.

0496021P
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6.2.1 Site Conditions

6.1 PURPOSE

6.2 ON-SHORE CONCEPTUAL MODEL

Geology

eTa 1666-1

Before the analytical model is specified, on-shore and off-shore conceptual models need to be developed

that are appropriate representations of actual site conditions. Additionally, a conceptual integration of the

on-shore and off-shore models needs to be developed. For the on-shore model, contaminant sources

need to be characterized, and important contaminant fate and transport pathways and processes need to

be identified. For the off-shore model, hydrological zones, important contaminant fate and transport

pathways and processes, and off-shore receptors need to be identified. For the on-shore and off-shore

integration, both the hydraulic connection and definition of cross-media contaminant transport need to be

defined.

6.0 CONCEPTUAL MODEL DEVELOPMENT

This section first describes an on-shore assessment of the site conditions at the PNS based on three

investigations: RFI (McLaren/Hart, 1992b), RFI Data Gap (Halliburton NUS, 1995d), and Oil Terminal

Facility (Stearns & Wheler, 1995). Then, the on-shore conceptual model is described based on

simplifications of the site conditions. Important contaminant fate and transport pathways and processes

that will be considered in the analytical modeling are identified.

The geologic materials encountered in subsurface investigations at PNS can be grouped into three general

units: bedrock, native unconsolidated materials, and man-emplaced fill.

The bedrock is likely part of the Merrimack Group, which includes the Kittery, Berwick, and Eliot

formations. These formations consist of a spectrum of fractured, coarse-grained to fine~grained meta­

sedimentary rocks. As a result of erosion, the bedrock formations have been leveled and now have a

gentle, uneven surface of low relief. At PNS, bedrock elevations are highest within the historical island

interiors and lowest along the facility margins.

The bedrock surface is masked by unconsolidated deposits. On hills and ridges, bedrock is veneered by

glacial till, a result of the most recent glaciation (Wisconsinan). Other unconsolidated materials located

0496021P
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Hydrogeology

along the coastal areas consist of modem beach deposits and tidal flats. At PNS, tidal flat and beach

deposits were identified in boring logs. Glacial till was not explicitly identified, but there were identified

intervals of unsorted gravel, sand, and silt, which fit the typical description of glacial till.

Between the historical islands, man-emplaced fill overlies the native unconsolidated materials and bedrock.. .

In these areas, the combined thickness of the fill and natural deposits (referred to here as the overburden)

typically ranges from 15 to 25 feet, but is as much as 40 feet at the DRMO and 60 feet at the JILF. By

comparison, the overburden thickness is on the order of 5 feet at the historical island interiors and 5 to

15 feet along the historical island margins.

Shallow groundwater flow directions closely mimic the surface topography. Groundwater flow gradients

are steepest within the historical island boundaries, where the bedrock surface slopes steeply and the

overburden thickness is minimal. Where the saturated thickness of the overburden increases (fill areas),

groundwater flow gradients decrease as a result of the overall higher hydraulic conductivity of the

overburden materials. Slug test results confirm that overburden materials have hydraulic conductivities

that are 1 to 2 orders of magnitude higher than those in the shallow bedrock.
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Groundwater movement is from the interiors of the four historical islands (Dennett's, Seavey, Jamaica, and

Clark's) to the island margins. The areas of higher topographic elevation in the island interiors, which also

correspond to areas of higher bedrock surface elevation, are recharge areas (i.e, an area where the net

saturated flow of groundwater is downward). Near the shoreline, the vertical component of groundwater

flow tends to be upward. Groundwater moves downward and laterally through the overburden and bedrock

toward the ultimate discharge areas, the Piscataqua River and the Back Channel.

Groundwater in the bedrock occurs principally in fractures. Near the bedrock surface, fractures are

pervasive because of weathering. With depth, the size and interconnectedness of fractures generally

decrease, potentially limiting the movement of groundwater. At PNS, hydraulic conductivity generally

decreases with depth. Groundwater flow in the bedrock does not seem to be structurally controlled, at

least to the depths of the wells at the PNS facility. Groundwater flow patterns at the facility appear to be

related more to topography and the locations of groundwater recharge and discharge areas, rather than

being controlled by bedrock structure (i.e., strike/dip of bedrock units, major lineaments, etc.).

Groundwater flow patterns do not indicate any preferential directional flow along a structural feature or

structural trend. While groundwater flows preferentially within fractures in the bedrock, and there may be

some horizontal anisotropy at a fracture-specific scale, the overall groundw~ter flow through the bedrock
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Hydrology

Seasonal variations in rainfall affect the amount of fresh-water recharge to the facility-wide groundwater

flow system and to local fresh-water tributaries to the Piscataqua River. Yearly rainfall has been reported

as 40 inches per year (Short, 1992). Based on a HELP model database of precipita.tion for five years at

Portland, Maine (1974 through 1978) and Nashua, New Hampshire (1977 through 1981), the average

is through a large-scale network of intersecting fractures, from topographically high areas to the island

margins. There is no evidence that on a large scale groundwater flows preferentially along one or more

preferential alignments related to bedrock structure, including preferred fracture orientations. Variability

in the hydraulic conductivity with depth could not be related to any structural trend.

In summary, groundwater flow at the PNS facility consists of fresh groundwater, originating from

precipitation at the island interiors, flowing downward and outward through the bedrock and overburden.

Near the shorelines, tidal effects result in a localized back-and-forth movement of water in the overburden

and bedrock; however, the net flow is outward 'into the Piscataqua River and the Back Channel.

Groundwater flow at PNS appears to be a localized system that is not affected by the mainland

groundwater flow system.

eTO 1666-3

Near the present-day shoreline of PNS, tidal effects are seen in both the overburden and bedrock

groundwater. During high tide portions of the tidal cycle, sea-water moves from the estuary to the facility,

creating a groundwater depression within the facility perimeter, where fresh groundwater flow directions

oppose the sea-water intrusion. Near the shoreline, the tidal range is nearly identical to the tidal range

of the Piscataqua River. Further inland, the tidal range decreases to nearly zero, and inland of this

boundary, groundwater is not affected by tidal waters.

Within the bedrock, groundwater elevations decrease with depth (downward gradient) in the island

interiors, an indication that the historical islands are the source of water to the deeper bedrock.

Groundwater conditions in the deep bedrock wells are fresh. An upward gradient from ,deep bedrock to

shallow bedrock within the island interiors would suggest some regional flow from the mainland to the

island, while a downward gradient would suggest that the island groundwater is recharged from the island

itself. Based on the downward vertical gradient at PNS, there is no evidence of regional groundwater flow

from the mainland, at least to the depths investigated (i.e., 150 feet below ground surface). Near the

shoreline, deep bedrock groundwater levels are comparable to the shallow groundwater and Piscataqua

River water levels. Groundwater conditions are brackish to saline, an indication of a hydraulic connection

to the Piscataqua River or Back Channel.

049602/P
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Contaminant Fate and Transport

Leachate generation from source material occurs either directly from a liquid source or liquid contact with

fill material. Infiltration enters the subsurface and permeates through the unsaturated overburden material

yearly rainfall was about 45 inches/year. The highest amount of rainfall occurred during the months of

October, November, December, January, and March (greater than 4 inches per month). During the

remaining months, greater than 3 inches of rainfall occurred. This suggests that there is substantial rainfall

each month and no apparent dry season.

Soil and/or groundwater contamination have been identified at Sites 6 (and 29), 8, 11, and 27. Based on

the previous introduction to the PNS hydrogeology and hydrology, contamination from defined source

areas is transported through a variety of pathways to off-shore surface water and sediment, and ultimately

to off-shore ecological receptors (refer to Figure 6-1).
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At latitudes in the northeast United States, including the Great Bay Estuary, tidal cycles are semi-diurnal,

which means that two tidal cycles occur per day. The actual time of a tidal cycle averages 12 hours and

25 minutes. The average tidal range is 8.8 feet at the mouth of the estuary and 8.1 feet at Portsmouth,

New Hampshire (Short, 1992). During the RFI Data Gap investigation, the measured tidal range at two

staff gauges at PNS was 7.2 feet near the DRMO and 8.0 feet in Clark's Cove.

Throughout the year, freshwater input to the estuary typically represents only two percent or less of the

tidal volume (Short, 1992). Therefore, the water level in the estuary is less influenced by freshwater input

and more influenced by tidal effects (variations in the relative positions of the earth, moon, and sun).

When the sun and moon are in-line with the earth, their gravitational forces work together to produce

higher tides. These tides are called "spring" tides and occur at the full and new moons. When the moon

is at r.ight angles to the sun, their forces are working against each other and lower tides result. These

tides are called "neap" tides. There are 13 lunar months in a year, so there are 26 spring and neap tides.

Seasonal variation in precipitation and lunar-phase induced changes in the tide levels affect the amount

of groundwater discharge and contaminant transport from the facility to the estuary (during low-tide

portions of the tidal cycle) and the amount and extent of sea-water intrusion from the estuary to the facility

(during high-tide portions of tidal cycle). During the months when precipitation is highest and during neap

tides when tide levels are lowest, groundwater discharge from the facility to the estuary is likely to be

higher and sea-water intrusion is likely to be lower.
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occur.

6.2.2 Conceptualization

The section describes the conceptualization of the on-shore analytical model based on simplifications of

the site conditions.

(fill and native sediments) to the saturated groundwater table. In the unsaturated zone, contaminants

adsorb and desorb to the overburden material as well as dissolve in groundwater.
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Source Characterization

Upon reaching the saturated zone, groundwater flows through the overburden and fractured bedrock

toward the Piscataqua River and the Back Channel. In the saturated zone, contaminants adsorb and

desorb to and from soils or the aquifer media. Transportation of dissolved contaminants are governed by

advection, dispersion, and retardation in the groundwater. Natural decay of organic contaminants may

During low-tide portions of the tidal cycle, groundwater (and associated contamination) discharges directly

from the overburden and shallow bedrock into off-shore surface water and sediment. Groundwater

discharges indirectly from the overburden to surface water and sediment via groundwater seeps. During

high-tide portions of the tidal cycle, sea-water intrusion inhibits groundwater discharge from the facility.

Groundwater in the deep bedrock does not discharge to off-shore surface water and sediment along the

PNS facility perimeter (shoreline area). The discharge point for the deeper groundwater is likely further

out in the river. The hydraulic COflductivity decreases with depth so that the volume of discharge from the

deep bedrock groundwater to surface water will not be as significant as the groundwater flow from the

overburden. In addition, due to the higher hydraulic head expected in the mainland area in comparison

to PNS and the short distance between the mainland and the PNS, deep groundwater discharge from the

island to the Back Channel area is expected to be minimal (if any).

On-shore surface run-off, which may' contact surface soil, travels toward the Piscataqua River and the

Back Channel. However, in paved areas, run-off is collected and discharged from a storm sewer system

to the Piscataqua River and the Back Channel. Wind dispersal of surface soils may transport

contamination to other on-shore or off-shore locations. On-shore contaminated soil may be eroded by the

surface/tidal water where .river currents are strong and transported to other off-shore locations.

6.2.2.1

Potential sources of future off-shore contamination have been identified at Sites 6 (and 29), 8, 11, and 27.

Based on an evaluation of the initial contaminants of concern (discussed in Section 5.0), a list of COCs
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Because surface soils are either covered with pavement or have insignificant contamination, the transport

of contamination via surface run-off or wind dispersal is considered to be insignificant. These pathways

will not be considered for the analytical modeling.

The two primary pathways of on-shore contaminant migration are from the contaminant source to

subsurface soil to saturated groundwater and the contaminant source directly to groundwater (refer to

Figure 6-1). The primary contaminant pathways from the on-shore to the off-shore are from groundwater

directly to surface water.and sediment. These pathways will be considered for the analytical modeling.

for soil and groundwater and corresponding on-shore zones of contamination will be defined for the

analytical modeling. For each COC, the 95th percentile of the mean (upper confidence limit) of the

detected concentrations within the defined zone of contamination will be estimated and assumed to be a

representative concentration for the zone.

In general, tidal erosion of contaminated soil is expected to be minimal, because the rocky intertidal zone

provides protection along the facility perimeter. However, at the DRMO (Site 6), fill along the shoreline

may be subject to the washing of fine particles (colloids) from the soil matrix by tidally induced

groundwater flow fluctuations. The Phase I Modeling will, however, account for contaminants being

released by this mechanism through the use of the existing unfiltered groundwater data (the unfiltered

groundwater concentration data will account for the contaminant mass of suspended solids being released

to the surface water).

.' ,CTO 1666-7

Important Contaminant Pathways

The zones of contamination will be defined both for an area of the facility and with depth. Based on the

equipotential lines on the cr-oss section plots contained in the RFI Data Gap report (HNUS, 1995) the major

component of groundwater flow is horizontal, however, there is an upward component near the shoreline.

For deep groundwater, upward gradients near the shoreline can be used to project the discharge area to

the river. In addition, the conductivity generally decreases with depth and is much less in the bedrock than

in the overburden. In determining contaminated discharge to off·shore areas, the depth of bedrock, the

depth of the Piscataqua River and the Back Channel, and the vertical profile of contamination in the

groundwater will be considered. Due to the generally higher contaminant concentrations in the overburden

and higher hydraulic conductivity in the overburden, it is anticipated that the majority of the contaminant

release will be from the overburden. The depth of groundwater contamination in the overburden may be

used as the thickness of the contamination plume' to estimate the volume rate of the contaminated
. -, .

discharge to the off-shore, however, this will be more fully evaluated during the Phase I modeling.

049602/P
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Based on the contaminant pathways to be considered in the analytical modeling, important contaminant

fate and transport processes include the adsorption and desorption of contaminants to and from both

unsatu'rated and saturated porous media (fill and native sediments), advection and retardation of dissolved

contamination in groundwater, and the natural decay of contaminants.

For each COC and corresponding zone of contamination, the transport processes and pathways will be

evaluated. The migration of inorganic contaminants from the on-shore environment to the off-shore

environment could be affected by several geochemical process which may be occurring at PNS, such as

the mixing of low ionic strength fresh water with high ionic strength salt water and the mixing of reduced

groundwater with oxygenated estuarine water. Under steady-state equilibrium conditions, the direct

measurements of contaminant concentrations in groundwater and seep samples will reflect the effects of

all the on-going geochemical processes between the source and discharge point. While these processes

will effect the solid/water partitioning coefficient (Kd), this will be accounted for in the modeling by using

two solidlliquid partitioning coefficients, one for the soils/water (Kd(SOil») and another one for (Kd(sediment»)

at the' groundwater discharge point. Seep/sediment sampling is proposed to be conducted at PNS,

however, like the low flow groundwater sampling data it will not be available for the initial Phase I

modeling. When available, the seep/sediment sampling results will be used to calculate Kd(sediment) and

the initial Phase I modeling revised, if necessary.

The analytical model will not consider sediment transport, but the predicted sediment concentrations will

be higher without considering sediment transport. Since much of the on-shore contamination is either

covered (with pavement, and/or vegetation) or present below the ground surface (e.g. contamination from

leaking underground storage tanks), the most significant sediment generating contaminant transport

pathway from lan'd to sea is through the groundwater. The highest sediment concentration, due to

contaminant migration in the groundwater, will occur where the groundwater discharges through the

sediment to the surface water. If sediments are contaminated due to groundwater discharge at several

locations, (i.e. just off-shore from various sites), and the sediments are transported in the surface water

to a depositional area (such as·a harbor), the mixed· sediment concentration in the harbor will not be any

higher than the highest sediment concentration off-shore of any of the sites. Therefore the most

conservative sediment concentration due to current day sources will be the sediment concentration at the

source (off-shore of the site before transport). To make a conservative estimate of sediment concentration

due to contaminant migration in groundwater, the transport of sediment in the surface water does not need

to be simulated.

6.2.2.3
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Important Contaminant Fate and Transport Processes
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6.3 OFF-SHORE CONCEPTUAL MODEL

Hydrology

6.3.1 General Hydrology and Ecology

The Great Bay Estuary extends 15 miles inland from the mouth of the Piscataqua River and Portsmouth

Harbor to the Great Bay. The estuary is a drowned river valley with high tidal energy, deep channels, and

fringing mud and tidal flats. The estuary derives its freshwater inflow from seven major rivers. However,

the tidal component of flow dominates over the fresh-water influence throughout most of the year (fresh­

water input represents two percent or less of the tidal volume).

CTO 1666-9

Receptors

On-shore receptors include facility personnel that may inhale or contact contaminated surface soils and

subsurface materials, and contact contaminated groundwater. Inhalation of contaminated surface soils

can be addressed via conventional risk assessment. Moreover, facility groundwater is not a current or

future drinking water source. Therefore, the objectives of this study are to assess the fate and transport

of on-shore contamination to off-shore receptors. On-shore receptors are not considered in the conceptual

model or analytical modeling effort.

It is anticipated that solidlliquid partitioning coefficients (Kd) calculated from existing site analytical data

will be used to estimate the mobility of contaminants in the Phase I modeling. If literature Kd values need

to be incorporated into the modeling, water quality parameters (such as those to be taken during the

groundwater monitoring and seep/sediment sampling) can be used to qualitatively aid in the fate and

transport analysis. When additional water quality parameter results are available, they can be used to

qualitatively determine what range of literature Kd values are reasonable.

6.2.2.4

049602/P

This section first describes an off-shore assessment of the general hydrology and ecology of the Great

Bay Estuary with particular emphasis on conditions in the vicinity of PNS. The text is derived from three

reports: The Ecology of the Great Bay Estuary, New Hampshire and Maine; An Estuarine Profile and

Bibliography (Short, 1992), Estuarine Ecological Risk Assessment (EERA) for Portsmouth Naval Shipyard

(Johnston et. aI., 1994), and Sedimentology of the Lower Great Bay/Piscataqua River Estuary (Ward,

1995). Then, the off-shore conceptual model is described based on simplifications of the estuarine

conditions. Important contaminant fate and transport pathways and processes that will be considered in

the an'alytical modeling are identified. Additionally, off-shore receptors are discussed.
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The main tidal flow in the Piscataqua River is confined to a central channel in the river. Rapid flushing

occurs in the main channel, with only gradual mixing to and from near-shore areas. For the lower

Piscataqua River, flushing rates range from 6 to 12 tidal cycles.

The PNS facility is located in the Piscataqua River in the lower part of the estuary. Strong tidal currents

and mixing limit vertical stratification. Maximum current velocities occur during ebb tides at or near the

water surface and average 1.5 to 2.0 meters/sec. Spring tide currents are as great as 2.5 to 3.0

meters/sec.

The sources of sediments to the estuary originate primarily from shore erosion, run-off from freshwater

tributaries, and biological productiVity. Due to the rocky nature of the land surrounding the estuary and

the relative thinness of till deposits, it is unlikely that substantial amounts of fine-grained sediment are from

shore erosion. Instead, the major source of fine-grained material is from freshwater tributaries.

Since freshwater inputs to the estuary are relatively low, tidal currents are more important to overall water

movement than density-driven circulation patterns (currents and stratified flow conditions caused by the

difference in density between saltwater and fresh water). Wave energy is considered to be very low,

having minimal effects upon coarse-grained beach sediments. However, wave action on the muddy tidal

flats causes re-suspension and transport of sediments..
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In general, total suspended sediment concentrations are low and vary little across the channel cross­

section and with depth. Based on the EERA investigation near the PNS facility, measured total suspended

solids averaged 10 mgll and ranged from' 7.5 to 13 mg/1. Based on the investigations for the

Sedimentology Report (Ward, 1995), total suspended solids concentrations ranged from 1.5 to 6 mg/1.

Salinity seasonally varied from 20 to 30 parts per thousand, but was nearly constant with depth. Dissolved

oxygen was at or above saturation levels (9 mgll) for all stations.

In the main channel, bottom sediments consist of poorly sorted gravel and sandy gravel with finer-grained

sediments. In the vicinity of PNS, there are several large areas of fine-grained sediment accumulation

where bottom sediments consist of sandy mud and mud. Along the facility perimeter, the Clark's Cove

embayment is the primary area of accumulation. Smaller areas of accumulation occur along the facility

perimeter near Berths 1, 11, and 13, Dry Dock #2, and in small coves along the Back Channel. Estimated

accumulation rates ranged from 0.15 to 0.35 em/year, and estimated sediment mixing depths ranged from

25 to 60 em.
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Ecology

At PNS, mudflats occur along the Back Channel, off Jamaica Island, and around Clark's Island. Potential

routes of contaminant exposure are from the pelagic habitat and suspended particulate matter, which

accumulates in the mudflats.

The mudflat habitat is an important area of benthic invertebrate production. High densities of worms and

bivalves are found in mudflats; therefore, these areas attract birds, crabs, and fish. Horseshoe crabs feed

extensively in mudflat areas during high tide and then migrate into subtidal zones during low tide.

At PNS, salt marshes have been identified inside Clark's Cove, outside the causeway to Clark's Island,

and at three locations in the Back Channel. Potential routes of contaminant exposure are from the pelagic

habitat and suspended particulate matter, which accumulates in the salt marshes.

. eTO 1666-110496021P

The channel bottom/subtidal habitat provides refuge for fish and invertebrates that retreat from eelgrass

beds, tidal marshes, and mudflats at low tide. Soft bottom conditions provide habitat for mollusks,

crustaceans, and fish. Hard bottom conditions provide habitat for bivalves, crustaceans, echinoderms, and

Two types of salt marsh habitats·are found in the estuary: the high marsh habitat is found at the mouths

of most rivers, and the fringing salt marsh forms discontinuous bands of vegetation around the high tide

line. Salt marshes provide habitat for juvenile fish, feeding areas for birds, and homes for numerous insect

species, amphipods, and snails. Salt marshes are also utilized by terrestrial mammal species such as

deer, mink, and otter.

There are six primary habitats within the Great Bay Estuary: pelagic, eelgrass, mudflat, salt marsh,

channel bottom/subtidal, and rocky intertidal. The pelagic habitat is characterized by open surface water.

.A diverse assemblage of phytoplankton, zooplankton, and pelagic fish are found in the open water. The

habitat provides food for estuarine birds. According to the EERA investigation, the pelagic habitat is the

immediate recipient of chemical stressors released from PNS source areas.

Eelgrass beds occur as large meadows and small contiguous beds forming intertidal and subtidal seagrass

habitats. Eelgrass habitats serve as breeding areas and nursery grounds for finfish and invertebrates.

They are feeding areas for many fish, invert~brates, and birds. At PNS, eelgrass beds have been

identified at the western end of Seavey Island, off Sullivan's Point, at the mouth of Clark Cove, and in the

Back Channel. Potential routes of contaminant exposure are from the pelagic habitat and suspended

. particulate matter, which accumulates in eelgrass beds.
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6.3.2 Conceptualization

This section describes the conceptualization of the off-shore analytical model based on simplifications of

the site conditions.

At PNS, the rocky intertidal habitat occurs in many locations along Seavey and Jamaica Islands. The

potential route of contaminant exposure is from the pela~ic habitat. Little sediment deposition is likely to

occur because of the wave-washed, high energy conditions.

The important contaminant pathways from the on-shore to the off-shore are from groundwater discharge

(including seeps) to surface water and sediment (refer to Figure 6-1). During low-tide portions of the tidal

cycle as sea-water retreats, groundwater from the PNS facility discharges directly to surface water in the

near-shore zone and sediment in the inter-tidal and near-shore zones.
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Hydrological Zones

Important Contaminant Pathways

6.3.2.1

fish. Fine-grained depositional areas occur outside the main flow of the Piscataqua River, while coarse­

grained material occurs in regions experiencing tidal scouring and active erosion. The nature of the

sediment determines to a large degree the types of species in this habitat. Potential routes of contaminant

exposure are from the pelagic habitat and particulate matter, which accumulates in depositional areas.

Based on the previous discussion of the hydrology and ecology of the Piscataqua River near the PNS

facility, there are three distinct hydrological zones: the inter-tidal zone which occurs along the shore

between the low-tide and high-tide water lines, the near-shore mixing zone beyond the low tide water line

where surface water is gradually mixed, and the main channel where surface water is rapidly mixed and

river and tide currents dominate.

The rocky intertidal habitat occurs sporadically along shorelines and covers some extensive outcrops. The

habitat is dominated by macroalgal species that release reproductive structures and tissues to the estuary.

The habitat is important to crustaceans, anthropods, isopods, and crabs. It is a feeding area for predatory

fish at high tide and some birds at low tide.

6.3.2.2
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Sea-water enters the inter-tidal zone during high-tide portions of the tidal cycle. Sea-water and

groundwater mix in the inter-tidal sediments. The water in the sediments is defined here as pore water.

Contaminants in the pore water will adsorb and desorb to and from the sediment.

For each COC that discharges from on-shore groundwater, the transport processes and pathways will be

evaluated. Parameters that are utilized to describe the transport processes in the analytical model (e.g.

the octanol-water partitioning coefficient) will be estimated with site-specific data if available or literature

values.

Based on the contaminant transport pathways to be considered in the analytical modeling, important

contaminant fate and transport processes include the mixing of groundwater and sea-water in the inter-tidal

and near-shore mixing zones, the mixing of groundwater and sea-water in the sediments of the inter-tidal

and near-shore mixing zones, the adsorption and desorption of contaminants in the inter-tidal sediments,

and the mixing of surface water from the near-shore zone with estuary water.

Inter-tidal and near-shore river currents and density-driven currents (currents and stratified flow conditions

caused by the difference in density between saltwater and fresh water) cause the erosion, re-suspension,

transport, and deposition of sediments within these areas. The main channel receives surface water and

sediments from the inter-tidal and near-shore areas. Once in the main channel, surface water and

sediments become part of a well-mixed, non-stratified system for long-range transport from the estuary

to the ocean.

eTO 1666-13o

Important Contaminant Fate and Transport Processes

The contaminant transport pathways considered in the analytical modeling w!1I be groundwater discharge

to surface water in the inter-tidal zone, groundwater discharge to sediment in the inter-tidal and near-shore

mixing zones, sea-water intrusion into the inter-tidal zone (both surface water and sediment) and retreat

into the near-shore mixing zone, and the mixing of surface water from the near-shore mixing zone with

estuary water, which has a net discharge from the estuary toward the ocean. Inter-tidal and near-shore

sediment transport will not be considered in the analytical model. However, the modeling approach is

conservative, because the predicted sediment concentrations will be higher without considering sediment

transport. Additionally; long-range surface water and sediment transport in the main channel will not be

considered at this time.

6.3.2.3

'0496021P

I
I
,I

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



6.4 ON-SHORE/OFF-5HORE INTEGRATION

Each habitat supports a variety of plant and animal species (refer to Section 6.2.1 for habitat-specific

species). Humans are also receptors, as they consume fish, crab, lobster,. oysters, etc. that are

commercially collected from the Piscataqua River. Therefore, as discussed in Section 5.0, both ecological

and human health off-~hore COCs will be considered in the preliminary screening of COCs and evaluated

in the analytical model.

Based on the previous discussion of the hydrology and ecology of the Piscataqua River near the PNS

facility, the primary exposure to off-shore ecol~gical habitats and receptors is from surface water (pelagic

habitat) and particulate matter that accumulates in depositional areas. The pelagic habitat surrounds the

facility and moves between the inter-tidal, near-shore, and main channel zones. Each of the five remaining

ecological habitats have been identified at different locations along the PNS facility perimeter.

Contaminants in the on-shore groundwater are transported to off-shore surface water and sediment in the

inter-tidal zone, then mixed with the near-shore sea-water, and finally mixed into the estuary and

transferred downstream. The integrated model will predict COC concentrations for the net groundwater

discharge; inter-tidal surface water, pore water, and sediment; and near-shore sea-water. The predicted

COC concentration of the sediment within the near-shore mixing zone will not be predicted; however, it

can be assumed conservatively to be the same as the COC concentration for sediment in the inter-tidal

zone. Realistically, the COC concentration of sediment within the near-shore mixing zone will be less than

that in the inter-tidal zone.
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Recept rs6.3.2.4

The hydraulic connection between on-shore groundwater and near-shore surface water and sediment

occurs primarily in the inter-tidal zone and the near-shore zone. As a conservative assumption, all of the

groundwater flow is assumed to discharge to the intertidal zone (refer to Figure 6-2). This is a

conservative assumption because it will result in higher predicted contaminant concentrations in the

surface water and sediments in the inter-tidal zone. In order to model the integration, a net groundwater

discharge that is representative for the entire tidal cycle will be estimated. The net groundwater discharge

is assumed to enter the inter-tidal sediment and surface water and then mix with sea-water in the near­

shore zone: The net groundwater discharge and near-shore zone sea-water combine in the inter-tidal

sediments to produce pore water. Sea-water in the near-shore zone mixes with sea-water in the estuary.
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The acutal measured off-shore sediment contaminant concentrations can be compared to the model­

predicted sediment concentrations to estimate whether the on-shore contribution to sediment could cause

the existing sediment concentrations to increase. If the model-predicted sediment concentrations are

higher than the existing measured concentrations then the actual off-shore sediment concentrations may

continue to increase due to discharge from PNS. The model predicted sediment concentrations will also

be directly compared to the off-shore sediment criteria to determine the acceptability of the on-shore

contaminant concentrations.
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7.1 PURPOSE

7.0 PHASE I ANALYTICAL MODEL DEVELOPMENT

In summary, the purposes of the analytical model development task are to efficiently:

Consistent with the modeling approach shown in Figure 3-2, on-shore and off-shore generic analytical

models were developed for a typical contaminant source area at PNS. For each source area, these

generic equations will be combined into a model incorporating to source-area-specific conditions and data.

These models are analytical implementations of the overall conceptual models described in Section 6.0.

In these models, all of the important physical and chemical processes identified in the conceptual models

are represented by simple mathematical equations. After constituent- and site~specific values of

parameters are· determined, these models will be used to estimate current and future contaminant

conditions at specific zones. Reasonableness of the model equations and parameter values will be

assessed by comparing modeling results of the past and current contaminant concentrations to available

field data.

eTO 1667-1

Develop the basic contaminant fate and transport analytical equations based on review of

recently developed techniques 'and guidance documents;

Combine generic analytical ~quations into area-specific models;

Determine the relative sensitivities of model.parameters;

Define the on-shore and off-shore model integration· and application process;

Present the site-specific parameter estimation procedure; and

Determine the site-specific values of model parameters.

The general technical rationale and site-specific development process for the analytical models to be used

in the Phase I modeling study are described in this section. Generic analytical models for the major

contaminant migration pathways shown in Figure 6-1 are described in this work plan to demonstrate the

general technical approach of the Phase I modeling study. Generic models described in this work plan

are groups of basic equations which account for the major contaminant transport pathways at PNS as

described in Section 6.0 but do' not neccesarily incorporate site-specific information. Based on the

conceptual model of each site, to be 'developed during the Phase I modeling task, the proposed analytical

models may need to be revised slightly during the actual Phase I modeling process. All of the final.

models required in the study will be presented in the Phase I Modeling Report. It is anticipated that the

basic equations presented in this section will not require any further revision.

049602/P
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7.2 ON-SHORE MODEL

7.2.1 Evaluation of Recent Work and Modeling Tools

The following sections describe the on-shore and off-shore model development approaches as well as the

cross-media integration issues. The basic analytical equations for the major migration pathways are also

presented.

On-shore models refer to models that were developed for estimating contaminant distributions and mass

fluxes between on-shore contaminant sources and the shoreline. Generic on-shore models (groups of

. basic equations) are presented in this section. Source~area-specific on-shore models may require minor

revision from the generic models presented in this section and will be developed during the Phase I

modeling study. Based on the Phase I modeling results and the information needed for future feasibility

studies, large-scale, on-shore models that cover multiple source areas may be developed in future Phase

II modeling study, if necessary.
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Recently' developed modeling techniques and/or model parameter estimation techniques which have

possible applications at the PNS were reviewed to support the development of this work plan. This review

included a search of published papers, regulatory guidance documents, and text books. This task

evaluated models and techniques capable of estimating contaminant distributions and mass fluxes between

on-shore contaminant sources and the shoreline under tidal influences. The purpose of this evaluation

was to determine the latest and most applicable procedures that can be incorporated into the on-shore

Phase I modeling. The search focused on several issues relevant to the on-shore modeling at the PNS

such as tidal fluctuations in the groundwater, the zone of influence of the tidal fluctuations, and the effects

of tidal fluctuations in the groundwater on contaminant transport. Several tools and techniques were

inv~stigated for this work plan. Examples of the types of papers reviewed are described below. A

complete description of the tools evaluated will be presented in the Phase I Modeling Report.

An example of the type of paper which was reviewed is a technique to determine the mean hydraulic

gradient of groundwater affected by tidal fluctuations by Serfes (1991). This technique involves filtering

out the tidal fluctuations in monitoring well water level data and presents two procedures based on the

amount of available data. These methods require consecutive hourly water levels over a 71 hour period

(method one) or 25 hour period (method two). An example of another technique which was reviewed with

possible applications to the PNS on-shore modeling was the simulation of tidal effects on contaminant

transport in porous media (Vim and Mohsen, 1992). This paper provides a method to quantify contaminant

transport in the tidally influenced groundwater. This technique involves numerically solving a differential

049602/P



7.2.2 Selection of Modeling Tools

7.2.3 Basic Analytical Equations

As described in the previous two subsections, recent model developments were evaluated to develop the

analytical equations to be used in the Phase I modeling.· The following section describes analytical

equations which are to be applied to the PNS sites.

equation. This type of method would be more applicable to the Phase II modeling (if required). This

method also requires that the concentrations in the surface water be known with time, which is actually

one of the main objectives of the modeling at PNS. Parts of this technique will be considered in the

Phase II modeling (if it is required).

eTO 1667-3

Long term average surface infiltration,

Constant source strength,

Reversible zone-specific adsorption/desorption,

Groundwater mixing depth,

Long-term net groundwater discharge rate,

Uniform, single-layer groundwater flow rate and direction,

Retardation effect,

The basic equations to be used in the Phase I modeling were developed based on the evaluation of

several candidate on-shore models/equations and discussions with the regulatory agencies. The

applicability of each candidate model/equation was evaluated based on the available data for the PNS,

relative detail of the candidate models with respect to the Phase I modeling objectives, the ability of the

model to yield results quickly, and the appropriate level of conservatism based on the objectives of the

Phase I modeling study. Following this more detailed evaluation, the model/equation, parts of models, or

parameter estimation techniques which were judged to be the most applicable to PNS and the Phase I

modeling were incorporated into the equations presented in Section 7.2.3. The final modeling report will

present a complete summary of the model selection process and the techniques evaluated.

Major on-shore pathways at the PNS include contaminant migration through surface infiltration, source

leaching, vadose zone infiltration, and groundwater flow in the saturated zone.. For the purposes of the

Phase I modeling study, the following factors and assumptions were incorporated into analytical equations,

which will be used as the basic framework for estimating source-area-specific on-shore contaminant fate

and transport, along the major migration pathways:

049602/P
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Figure 6-2 presents the conceptual cross sectional view of a typical on-shore contaminant source area and

the off-shore area. Based on the soil/water partiti.oning coefficient (~(SOil) ), the leachate concentration in

the source area can be given by:

Organic chemical decay in the vadose and saturated zones,

No dispersion, and

No cumulative impact from multiple sources (Le., upgradient groundwater flow is assumed to

be uncontaminated).

The time, t1, for the contaminants in the source area to migrate to the water table is related to the velocity

of water migrating vertically through the unsaturated soils (vadose zone) and the chemical-specific

soil/water partitioning coefficient. The vertical water velocity in the unsaturated zone is assumed to equal

the average yearly infiltration rate, I. The actual velocity of water through the pore space (seepage

velocity) would equal the infiltration rate divided by the effective saturated pore space of the unsaturated

soil. The ver:tical velocity of water would then be:
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(7-2) ,

(7-1 )

eTa 1667-4

Vv = I / n

Cleach(SOuree) = Cs / ~(SOil)

Solid-phase contaminant source concentration (based on measurements) (mg/kg)

Liquid-phase contaminant source concentration (leachate concentration in the

source area) (mg/L)

SoillWater partitioning coefficient in the source area (Ukg)

Vertical seepage velocity of water (ftlyr)

Infiltration rate (ftlyr)

Saturated effective pore space (dimensionless)

=

Vv =

I =

n =

Kd(SOil)

Cleach(SOUrc8) =

where

In the conceptual model shown in Figure 6-2, the contaminant source area is separated from the water

table by a layer of uncontaminated soil. Conceptually, it will take some amount of time for contaminants

in the source area to migrate vertically to the groundwater. During this time the contaminants have the

potential to decay so that the concentration of the leachate at the water table, Cleach(Water table)' could be less

than at the source, Cleach(sauree)' For conservative, non-decaying substances, ClaaCh(Water table) would equal

Cleach(SOuree) under the constant loading assumption.

where
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where Rd is chemical specific retardation factor given by:

For degradable organics, the decay in the vadose zone is assumed to follow a first order decay rate given

by:

(7-5)

(7-8)

(7-6)

(7-3)

(7-7) ,

(7-4)

eTO 166.7-5

t1 = tl / VYC or ( H n Rd ) / I

A = In2 / to.5

C - C -At1
leach(water table) - leach(source) e

Cg.w.(source) = (A I Cleach(water table) ) / (Qg.w. + A I)

Chemical specific retardation factor (dimensionless) .

Dry bulk density of soil (g/cm3)

=

=

Decay constant (1/yr)

Chemical specific half-life (based on natural chemical and biological degradation) (yr)

where:

A source-area-specific infiltration rate (Le., model parameter, I) will be estimated with the HELP model

(USEPA, 1984). The velocity of the contaminants in the unsaturated zone, VyC' is slower than the velocity

of the water due to adsorption and desorption of the contaminant to the soil matrix. The contaminant

velocity is said to be retarded and is given by the following equation:

The travel time for contaminants through the unsaturated zone, t1, is then the distance between the

contaminant source area and the water table, H, divided by the contaminant velocity: This can be written

by the following equation:

A =
to.5 =

where

and
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The simulation of the transport of contaminants in the groundwater to the shoreline is based on a mass

balance between the infiltrating flow (vertical flow) and the groundwater flow (lateral flow), retardation, and

decay. The concentration in the groundwater under the source area is based on a mass balance

assuming that the upgradient groundwater flow is uncontamin(ited and is given by the following equation:
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The net groundwater flow rate under the source area (Qgw) is based on the net groundwater velocity, the

width of the contaminant source area perpendicular to the net groundwater flow direction, and the depth

of mixing of the leachate in the groundwater (mixing depth).

Calculating the long-term net groundwater flow velocity using Darcy's Law inherently includes some

uncertainty"(e.g., representativeness of hydraulic conductivity or the groundwater gradient). To reduce the

uncertainty in the estimation of this velocity, a second approach for estimating the flow velocity will also

be conducted. A water budget (which also inherently includes uncertainty) relating the amount rainfall on

the site to the amount which runs off, evaporates, transpires, or infiltrates will be performed for each

source area. Based on the conceptual understanding of the site presented in Section 6.2.1, the volume

of water which infiltrates into the ground (recharge) should equal the net groundwater flow to the surface

water. The two methods (Darcy's Law, Water Budget) should produce similar results, and confirm one

another. This will reduce the overall uncertainty in the estimate of the net groundwater flow and velocity.

The long-term net groundwater flow velocity will be estimated using Darcy's Law incorporating the average

groundwater flow gradient and site specific hydraulic conductivity measurements. Because of the tidal

influences on the groundwater at the PNS, determining the average groundwater level in monitoring wells

within the range of the tidal influence will not be straight forward. Serfes (1991) presents two methods to

determine the average groundwater elevation in tidally influenced monitoring wells (filtering out the tidal

influence). If this information is available for several wells an average gradient can be calculated. The

average gradient and groundwater flow may also be estimated upgradient of the tidal influence range and,

based on continuity of flow, it can be assumed that the average upgradient flow is also the average

groundwater flow through the area of tidal influence. The method used to determine the average

groundwater gradient will be determined for each source area based on the available data, area of tidal

influence, and the source area specific conditions.

where

where
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A =
Qg.w. =

V g.w =

Md =

W =

Surface area of contaminant source (tf)

The net groundwater flow rate under contaminant source (felyr)

Q g.w. = V g.w. Md W

The long-term net groundwater flow velocity (ftlyr)

Groundwater mixing zone thickness (ft)

Width of source area (ft)

7-6

(7-9)
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Table 7-1 summarizes the definitions of the on-shore model parameters. Figure 7-1 summarizes the

on-shore analytical equations.

The groundwater mixing depth will be estimated by evaluating the vertical contaminant concentration

profile. If no vertical contaminant concentration profile is available, the following equation may be applied:

The transport of degradable organic contaminants to the shoreline in the groundwater will incorporate

decay during the time it takes the contaminants to reach the shoreline. The following equation is used

to estimate the groundwater concentration at the shoreline:

(7-10)

(7-12)

(7-11)

eTO 1667-7

c - C -At2
g.w. (shoreline) - g.w.(source) e

total saturated zone thickness (ft)

the vertical saturated seepage velocity (ftIyr)

the length of the source area in the groundwater flow direction (ft)

the horizontal seepage velocity (ftIyr)

Md = B {1 - exp[- Vzo * L I (B * Vx)]}

where:

B =
Vzo =
L =
Vx =

It is possible that the measured existing groundwater concentration will exceed the concentration predicted

with Equation 7-8 (this could happen if most of the contaminants in the soil have already leached to the

groundwater). The higher of the measured groundwater concentrations or the predicted groundwater

concentrations under the source will be used to simulate the transport to the shoreline.

Equation 7-10 may not be used in the final model depending on whether the contaminated groundwater

flow can be based on the depth of contamination in the groundwater or the thickness of various layers

(e.g., overburden, bedrock) under the sites to be modeled. If the contaminated groundwater flow depth

can not be estimated by the contaminant concentration profile or layer thicknesses, then Equation 7-10

may be used to assist in the estimation of the cross sectional groundwater flow area. This cross sectional

groundwater flow area will in turn be used to estimate the total net groundwater flow shown on Figure 6-2.

The time for the contaminants to migrate from the source area to the s!1oreline, t2, is given by:

049602/P

Where 0 is the groundwater travel distance from the source area to the shoreline.
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TABLE 7-1

.DEFINITIONS OF THE ON-SHORE MODEL PARAMETERS
PNS, KITTERY, MAINE

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
IeTO 1667-8

A Surface area of the contaminant source
Cs Solid-phase contaminant source concentration
CleaCh(SOurce) Liquid -phase contaminant source concentration
CleaCh(Water table) Leachate concentration at the water table
Cg.w.(source) Groundwater concentration under contaminant source
Cg.w.(ShOreline) Groundwater concentration at shoreline
D Groundwater travel distance from source to surface water discharge point (shoreline)
H Unsaturated soil thickness under contaminant source
I Surface infiltration rate
i Average groundwater hydraulic gradient
K Aquifer hydraulic conductivity
Kd(SOil) Soil / Water partition coefficient
Md Groundwater mixing zone thickness
n Effective porosity (saturated zone)/Saturated effective porous space (vadose

zone)
Net groundwater flow rate
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
Vertical contaminant velocity
Width of source area
Dry bulk density of soil
Decay rate
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7.2.5 On-Shore Model Parameter Estimation and Model Application Procedure

7.2.4 Parameter Sensitivity

A source-area-specific value of each on-shore model parameter will be determined based on (in the order

of preference):

Results of the sensitiVity analysis will be used to determine the sources of model uncertainties and to

identify potential critical data gaps. It is expected that the on-shore modeling results will be most sensitive

to the source term (Cs or Cg.w.(source)) and soil/water distribution coefficient (Kd(SOil))'

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

GTO 1667-10

Direct field measurements,

Calculation from field measurements.

Measured values of n~ighboring source areas,

Literature values, or

Judgment based on experience.

It is important to understand the model sensitivity of each model parameter. This is especially true for

simple analytical models, because results of the model are controlled by a few parameters in highly

simplified representations of complex natural processes. Therefore, general relative model sensitivities

to all of the on-shore model parameters will be assessed before source-area-specific model parameter

estimation is performed and the model is applied. For each on-shore model, the Excel spreadsheet and

Crystal Ball (Decisioneering, 1988) programs will be utilized to generate a relative sensitivity chart for all

major model parameters. A general facility-wide range or probability distribution (unction of each model

parameter will be estimated based on available data before the sensitivity analysis is performed.

Collection and detailed review of existing data will be conducted in this task to finalize each source-area

specific conceptual model (see Figure 3-2). Based on all of the available data, the most defendable and

realistic value of each model parameter will be determined.. Sources and justifications of parameter values

will be documented in the Phase I Modeling Report.

Source-area-specific on-shore model application will begin with the vadose zone model if the contaminant

source is above the groundwater table. The vadose zone modeling results (or measured/estimated source

leachate concentrations when contaminant source is in the saturated zone) will then be used to conduct

the saturated zone modeling.
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7.3 OFF-SHORE MODEL

7.3.1 Evaluation of Recent Work and Modeling Tools

The final on-shore modeling results will include an on-shore COC list and constituent-specific mass loading

rate to the intertidal zone. The final on-shore COC list will be based on the maximum (present or future)

constituent-specific predicted groundwater concentration). The overall Phase I model application process

is further described in Section 8.0.

Off-shore models refer to analytical equations and electronic spreadsheets that will be developed for

estimating contaminant concentrations in the surface water and sediment layer due to on-shore

contaminant discharge and tidal mixing. Basic analytical equations which will be used for the off-shore

Phase I modeling are presented in this section. In order to utilize analytical models, the Phase I modeling

study will only focus on the intertidal and near-shore areas. Based on the Phase I modeling results, far- .

shore models may be developed and applied in future Phase II modeling study, if necessary.

eTC 1667-11

One of the objectives of the Phase I modeling will be the determination of whether the contaminant

concentrations at the PNS are in "steady state conditions" (i.e., flushing mode with stable or decreasing

groundwater discharge concentrations) or if the contaminant groundwater concentrations are increasing

with time. The amount of available data is not sufficient to complete a detailed trend analysis. Trends

in the existing groundwater data will be qualitatively investigated. It is anticipated that because of

limitations of the existing groundwater data (limited temporal span of data) that the trend evaluation will

focus on a simple comparison of data points in the same monitoring wells to see if the concentrations are

increasing or decreasing with time. Determination of steady state conditions will be evaluated by predicting

current groundwater concentrations based on estimates of current leachate concentrations from the source

areas, and then comparing with the actual measured groundwater concentrations. If the measured

groundwater concentrations are equal to or higher than the model predicted concentrations due to leaching

from the contaminant source, then it will be concluded that steady state conditions have been reached.

049602/P

Models and techniques capable of estimating contaminant concentrations in the surface water and

sediment layer due to on-shore contaminant discharge and tidal mixing were evaluated for applicability to

the Phase I modeling at PNS. The purpose of this evaluation was to determine the latest and most

applicable procedures that can be incorporated into the off-shore Phase I modeling and the integration of

the on-shore/off-shore modeling. The search focused on several issues relevant to the off-shore modeling

such as the tidal effect on groundwater discharge and contaminant transport to inter-tidal zone and the

estuary, and the groundwater near-shore mixing zone size. One of the models investigated for use in the
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off-shore phase I model was USEPA's CORMIX model. Equations related to the CORMIX model were

incorporated into the analytical equations to be used for the Phase I off-shore model. The discussion of

the CORMIX model is provided as an example of the type of modeling tools evaluated for the Phase I

modeling. A discussion of all of the modeling tools evaluated will be presented in the Phase I Modeling

Report.

The CORMIX model can be applied to unsteady tidal reversing current conditions which occur at PNS,

however, the CORMIX model were developed primarily to be used in the design and analysis of waste

water outfalls. The CORMIX manual (NCASI, 1992) directs the user to USEPA Document: Technical

Guidance Manual For Performing Waste Load Allocations Book III: Estuaries, Part 3 Use of Mixing Zone

Models In Estuarine Waste Load Allocations, 1992 for a more thorough description on estuarine mixing

zone model methodology. This gUidance manual describes the mixing in an estuary in two hydrodynamic

zones: near-field and far-field. The EPA's use of the terms near-field and far-field should not be confused

with the subject Work Plans use of the term near-shore.

The near-field mixing is characterized by rapid initial mixing based primarily on the jet trajectory of waste

water exiting the outfall. This type of mixing can be simulated using CORMIX in a estuarine environment

assuming steady flow conditions in the estuary and performing the simulations at several times during the

tidal cycle. The initial mixing between the groundwater at PNS and the Piscataqua River can not be

simulated with CORMIX since groundwater seeping to the river over a large area is very dissimilar from

a concentrated outfall entering the river at a single point. It should also be noted that CORMIX can

estimate the concentrations at any distance from the discharge point but it does not predict the size of the

mixing zone. The dimensions of the mixing zone often are defined by regUlation. .Alternatively, given

a certain concentration, CORMIX can predict the area, or zone, surrounding the waste water outfall which

exceeds this concentration.

The far-field mixing described in the EPA Guidance manual is characterized by mixing due to ambient

environmental conditions such as the reversing tidal currents. This is the passive diffusion region (i.e.,

the source outfall characteristics are less important to the mixing). This type of mixing is more applicable

to the groundwater discharge conditions to be simulated at PNS. The guidance manual discusses the

mixing in the far-field in terms of a return rate (Df) and relates the initial concentration of contaminants

which are washed out with the ebb tide to the concentration which returns with the next flood tide. The

guidance manual suggests estimating the return rate using either field dispersion tests (dye tests) or

numerical models, however, the manual also provides a range of typical values used for legal mixing

zones. The proposed approach to quantify the off-shore mixing at PNS is based on the return rate

concept and is detailed in following sections.
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7.3.3 Basic Analytical Equations

7.3.2 Selection of Modeling T ols

The following subsections describe the basic equations which will be used to calculate the off-shore mixing

and sediment concentrations. These equations are developed by defining an initial concentration in the

intertidal zone under constant groundwater contaminant loading, a constant dilution factor in the near-shore

As described in the previous two subsections, recent model developments were evaluated and discussed

with regulators before the analytical equations to be used in the Phase I modeling were chosen. The

following section describes analytical equations that will be applied to the PNS sites.

CTO 1667-13

Based on the Phase I off-shore modeling evaluations several candidate models and/or equations were

available to be incorporated into the modeling. The applicability of each model or technique was evaluated

based on the available data for the PNS, relative detail of the candidate models with respect to the Phase

I modeling objectives" the ability of the model to yield results quickly, and the appropriate level of

conservatism based on the objectives of the Phase I modeling study. Following this more detailed

evaluation, the model, parts of models, or parameter estimation techniques which were jUdged to be the

most applicable to PNS and the Phase I modeling were incorporated into a modeling approach presented
"

to the regulatory agencies and the equations presented in the next Section. The final modeling report will

present a summary of the model selection process and the techniques evaluated.

Typical 12-hour semi-diurnal tidal cycle,

Non-tidal surface water current (the non-tidal ,surface water current is the location-specific long­

term averaged net surface water flow rate toward the mouth of the estuary),

No stratification in the near-shore area,

Constant groundwater contaminant loading,

No chemical decay, '

Adsorption/desorption in sediment layer,

No sediment transport (re-suspension and deposition), and

No cumulative impact from multiple sources.

049602/P

Major off-shore pathways at the PNS may include groundwater discharge, tidal flow, and surface water

infiltration into sediment layer. For the purposes of the Phase I modeling study, the follOWing factors and

assumptions will be incorporated into analytical equations, which will be used as the basic framework for

estimating source-area-specific off-shore contaminant concentrations:
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Return Rate

mixing volume after one 6-hour ebb tide, and a mixing ratio of surface water and groundwater in the

sediment pore space. Derivations of equations which are to be used for the off-shore mixing are

presented first then equations which can be used to calculate the sediment concentration in the intertidal

zone are presented.

The movement of surface water surrounding the PNS varies depending on the geometry of the shore line

at each different site to be modeled. As described in Section 2.0, Sites 8 (JILF)', 11(Waste Oil Tanks),

6 (DRMO), 29 (Incinerator Site), and 27 (Berth 6 Industrial Area) are proposed to be included in the Phase

I modeling. It is anticipated that Site 27 will be modeled separately. Sites 6 and 29 will be modeled

together due to the areal proximity to each other. Sites 8 and 11 will also be modeled together since they

are adjacent to each other, however, the groundwater from Sites 8 and 11 can discharge to two distinctly

different bodies of water, the Piscataqua River backchannel and Clarks Cove. It is anticipated that each

of these two discharge points from Sites 8 and 11 will be modeled. Conceptually two different types of

off-shore mixing occur at the sites to be modeled: mixing along the shoreline with the river currents, and

mixing into a semi-enclosed basin. The proposed modeling approaches for these two conditions are

slightly different and are discussed separately. The return rate concept is common to both approaches

and is discussed first.

The initial groundwater/surface water mixing occurs in the intertidal zone. Figure 7-2 shows the conceptual

intertidal zone. Briefly, the initial mixing in the intertidal zone will be based on the net groundwater flow

and the contaminant concentrations predicted with the on-shore portion of the model. The net groundwater

flow and the predicted contaminant concentration will then be used to calculate the mass flux of

contaminants into the intertidal zone over one tidal cycle (approximately 12 hours). The intertidal zone

is defined as the area between the mean low and mean high water elevations on the shore line. The

intertidal volume is defined by the distance between the mean high tide water mark and the mean low tide

water mark (width perpendicular to the shoreline), the tidal range (difference between the mean high tide

elevation and the mean low tide elevation), and the length along the shoreline (parallel to the shoreline)

that contaminated groundwater is discharging to the Piscataqua River (See Figure 7-2). The initial

concentration in the intertidal zone (Cj ) is the mass flux of contaminants over one tidal cycle divided by

the intertidal mixing volumE;l (VJ This calculation assumes that all of the mass is instantaneously loaded

to the intertidal volume, so that;

I
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(7-13)

eTO 1667-14

Cj = (Qg.w. Cg.w.(Shoreline) 12 hours) / (Vi Rd(sed))
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or

or, in the limit,

I
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(7-14)

(7-15)

(7-17)

. (7-16)
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The mass flux of contaminants into the surface water is based on the contaminant flux through the

sediment layer. The contaminant mass flux through the sediment layer is given by the net groundwater

flow mUltiplied by the concentration of the groundwater at the shoreline divided by the sediment retardation

factor, Rd(sed). The sediment retardation factor relates the contaminant velocity in the sediment to the net

groundwater velocity in the sediment. The sediment retardation factor is based on Equation 7-4 except the

sediment partitioning coefficient (I<ct(Sed) is used instead of the soil partitioning coefficient I<ct(SOil). In the

initial stages of the Phase I modeling, it will be conservatively assumed that Rd(sed) equals 1 (i.e., no

retardation). Once the seep/sediment samplin~ results are available and site specific I<ct(Sed) developed,

site specific sediment retardation factors will be incorporated into the calculation of the initial concentration

in the intertidal zone, C i .

The mixing of the intertidal volume with the near-shore environment is discussed next. The intertidal

volume will move off-shore to the near-shore during the ebb tide and mix with the off-shore water. There

will be some return of contaminants during the next flood tide in the intertidal volume. The ratio of the

initial concentration to the return concentration is the return rate (Of). Another 12 hour flux of contaminants

is then instantaneously loaded into the returned intertidal volume. During the first tidal cycle C i is the

concentration in the intertidal zone. During the second tidal cycle the concentration in the intertidal zone

(Ci2) is given by:

If this conceptualized step-wise process is continuously repeated, the quasi-steady maximum concentration

in the intertidal zone (C1) is given by the geometric series (EPA, 1992)

That is, the concentration in the intertidal zone will build up over an infinite number of tidal cycles to a

quasi-steady concentration due to the repeated loading from the groundwater and the return of

concentration from the near-shore zone. Based on dye tests, the quasi-steady conditions are typically

encountered after about 5 to 10 tidal cycles (EPA, 1992).
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Near-shore Mixing With River Currents

The quasi-steady concentration in the near-shore zone is given by:

The following approach is proposed to be used for Sites 6, 29, 27 and the portions of Sites 8 and 11 which

discharge to the back channel.

(7-18)

(7-19)

eTO 1667-17

C1 (Vi / 6 hours) = Cnear Vnear Anear

The compliment quantity of the return rate (1-0f) is frequently referred to as flushing rate. The return rate

is a function of distance from the source: Of tends to be very small in the immediate near-shore zone

where the pollutant concentrations are high: Of becomes larger for increasing distances, where the induced

concentrations are falling off (EPA 1992). Based on this, the EPA suggests a range of s 0.1 to 0.5 (highly

conservative estimate) in the absence of detailed measurements or predictions for Of.

Assuming that the intertidal volume mixes arid is diluted with a near-shore flow during the ebbing tide, a

near-shore mixing zone corresponding to the assumed Of can be calculated, and the average

concentration in the near-shore mixing zone will be equal to Cnear. Oue to the differences in the

near-shore flow characteristics at the different sites, two different approaches for determining the

near-shore mixing zone are presented in the following two sections.

It is proposed that the tidally averaged, quasi-steady state concentration in the intertidal zone be calculated

with assumed Of values of 0.1 and 0.5. This will provide a range of concentrations in the intertidal zone

with 0.5 producing the most conservative results.

0496021P

Under quasi-steady state conditions, the contaminant mass flow rate out of the intertidal zone and into the

near-shore zone equals the net contaminant mass flow rate out of the near-shore zone (i.e., the

near-shore zone and the intertidal zone are in equilibrium) the following equation can be written:

Where Vnear is the non-tidal flow through the near-shore mixing zone and Anear is the cross sectional area

of the near-shore mixing zone at low tide. The non-tidal current is primarily caused by freshwater entering

the estuary upstream and flowing into the sea. It can be thought of as the net velocity in the channel.

It is assumed that the intertidal volume discharges to the near-shore zone over 6 hours (the time to go

from high tide to low tide). Rearranging Equation 7-19 the near-shore concentration is given by:
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Substituting Equation 7-20 into Equation 7-18 the return rate can be estimated based on the following

equation:

Of = (V/6) N near Anear

(7-20)

(7-21)

I
I
I
I
I

It is proposed that the intertidal concentration and the near-shore mixing zone size and concentration be

calculated 'for the following four scenarios and the range of values presented:

In addition, as part of a sensitivity analysis, Cnear will be assumed equal to the acceptable surface water

criteria and the dimensions of the near-shore mixing zone, Of and C1 back calculated.

It is anticipated that the most conservative (producing the highest concentrations) from the first three

approaches will be compared with the off-shore criteria (e.g., off-shore preliminary remediation 'goals)

Anear can then be calculated given the assumed Of' the Vnear' and the geometry of the intertidal zone.

Then, given bathymetric information for the Piscataqua River, the width of the near-shore mixing zone

corresponding to the assumed Of can be calculated. The calculated width of the near-shore mixing zone

can then be compared with legal mixing zone to determine if the assumed Of is conservative as compared

to a legal mixing zone.

I
I

I
I
I
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eTO 1667-18

The State of Maine has no specific regulation which defines the boundary or dimension of the mixing zone

(legal mixing zone). While there is no specific regulation, the Code of Maine Rules (Maine, 1989) does

describe the zone of passage for free swimming and drifting organisms. The Code of Maine Rules states

that the discharge of pollutants shall at a minim.um provide a zone of passage not less that 3/4 of the cross

sectional area at any point in the receiving water body. As a benchmark for comparison, a near-shore

mixing zone width equal to one-fourth of the channel cross section (allowing 3/4 for the zone of passage)

will be assumed and the cc;>rresponding Of calculated.

1. Assume a Of of 0.1, and calculate the corresponding near-shore mixing zone width

2. Assume a Of of 0.5, and calculate the corresponding near-shore mixing zone width

3. Assume a near-shore mixing zone width equal to one-fourth of the channel cross section, and

calculate the Of according to Equation 7-21.

4. Assume Cnear equal to the surface water criteria and calculate the dimensions of the near-shore
mixing zone.
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Near-Shore Mixing in a Semi-Enclosed Basin

SUbstituting Equation 7-23 into Equation 7-18 the return rate can be estimated based on the following

equation:

during the Phase I modeling. The other mixing zone widths will be calculated as a sensitivity analysis to

determine the range of values which could be expected.

(7-24)

(7-22)

(7-23)

erc 1667-19

C1 (Vi 16 hours) = Cnear (Vr I 6 hours)

The following approach is proposed to be used in calculating the near-shore mixing zone for the portions

of the Site 8 and 11 which discharge to Clarks Cove. Because Clarks Cove is a semi-enclosed basin the

concept of a near-shore non-tidal (or net) current does not apply since the freshwater input to Clarks Cove

is much much less than the tidal flow in the Cove (the net velocity in and out of the cove is essentially

zero). The calculation of the near-shore mixing zone dimension is proposed to be based on tidal volumes

as discussed below.

As with the near-shore mixing with the river described previously, under quasi-steady state conditions, the

contaminant mass flow rate out of the intertidal zone and into the near-shore zone equals the net

contaminant mass flow rate out of the near-shore zone. The flow out of the near-shore mixing zone in

Clarks Cove is conceptualized as the volume of water (Vr ) defined by the mean low tide elevation, the

mean high tide elevation, the width of the mixing zone, and the width of the groundwater plume (along the

shoreline), (See Figure 7-3). Conceptually this is the volume of water that leaves the near-shore mixing

zone between high tide and low tide. Assuming the mass flow rate in the intertidal and near-shore zones

are in equilibrium the following equation can be written:

Rearranging Equation 7-22, the near-shore concentration is given by:
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Given the assumed Of range (0.1 to 0.5), the geometry of the intertidal zone, and the mean high and low

tide elevations, the mixing zone width can be solved for.
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Discussion of Near-Shore Mixing Methodology

It is proposed that the intertidal concentration and the near-shore mixing zone size and concentration be

calculated for the following scenarios and the range of values presented:

1. Assume a Df of 0.1, and calculate the corresponding near-shore mixing zone width
2. Assume a Df of 0.5, and calculate the corresponding near-shore mixing zone width
3. Assume a near-shore mixing zone width so that VB is equal to Vi' and calculate a Df based on

Equation 7-24.

The proposed modeling approach for the off-shore mixing is conservative and is similar to modeling

approaches used previously. The conservatism and similar modeling approaches are discussed below.

The modeling approach is conservative because of the following assumptions:

eTO 1667-21

• The intertidal volume flows into a small mixing zone immediately off-shore,
• For the sites along the river, tidal currents do not affect mixing, only the non-tidal current affects

the volume of water into which the ebbing intertidal volume mixes,
• Groundwater loading to the intertidal volume is an instantaneous process with no continuous

dilution or dispersion over the course of a tidal cycle,
• All of the groundwater discharges to the limited intertidal zone, rather than over a larger area

of surface water mixing,

A second method for estimating the near-shore mixing width in a semi-enclosed basin will also be

investigated. The second method assumes that the near shore mixing zone volume below the mean low

tide elevation (See VB on Figure 7-3) equals the intertidal volume. Conceptually, the ·simplified

interpretation of the movement of water within the Cove assumes that the returning flood tide pushes the

water from VB to the intertidal zone Vi' so that the two volumes must match. The contaminant loading from

the groundwater is instantaneously loaded to th~ intertidal volume at high tide. Then the intertidal volume

mixes in the near-shore mixing zone during low tide. It is assumed that Vr and VB are well mixed vertically

and both contain the same concentration at all times of the tidal cycle. The tidally averaged, quasi-steady

state concentration in Vr moves off-shore during the ebb tide. The water in VB then returns to the intertidal

zone during the flood tide where it receives another loading from the groundwater.
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It is anticipated that the most conservative (producing the highest concentrations) from these three

approaches will be recommended to be cO!Tlpared with the off-shore criteria (e.g., off-shore preliminary

remediation goals) because of the high uncertainty associated with the Df factor. The assumed Df factor

is uncertain since it was not determined through site-specific information. The third assumption will be

investigated to aid in determining the reasonableness of the mixing zone estimated with the Df assumed

from the typical range.
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Intertidal Pore Water/Sediment Concentrations

The flow of surface water into the sediment pore water can then be solved for as follows:

The concentration in the sediment pore water can be estimated with the following equation assuming a

mass balance in the pore water:

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

(7-26)

(7-25)

eTO 1667-22

Salinity in the groundwater (ppt)

Salinity in the surface water (ppt)

Salinity in the sediment' pore water (ppt)

Flow of surface water into the sediment pore water (fe/yr)

• The highest predicted concentrations (based on different assumptions) will be used for
comparison with criteria,

• The average concentration in the mixing zone will be used to compare with criteria instead of
the concentration at the downgradient edge of the mixing zone (comparison to the concentration
at down gradient mixing zone edge is specified in EPA documents [EPA, 1991 b and EPA, 1992])

• No chemical decay,
• The mixing zones based on the assumed return rates will result in a zone of passage larger than

is required by the Code of Maine Rules.

The concept of the return rate is well documented in the EPA Guidance Document (EPA, 1992), however,

the method for relating the return rate to a near-shore mixing volume is not as well documented. A very

similar method was presented, and reviewed by USEPA, for relating the return rate to a near-shore mixing

along an estuary in a report prepared for the McAllister Point Landfill at the Naval Education and Training

Center in Newport, RI (TRC, 1994). A similar method for calculating the mixing in a semi-enclosed tidal

basin was presented in a report prepared for the State of Virginia and the Chesapeake Bay by the Virginia

Institute of Marine Science (Hamrick, 1989). This report does not discuss return rate but uses a similar

mixing volume (VT) for a semi-enclosed basin.

The calculation of the concentration in the intertidal sediment pore water is based on a balance of the flow

of net long-term groundwater flow to the intertidal zone and the flow of intertidal surface water back into

the intertidal sediments. The amount of surface water which flows into the intertidal sediment is estimated

by salt balance between the groundwater, the pore water, and the surface water. The salt balance in the

pore water can be described by the following equation:

where

Sgw =

Ssw =

Spw =

Qsw =
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7.3.4 Parameter SensitiVity

The sediment concentration can then be estimated using a solid/liquid partitioning coefficient as follows:

Where Cpw is the concentration in the sediment pore water.

(7-27)

(7-28)

eTO 1667-23

Solid concentration in the intertidal sediment (mg/kg)

The sediment/water partitioning coefficient (kg/L)

=
=

CSed

~(Sed)

where

Table 7-2 summarizes the definitions of the off-shore model parameters. Figure 7-4 summarizes the

off-shore analytical equations.

The approach presented for estimating the sediment concentration in the intertidal sediment is

conservative because it assumes that all of the contaminant in the groundwater enters the surface water

through the intertidal zone. In reality the groundwater will enter the surface water in the near-shore zone

also and possibly further out in the river and will not be as concentrated as assumed in this approach.

The sediment concentration in the near-shore zone will be conservatively assumed to equal the sediment

concentration in the intertidal· zone.

0496021P

It is anticipated that initially the sedimenUwater partitioning coefficient will be initially estimated based on

literature values and will be consistent with previous off-shore studies conducted at PNS (e.g., the off­

shore human health and ecological risk assessments). When analytical results are available from the

seep/sediment sampling event, site-specific sedimenUwater partitioning coefficients will be calculated and

incorporated into the modeling, if necessary.

As in the on':shore model development, general relative model sensitivities to all the off-shore model

parameters will be assessed for the basic off-shore models. This information will be used to determine

the sources of model uncertainties and to identify potential critical data gaps. It is anticipated that the off­

shore modeling results will be most sensitive to the groundwater contaminant loading (C9w.(ShOreline») and the

non-tidal current (Vnear). In addition, as a part of the sensitivity analyses, the multible modeling scenarios

discussed in Section 7.33 will be completed.
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A..ear
Ci

C1

Cg.W.(Shoreline)

Cnear

Cpw
CSod

0,
~(Sod)
Qgw
Qn

Qsw

Sgw
Spw
Ssw

Vi
Vnaar

VT

TABLE 7-2

DEFINITIONS OF THE OFF-SHORE MODEL PARAMETERS
PNS, KITTERY, MAINE

Cross sectional area of the near-shore mixing zone at low tide
Concentration in initial intertidal volume
Steady state concentration in the intertidal volume
Groundwater concentration at surface water discharge point
Concentration in the near-shore mixing volume
Pore water concentration in sediment layer
Sediment concentration
Tidal return rate
Sediment /Wafer partition coefficient
Net groundwater discharge rate
Non-tidal current flow rate
Seawater flow rate into sediment layer
Groundwater salinity
Pore water salinity
Seawater salinity

. Intertidal water volume
Non-tidal or net flow velocity through the near-shore mixing zone
Tidal prism (volume of water between mean high tide and mean low tide
elevations) in the near-shore mixing zone
Volume of water in near-shore mixing zone beneath the mean low tide elevation

I
I
I
I

I
I
I
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I

I
I

I
I
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Sources and justifications of parameter values will be documented in the Phase I Modeling Report.

7.3.6 Previous Estuarine Modeling

7.3.5 Off-Shore Model Parameter Estimation and M del Application Procedure

Other than inputs from the on-shore modeling results (e.g., groundwater contaminant loading), a source­

area-specific value of each off-shore model parameter will be determined based on (in the order of

preference):

I
I'
I
I
I
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I
I
I
I
I
I
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I
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,I
ilCTO 1667-26

• Direct field measurements or observations,

• Calculation from field measurements,

• Estimates from previous studies,

• Measured values of neighboring source areas,

• Simple model calibration,

• Literature values, or

• Judgment based on experiences.

Figure 3-2 outlines the general model application procedure of the Phase I study. Source-area-specific

off-shore models will first be developed and integrated with the on-shore models. Two specific model

application tasks will then be conducted. The first task will complete the cross-media COC screening and

the second task will define and summarize the baseline impacts in terms of the constituent-specific

maximum concentrations at the receptor locations. Potential receptor locations considered include

intertidal surface water, near-shore mixing zone surface water, and the sediment layer underlying the

intertidal and near-shore mixing zones. The overall Phase I model application process is further described

in Section 8.0.

A numerical estuarine model has been developed for the Great Bay Estuary by the University of New

Hampshire (UNH) (Chadwick, 1993 and Pavlos, 1994). This model is a large scale numerical model based

on U.S. EPA's hydrodynamic and water quality model WASP (USEPA, 1993). It is anticipated that this

model will be of limited use in the Phase I modeling since the UNH model covered the entire estuary.

Therefore, the scale of the UNH model may be too large to directly build on for the Phase I modeling,

however, the model was reviewed and will be used to the greatest extent possible. The full use of the

UNH model may be more applicable to the Phase II modeling (if required) since the Phase II modeling may

involve numerical models and consider combined impacts from several source areas to the Piscataqua

River.
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7.4 INTEGRATION APPROACH

7.4.2 Contaminant Loading

7.4.1 Hvdraulic Connection

The mass fluxes estimated by the on-shore models will be used in the off-shore models as inputs. In order

to determine the contribution of on-shore contamination to the off-shore environment, the off-shore model

will be assigned with clean initial and clean background contaminant concentrations. So, for the Phase

I modeling stUdy, all of the sources of contamination are in the on-shore areas within the PNS. Cumulative

eTC 1667-27

As described earlier, the Phase I modeling will be based on the net groundwater flow rate and non-tidal

surface water current. It is anticipated that the models will simulate contaminant transport under "tidally

averaged quasi-steady state" hydraulic conditions represented by these two flow rates. The off-shore

modeling results can be considered as estimates of the future maximum contaminant concentrations, which

are averaged over a typical semi-diurnal tidal cycle.

One application of the WASP in the Phase I modeling would be the estimation of the non-tidal velocity

Vnear described in Equation 7-19. This velocity can be estimated from the average of the hourly velocity

output from the calibrated WASP model over several tidal cycles. Output from the closest channel

segment in the WASP model to a site being included in the Phase I modeling can be used in calculating

Vnear (i.e., output from a different channel segment from the WASP model will be used for each site).

The on-shore and off-shore models for a source area need to be properly integrated so that consistent

estimates of the same cross-media processes are used or produced by both models. The hydraulic. ,

connection and cross-media contaminant loading are the two main processes to be considered. The

conceptual understandings of these two processes around major source areas in the PNS were presented

in ·Section 6.3. This section discusses how these processes will be linked between the Phase lon-shore

and off-shore models.

The time-averaged net groundwater discharge rate in each source area will be estimated using

groundwater level measurements and hydraulic conductivity data (Darcy's Law). Therefore, long-term tidal

influences on groundwater flow conditions are reflected in the net groundwater flow rate. The Darcy's Law

calculation of flow rate will be confirmed with a water budget calculation. This flow rate will be used in the

on-shore model as the "quaSi-steady state" groundwater flow rate arid to calculate groundwater and

contaminant discharge rates into surface water.
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I
I
I
I
I
I
I
I
I
I
I
I
I
,I

I
I
I
I
I



Impacts from multiple on-shore source areas will not be specifically evaluated in Phase I. Cumulative

impacts will only be qualitatively evaluated when determining the need for a future Phase II modeling

study.
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8.1 PURPOSE

8.2 CROSS-MEDIA COC SCREENING

8.2.2 Near-Shore COC screening

8.2.1 On-Shore COC Screening

eTO 1668-1049602/P

An initial list of COCs will be determined for evaluation with the screening model (refer to Section 5.0).

This section describes the application of the screening model for predicting on-shore and off-shore

concentrations of these COCs, the procedure for comparing predicted concentrations to media-specific

criteria, the assessment of the model performance, and the evaluation of uncertainty in the model results.

Off-shore surface water and sediment concentrations will be predicted with the integrated on-shore/off­

shore screening model for COCs that exceed the off-shore screening criteria (preliminary remediation

goals). For these COCs, surface water concentrations will be predicted in the inter-tidal and near-shore

mixing zones. COC concentrations will be predicted for sediment in the inter-tidal zone.

8.0 PHASE I MODEL APPLICATION

The initial list of COCs will be evaluated in the screening model in two stages: on-shore screening and

near-shore screening. These sub-sections describe the process for evaluating the COCs and determining

which COCs have a potential impact on off-shore receptors.

It is expected that the predicted surface- water concentrations will be highest in the inter-tidal zone,

intermediate in the near-shore mixing zone, and lowest when the near-shore surface water is mixed with

estuary water. The predicted concentrations in the near-shore mixing zone will be compared to surface

water quality criteria to determine impacts to the off-shore environment (refer to Section 4.0 for criteria

references). Although it is less conservative to use predicted concentrations in the near-shore zone than

Based on leachate production from soils and contaminant transport in groundwater, on-shore COC

concentrations will be predicted for groundwater discharging from the PNS facility. The predicted

concentrations will be compared to SUrf?ce water criteria as referenced in Section 4.0. If the predicted

concentration for the COC exceeds the surface water criteria, then the COC will be considered in the near­

shore screening model. Otherwise, the COC will be eliminated from the initial list of COCs as described

in Section 5.0.
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8.3 EVALUATION OF MODELING RESULTS

8.3.2 Uncertainty Analysis and Monte Carlo Simulation

8.3.1 Comparison of Measured Data

8.2.3 Summary of Cross-Media COCs

.1
I
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The baseline estimates of surface water and sediment concentrations in the near-shore mixing zone will

be compared to measured, surface water and sediment concentrations from collected samples. Surface

water and sediment samples were collected in near-shore mixing zones in the vicinity of the PNS during

the Phase I RFI (McLaren/Hart, 1992) and during both Phase I and Phase II of the Estuarine Ecological

Risk Assessment (Johnston et. aI., 1994 and NCCOSC, 1995). The comparison will provide a qualitative

assessment of the screening model performance.

A summary of cross-media COCs will be determined for predicted COC concentrations that exceed surface

water and sediment quality criteria. These COCs are considered to have an impact on the off-shore

surface water and sediment, and their associated off-shore receptors.

It is important to evaluate whether the modeling results are realistic and conservative. In the Phase I

modeling effort, the modeling results will be evaluated in three ways: by comparing the baseline estimates

of surface water and sediment concentrations to measured data, by performing an uncertainty analysis

to define a range of possible model predictions, and by assessing the conservatism of the model.

predicted concentrations in the inter-tidal zone, it is likely that ecological receptors are more abundant and

reside for more time in the near-shore mixing zone. Impacts to human receptors are linked to ecological

receptors via consumption of higher end biota.

Model parameters will be estimated with site-specific data, if available. An uncertainty analysis will be

performed with a range of values that bound site-specific data, literature values, or regulatory guidances.

The range of a parameter will be used to estimate a range of possible model predictions.

049602/P

As a conservative assumption, the COC concentration for sediment in the near-shore mixing zone is

assumed to be equal to that in the inter-tidal zone. The sediment concentration will be compared to

sediment quality criteria (refer to Section 4.0 for criteria references).



8.3.3 Level of Conservatism

If the baseline estimates of surface water and sediment concentrations are less than measured off-shore

criteria, then a very conservative model is acceptable. However, if the baseline estimates exceed the off­

shore cri~eria, then it is unknown whether the exceedance is realistic or due to overly conservative

assumptions in the model. In this case, more detailed modeling (Phase II) with more realistic assumptions

may be needed in order to assess the impact on the off-shore from on-shore source areas.

Although the screening model will be developed with conservative assumptions, it is important to assess

how the model conservatism affects the model results and subsequent conclusions. The level of model

conservatism can be assessed if the baseline estimates of surface water and sediment concentrations are

compared to the distributions of these estimates derived from the Monte Carlo simulation. For example,

if the baseline estimate falls within. the 95th percentile of the overall distribution of estimates, then the

model is very conservative.

Monte Carlo simulation will be utilized to predict a distribution (or bounded estimate) of near-shore zone

surface water and sediment concentrations for the range of a parameter input. The Monte Carlo

simulation will be conducted using the Crystal Ball Software program (Decisioneering, 1988). Monte Carlo

simulation involves the random generation of a parameter value from a pre-defined range and the

application of the screening model to predict surface water and sediment concentrations. Multiple

simulations will be performed until a range of model results are obtained. This procedure differs from

model calibration, because the objective is not to identify the best model prediction, but rather to present

a probabilistic evaluation of the model results.

eTC 1668-30496021P
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9.1 COCS AND BASELINE IMPACTS

9.4 NEED FOR PHASE II MODELING STUDY

9.2 MAJOR UNCERTAINTIES AND DATA GAPS

9.3 REMAINING QUESTIONS

CTO 1669-1

A final list of cross-media COCs that exceed off-shore surface water and sediment criteria will be

generated for each source area. A comparison of the baseline estimates and the off-shore criteria will be

presented. Conclusions based on an evaluation of the model results such as how the baseline estimates

compare to measured data and the level of model conservatism will be made.

Uncertainty in the model input parameters and data gaps will be identified. Additional data may be useful

if uncertainty in a particular model parameter produces a large range of model results and no conclusion

can be made, i.e., the aistribution of results ove~lap or exceed the off-shore criteria.

9.0 CONCLUSIONS AND RECOMMENDATIONS

After the modeling results have been obtained and the performance and uncertainty of the model have

been investigated, conclusions and recommendations will be made.

049602/P

Based on the preliminary set of que~tions posed in Section 3.1 and the modeling results, questions may

remain unanswered by the screening model. Additionally, questions may arise from the modeling results

that require future consideration. Any remaining or new questions will be identified.

If the model is determined to be realistic based on the general understanding of the site and the overall

evaluation of the modeling results is successful, the final list of COCs that exceed off-shore surface water

and sediment criteria will be identified as potentially impacting the off-shore area. However, it is possible

that the baseline estimates of these COCs may be overly conservative, and future Phase II modeling may

be proposed. A Phase II modeling effort would involve more detailed modeling with more realistic

assumptions and would provide a better means to assess the impact of these COCs to off-shore receptors.

The Phase I modeling will identify any potential data gaps. If data gaps are identified during the Phase I

modeling, additional data collection and/or analysis may also be required.
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10.0 MEETINGS

Figure 3-1 shows the five meetings that are anticipated for the entire groundwater/surface water modeling

effort. The initial meeting occurred in March of 1995. For the Phase I modeling, two meetings with the

Navy and regulators are anticipated: (1) to present the Draft Phase I Work Plan and (2) to present the

Phase I modeling report. If Phase II modeling is performed, two additional meetings are anticipated.
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11.0 REPORT

A proposed outline of the Phase I modeling report is included on the following page. Based on the final

analytical models used, the final modeling report may be somewhat different, but it will follow the general

proposed outline.

The Phase I modeling report will include an introduction to the PNS facility and project objectives, detailed

descriptions of the model development and modeling results, an evaluation of the model and associated

results, and discussions of conclusions and recommendations. Supporting documentation will be provided

as appendices.
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APPENDIX A

RESPONSES TO REGULATORY AGENCY COMMENTS
ON PREVIOUS VERSION OF THE PLAN

Meeting Minutes from the 9/6/96 Meeting with EPAIMEDEP to Resolve Modeling
Issues

Handout from the 9/6/96 Meeting with EPA/MEDEP to Resolve Modeling Issues

8/20/96 Comment Response Letter Addressing EPA and MEDEP Comments .
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MEETING MINUTES

DATE: September 6, 1996

TIME: 8:00 a.m. -12:00 noon

LOCATION: PNS Family Housing Office

SUBJECT: Resolution of Regulatory Agency Comments
Draft On-Shore/Off-Shore Contaminant Fate and Transport Modeling
Work Plan

Background

The Draft On-Shore/Off-Shore Contaminant Fate and Transport Modeling Work. Plan was issued
in May 1996 for regulatory agency and RAB review. EPA comments (dated 06/26/96) and
MEDEP comments (dated 07/03/96) were received. The Navy responded in the comment
response letter dated 8/20/96. The purpose of the subject meeting was to resolve significant
issues and a handout was provided by the Navy summarizing positions of the Navy, EPA, and
MEDEP.

Issues

The following discussion presents the resolution of issues and identifies associated changes to
the Work Plan.

/ Modeling vs. Monitoring

Resolution: It was resolved that the modeling approach is conservative and should
proceed. Modeling does not preclude continued monitoring requirements.

Changes to Work Plan: The Final Work Plan will note that after low-flow sampling data is
available, some aspects of the modeling effort may have to be revisited.

Incorporation of Existing Sediment Data

Resolution: The current Work Plan approach of focusing on future potential increase in
sediment contamination was retained. It was resolved that a quantitative calibration of
modeling results is not required to meet the work. plan objective (i.e., evaluation of current
migration of on-shore contamination). However,' qualitative comparison of modeling
results with existing sediment data is worthwhile.

Changes to Work Plan: The final Work Plan will include a task for qualitative comparison
of modeling results with existing sediment data.



Calculati n f Net Gr undwater FI w

Resolution: Agreed to conduct evaluation of net groundwater flow using both water
budget method and Darcy's Law method.

Changes to Work Plan: Add water budget method of calculating net groundwater flow to
the Work Plan.

Contaminant of Concern (CaC) Screening

Resolution: Agreed that the proposed method might be too conservative and might result
in the generation of an extensive list of COCs. It was agreed to make COC screening a
two-step process; the first step would be as described in the Work Plan while the second
step would be to narrow the list of contaminants to those of greatest significance. Also
agreed that detailed presentation of modeling results is necessary.

Changes to Work Plan: Add another step to the COC screening process that allows for
refinement of the COC list. This task result in a list of COCs serving as the proposed input
COCs for the model, and would be included as part of the interim deliverable to the
regulatory agencies for review purposes. The interim deliverable will include a sample
table for summarizing modeling results. This table would include (for each site and for
both groundwater and sediment), list of contaminants, frequency of detection, maximum
initial concentration, attenuated concentration, incremental increase in sediment
contamination from continued on-shore groundwater, existing sediment data, total of
incremental increase and existing sediment data, and comparison of this data with
available benchmarks. The completed table would then be included in the modeling
report.

Miscellaneous related revisions:

Do not use the on-shore MPSs in the COC screening.
In establishing the list of known off-shore COCs, use 10-6 for carcinogens
and HQ=0.1 for noncarcinogens.
Consider using statistics in establishing representative soil and
groundwater concentrations in a source area.

Geochemical Modeling

Resolution: It was resolved that geochemical data should be used as a qualitative tool.
Quantitative geochemical modeling is not warranted.

Changes to Work Plan: Add a task for qualitatively evaluating available geochemical
data.

I
I
I
I:
I
,I

­I,
I
I
I
I
I,
I
I
I
I
'I



'1
.1
I
,I
,I
.J
,I
,t
I
'I:
1"-'·'j ,

I
J.
I
I
I
I
t
'1'

Mixing Z n M thodologies

Resolution: Further discussion is needed. Of all the methods under consideration, the
group favors following MEDEP regulatory guidance (e.g., MERGE).

Changes to Work Plan: Following the review of MEDEP guidance, the final Work Plan
will be modified to present the selected mixing zone methodology. Clark's Cove may have
to be handled differently based on site conditions.

Other Action Items:

Following Navy receipt of specific MEDEP guidance, a conference call will be
conducted to further discuss State mixing zone methodologies

Marty Raymond will provide B&R Environmental with PNS stormwater permit
information.

Site 10 Modeling

Resolution: It was agreed upon that modeling of Site 10 should be deferred until
groundwater data is available and the next phase of investigation completed.

Changes to Work Plan: The final Work Plan will state that modeling of Site 10 will be
deferred to the future:

Modeling Equations

Resolution: There was a consensus on referencing and providing additional explanation
of the equations shown in the Work Plan. The proposed use of the equations is
acceptable.

Changes to Work Plan: The final Work Plan will reference and discuss the equations.
~ values will be identified differently for on-shore and off-shore. The Work Plan text will
be clarified throughout to identify parameters as "calculated" or "measured."

Minor Modifications

Resolution: The following items in the comment response letter will be modified in the
final Work Plan, as requested:

(EPA) Page 4, Comment 3, line 2: '" will occur where the contaminated
groundwater...

(EPA) Page 4, Comment 3, 2nd para, line 4: Change "through out" to
"throughout."



(EPA) Page 8, Comment 6, 3rd para, line 1: Delete "relate."

(EPA) Page 8, Item 4.: Delete "a."

(EPA) Page 9, Comment 8: Add the response on level of conservatism to the final
Work Plan.

(EPA) Page 9, Comment 9: 3rd line of response: Change "RFI Data" to "RFI Data
Gap."

(EPA) Page 14, Comment 16: Add that the more important reason for deep
bedrock not discharging to the surface water is the decreasing hydraulic
conductivity with depth.

(EPA) Page 15, Comment 18: The EPA comment was misinterpreted. The EPA
believes that erosion may not be necessary for inclusion in the modeling, but may
still need to be addressed outside of the modeling effort.

(EPA) Page 16, Comment 18, 2nd para, line 5: Change "contaminant transport
pathway is through..." to "contaminant pathway from land to sea is through..."

(EPA) Page 17, Comment 20, last sentence of response: Change"
conservatively high sediment and surface water. .. " to "... conservatively high
predicted sediment and surface water..."

(EPA) Page 18, Comment 22, line 1: Change as per preceding comment

(EPA) Page 19, Comment 25, line 3 of comment: Steady-state had a typo.

(MEDEP) Page 39, Comment 26, third line: Change "fill may have been placed
along the shoreline and" to "fill along the shoreline."

Summary

The comment response letter will not be reissued with modification. The Navy will proceed with
finalizing the Work Plan, incorporating both the comment response letter and modifications
documented herein.

ATIACHMENTS

Meeting Handout
Sign-in Sheet
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Handout from the 9/6/96 Comment Response Letter
Addressing EPA and MEDEP Comments



I
,I

II,
,I
\Ii

­
I
I
I.
I,
"

j-

t
·1
II
I
,j

I.

DATE:
PLACE:
TIME:

SUBJECT:

MEETING OF SEPTEMBER 6, 1996
PNS FAMILY HOUSING OFFICE
8:00 A.M.

DRAFT ON-SHORE/OFF-SHORE
CONTAMINANT FATE AND TRANSPORT MODELING
PHASE I WORK PLAN
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MODELING ISSUES OF CONCERN
DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING

PHASE I WORK PLAN, DATED MAY, 1996
PNS, KITTERY, MAINE

NON-TECHNICAL ·ISSUES
• Use of modeling in conjunction with monitoring in the' remedial decision process

• Phase I Modeling Objectives

• Site 10 (Battery Acid Tank) no longer proposed to be included in the Phase I Modeling due
to proposed additional investigations



MODELING ISSUES OF CONCERN
DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING

PHASE I WORK PLAN, DATED MAY, 1996
PNS, KITTERY, MAINE

NON-TECHNICAL ISSUES

Use of modeling in conjunction with monitoring in the remedial decision process

MEDEP Position:

EPA Position:
Navy Position:

Currently proposed modeling does not provide any meaningful contribution: monitoring data would be more meaningful for
interpreting contaminant migration (General Comment, Specific Comments 8, 11, 12,31,32)
Believes modeling is useful and has directed Navy to expedite modeling process
Conservative modeling will be used in conjunction with long-term monitoring

Modeling used to supplement monitoring data, not replace monitoring data
It is agreed that monitoring results are more reliable than model results
Modeling can predict future conditions; monitoring can not

Phase I Modeling Objectives

MEDEP Position: Do not perform modeling with existing data; use low-flow sampling results when they become available (Specific Comment
17)

EPA Position: Consideration of only "current day" (and not "historical") contaminant migration may not be acceptable in regards to
sediments (General Comment 3)

Navy Position: Objective identified in 3/18/96 meeting was to focus on whether on-shore sites warrant remediation; by determining whether
these site serve as a continuing source to off-shore receptors. Necessity of remediation of off-shore sediments is a separate
issue

• Screening-type model, yields conservative results quickly
Prediction of maximum (present or future) concentrations at off-shore ecological receptor locations,
Focus only on potential continuing on-shore sources of contamination (Le., not concerned with contamination already present in the
off-shore environment)
Sediment transport off-shore to depositional areas not investigated
Use of currently available groundwater data (total metal concentrations versus low-flow sampling results), will produce conservative
results
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MODELING ISSUES OF CONCERN

DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING
PHASE I WORK PLAN, DATED MAY, 1996

PNS, KITTERY, MAINE

NON-TECHNICAL ISSUES

Site 10 (Battery Acid Tank) no longer proposed to be included in the Phase I Modeling due to proposed additional investigations

MEDEP Position:
EPA Position:
Navy Position:

New issue MEDEP may have been unaware of intended change prior to submission of Response to Comments
Same as MEDEP position
Site 10 will not be included in the Phase I modeling

Since there is very little data presently available for Site 10 (i.e., no monitoring wells were installed), It will be more productive to
perform modeling at Site 10 when the additional data is available.

~:



MODELING ISSUES OF CONCERN
DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING

PHASE I WORK PLAN, DATED MAY, 1996
PNS, KITTERY, MAINE

TECHNICAL ISSUES

• Water Budget Compared to Darcy's Law ~o calculate net groundwater flow

• Initial COC Screening

• Geochemical Issues

• Off-Shore Surface Water Mixing
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MODELING ISSUES OF CONCERN
DRAFTON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING

PHASE I WORK PLAN, DATED MAY, 1996
PNS, KITTERY, MAINE

COMPARISON OF NET GROUNDWATER FLOW ESTIMATED WITH A-WATER BUDGET AND WiTH DARCY'S LAW

EPA Position:­
Navy Position:

Groundwater flow rates should be estimated based primarily on water balance (i.e., recharge) (Specific Comment 24)
Continue to primarily rely on Darcy's Law Method, but agree to include water budget for comparison purposes. Preliminary
calculations indicate close agreement between the two estimates.

Analysis Performed for JILFIWOT (Sites 8/11) Areas discharging to Clarks Cove
Analysis compares recharge (based on water budget) to net groundwater flow (based on Darcy's Law). Net groundwater flow does not
include the flow of tidal surface water in and out of the ground
Analysis is only intended to be a rough estimation and used as a "reality check" of the net groundwater flow calculated using Darcy's Law.
Analysis is not intended to determine mainland-i.sland flow balance

Assumptions in water budget calculation

•

HELP model used to calculate water budgets for vegetated areas
Paved/Building areas assumed that 95% of precipitation runs off, 5% infiltration
Gravel areas highly variable, assume that 80% runs off, 20% infiltration
Infiltration calculated for each area and totaled

Assumptions in Darcy's Law Calculation

Hydraulic conductivity based on geometric mean of slug test results for a particular layer
Cross sectional flow areas based on length of shore line and typical thickness. Thicknesses were estimated from cross sections
and mapping
Gradient assumed to be the same for the overburden and the bedrock, gradient calculated based on non-tidally influenced wells.



Land Type Vegetated PavementJ Gravel
Existing Capped Filled Original Buildings

Area Areas Island Areas

Area (ac) 8.855 3.851 8.65 18.859 5.79

Precipitation (in) 45.54 45.54 45.54 45.54 45.54

Runoff (in/yr) 12.329 12.243 12.257 43.26 36.43
Evapotranspiration (in/yr) 21.087 20.539 20.596 - -
Groundwater Recharge (in/yr) 12.411 12.78 13.05 2.27 9.1
Total (in/yr) 45.827 45.562 45.903 . 45.53 45.53

Total Recharge (ft3/yr) 3.99E+05 1.79E+05 4.10E+05 1.55E+05 1.91 E+05

Layer Average Typical Typical Flow
Saturated Layer Gradient
Hydraulic Thickness

Conductivity
(ftIday) (ft) (ftIft) (ftI\3/day/ft)

Saturated Overburden 25.415 10 0.0071 1.80E+00
Shallow Bedrock 1.62 50 0.0071 5.75E-01
Deep Bedrock 0.0006 100 0.0071 4.26E-04

WAT BUD2.XLS

Net Groundwater Flow to Clarks Cove
including flow from JILF and Waste Oil Tanks Area

Recharge Water BUdget (includes upgradient areas to groundwater divide)

Total Recharge (ft3/s)
Total Recharge (gpm)

Groundwater Discharge Based on Darcy's Law

Total (Unit Width) (ft3/daylft)
Total length of shorline (ft)
Total (ft3/day)

Total (ft3/s)
Total (gpm)

2.38E+00
1650

3.93E+03

0.045
20.399

0.042
18.985
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MODELING ISSUES OF CONCERN
DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING

PHASE I WORK PLAN, DATED MAY, 1996
PNS, KITTERY, MAINE

INITIAL cac SCREENING

MEOEP Position: Concerned that on-shore MPSs are not applicable in the screening process since they were developed for on-shore receptors
and the primary focus of the modeling is prediction of concentrations at off-shore receptors locations: requests review of the
COC list before proceeding with the modeling (Specific Comment 16)

EPA Position: Concerned that COCs will be unjustifiably deleted from the COC list before running the Phase I models. Requests review
of the COC list before proceeding with the modeling (General Comment 6)

Navy Position: Comparison to on-shore MPSs will be included in the COC screening as a conservative measure, in addition to screening
against off-shore criteria; agree that regulators will be given the opportunity to review the potential COC list before proceeding
with the modeling

A contaminant will be included in the potential COC list for the Phase I modeling if any of the following three conditions are exceeded:

On-shore contaminants whose concentrations exceed on-shore MPS will be included in the modeling as a worst case scenario where
site groundwater could be used as a drinking water source.

On-shore contaminant concentrations which could produce a leachate concentration in excess of off-shore surface water human health
MPS or ecological screening levels will be retained as COCs; these contaminants will be included to retain any chemicals which have
the potential to migrate to the off-shore environment at concentrations in excess of the off-shore criteria and have not been identified
as an off-shore COCo

Off-shore Human health or ecological COCs which can be possibly linked to on-shore contamination will be retained as a COC for that
on-shore area (i.e., if a contaminant is an off-shore COC, however, it was not detected at the corresponding on-shore contamination
area, it would not be retained as a potential COC for the Phase I modeling).

The potential COC list will then be submitted for regulatory review prior to finalization of the Phase I Modeling. The potential COC list will be
presented in tabular form showing exceedances for each of the three conditions separately .
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FIGURE 5-1 .

EVALUATION OF INITIAL CONTAMINANTS OF CONCERN
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE
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ON-SHORE

Note: This analysis will be periormed for each SWMU
(6, 8. 11, 27) for soil and groundwater.

-.1 POTENTIAL
I~

COCs

T
REGULATORY

• I
REVIEW

I
INITIAL

COCs

•
... '-; ';ii·~!r

OFF-SHORE

ECOLOGICAL

SURFACE WATER

CRITERIA (MPS IF

AVAILABLE)

OFF-SHORE HUMAN

HEALTH OR

ECOLOGICAL COC

OFF-SHORE HUMAN

.-----f HEALTH SURFACE

WATER MPS

~-
•

•
OFF-SHORE COC

DUE TO ON-SHORE

MIGRATION TO OFF­

SHORE RECEPTORS

I

ON-SHORE

COCsI ON~:~RE I •I I

i



MODELING ISSUES OF CONCERN
DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING

PHASE I WORK PLAN, DATED MAY, 1996
PNS, KITTERY, MAINE

GEOCHEMICAL ISSUES

MEDEP Position:
Navy Position:

Firmly believes geochemical modeling is a necessity.
Firmly believes use of contaminant concentrations along with qualitative evaluation of general chemistry is a better approach.
Disagree to include geochemical modeling.

Uncertainties of Geochemical Modeling

Required inputs include: contaminant concentrations, specification of the aqueous species, general chemistry water parameters
(alkalinity, pH, Eh, temperature, densities)

Not enough data currently exists to perform geochemical modeling with a reasonable amount of uncertainty

When additional data useful for geochemical modeling is available, direct measurement data (sedimenUseep and groundwater
concentrations) will also be available which is more reliable than the geochemical modeling results for estimating contaminant
partitioning. Geochemical modeling can only confirm the direct measurements

Even when additional data is available geochemical model would still be very uncertain because of the assumed speciation.
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MODELING ISSUES OF CONCERN
DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING

PHASE I WORK PLAN, DATED MAY, 1996
PNS, KITTERY; MAINE

OFF-SHORE SURFACE WATER MIXING

EPA Position:

Navy Position:

The Navy must work with EPA and MEOEP to arrive at a consensus on a mixing zone definition. The description in the work
plan needs to be more thorough (General Comment 3).
The Navy agrees. The method for determining the mixing zone will be presented in a technical letter for regulatory review
prior to the completion of the Phase I Modeling. Based on the search of current methods available for determining the
off-shore mixing zones. three general approaches are still being considered. The advantages and disadvantages are listed
on the following pages. Currently, either a fixed distance mixing zone or the Virginia two-dimensional model is anticipated
to be used.

Near-Shore Mixing Zone based on fixed distance from intertidal zone

Width of Mixing Zone could be based on:
• Visual observations, or
• Regulatory distance or volume (i.e., as would be used in an NPDES permit)

Advantages

Once the width is set, the mixing calculations are straight forward and easily understood. Mixing based on mass balance.
Can be very conservative

Disadvantages

Visual Observations - Width can be very difficult to actually observe and quantify in field, may be somewhat arbitrary
Regulatory Limit - Limit does not account for site conditions, and would therefore also be somewhat arbitrary. An example of
regulatory limit would be Maine's Legal'Mixing Zone for streams of less than or equal to 1/4 of the cross sectional area (CORMIX
Man'ual, 1991).
Assumes all contaminant is uniformly mixed in near-shore zone and only yields one average concentration for the entire near-shore
zone.



MODELING ISSUES OF CONCERN
DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING

PHASE I WORK PLAN, DATED MAY, 1996
PNS, KITTERY, MAINE

OFF-SHORE SURFACE WATER MIXING

Near-Shore Mixing Based on:

Virginia Institute of Marine Science Report, "Determination of Marina Buffer Zones Using Simple Mixing and Transport Models, " John Hamrick
and Bruce Neilson, June 1989.

Advantages

Simple two-, one-, and "zero-" dimensional equations to predict contaminant concentrations in the estuary. Different equations used
for different estuary configurations.

Two-dimensional-- applicable to wide channels, incorporates advection, dispersion, and decay.

One-dimensional -- applicable to narrow channels, incorporates advection, dispersion, and decay.

Zero-dimensional -- applicable to semi-enclosed bays and basins. Yields average concentration for bay. Incorporates decay.

Two dimensional model can predict concentrations in two dimensions from source assuming complete mixing vertically.

More realistic than fixed width mixing option.

Disadvantages

Equations developed for low-volume point source discharges -Such as Sewage Treatment Plants (STPs)
Equations developed for fecal coliform not toxic, non-decaying substances
Equations are heaVily dependent on dispersion coefficients, a source of uncertainty
Equations rely on idealized geometry for whole area modeled
Tidal range and depth ratio close to the applicability limits of equations.
Short program would have to entered and complied to efficiently solve the two-dimensional equations.
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MODELING ISSUES OF CONCERN
DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE AND TRANSPORT MODELING

PHASE I WORK PLAN, DATED MAY, 1996
PNS, KITTERY, MAINE

OFF-SHORE SURFACE WATER MIXING

Near-Shore Mixing Based on:

Technical Guidance Manual For Performing Waste Load Allocations Book III: Estuaries, Part 3 Use of Mixing Zone Models In Estuarine Waste Load
Allocations, USEPA, Office of Water, August 1992.

Advantages

Involves the use of CORM IX models (1,2, and 3) which are commonly used for determination of mixing zones,
Models are readily available (in-house),

Disadvantages

•

Developed for design and analysis of waste water outfalls, Involves either single port or multiple port diffusers which are not very
similar to groundwater discharge to surface water mechanism,
Initial mixing (near-field) based on jet characteristics from diffuser, again not very similar to groundwater discharge to surface water
over a large area and at a very slow (relatively) velocity,
Recommends using numerical models or field dispersion tests for determining far-field effects in unsteady reversing tidal currents,
These additional tasks are inconsistent with Phase I model objective of simple models based on existing data,
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Addressing EPA and MEDEP Comments



DEPARTMENT OF THE NAVY
NORTHERN DIVISION

NAVAl. FACILITIES ENGINEERING COMMAND

10 INDUSTRIAL HIGHWAY

MAIL STOP. _82

LESTER, PA 191 13-2090 IN REPLY REFER TO

AUG 201991
5090
Code '1823/JMC

MEMORANDUM

FOR THE MEMBERS OF THE RESTORATION ADVISORY BOARD (RAB),INSTALLATION· RESTORATION PROGRAM, PORTSMOUTH NAVAL SHIPYARD,KITTERY, MAINE

Enclos~d are the response to comments on the Draft On-Shore/Off­Shore Contaminant Fate and Transport Modeling, Phase I Work Plan forPortsmouth Naval Shipyard. If you have 'any comments or questionson these issues, they can be provided to the Navy at a RAE meeting,by calling the Public Affairs Office at (207) 438-1140 or by writingto:

Portsmouth Naval Shipyard
Code 121 Bldg 44
Attn Marty Raymond
Portsmouth, NH 03804-5000

As always, we appreciate your time and efforts spent in support ofthe Portsmouth Naval Shipyard Installation Restoration Program.

Sincerely,

-J~" ~Y\.A~~
JAMES M. CON~OY, PE
LT, CEC, USN
Remedial Project Manager
By direction of the
Commanding Officer

Encl: Response to comments

... ~ ..



Distribution w/encl:
Ms. Juanita Bell
Mr. Doug Bogen
Mr. Jeff Clifford
Ms. Michele Dionne
Ms. Eileen Foley
Ms. Mary Marshall
Mr. Phil McCarthy
Mr. Jack McKenna
Mr. Guy Petty
Mr. Onil Roy
Ms. Cathy Wolff
USEPA (M. Cassidy) w/o encl
MEDEP (N. Beardsley) w/o encl
Shipyard (Code 121, 121.10, 100PAO) w/o encl
Brown and Root Environmental (L. Klink)
Brown and Root Environmental (B. Horne)

I
I
I
I
I
,I
,I
J
,I

"~I
'I,
,j

I.
',1

I
I
I
.j

a



·,1

I
'I'
!il
II
I,
I,
I,
I
'I
,I,

"I,
1\
I,
,I,
I
,If
I

RESPONSE TO EPA COMMENTS DATED JUNE 26, 1996
DRAFT ON-SHORE/OFF-SHORE CONTAMINANT FATE
AND TRANSPORT MODELING
PHASE I WORK PLAN
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE

EPA GENERAL COMMENTS

1. Comment: The text seems to indicate that the Navy is predisposed toward performing
complex modeling during Phase II. EPA recommends that the text state directly that
Phase II modeling can still be simple, but just performed with additional data, an
improved L!nderstanding of trends, and improved mapping of contaminant pathways and
distribution.

Response: Text will be revised in sections 1.0 and 3.0 to clarify that Phase II modeling
may not be numerical in nature but a refinement of the Phase I analytical modeling, The
text revision below for Section 1.0 also incorporates the revisions due to .EPA Specific
Comment 1. The text will be revised as follows:

Section 1.0, Second paragraph will be replaced with the following,

liTo date on-shore and off-shore remedial investigations at PNS have been conducted
separately. In order to select appropriate site remedies, infonnation available from
these separate investigations needs to be first integrated into a multi-media contaminant
fate and transport analytical model (Phase I Model).

The Phase I modeling task can be initiated prior to the availability of the groundwater
analytical results using low-flow sampling techniques and the analytical results from the
proposed seep/sediment sampling event for the following reasons,

• Development of the Phase I analytical models using existing groundwater data
will present a conservative estimate of the on-shore contaminant impacts to off­
shore receptors (i.e., previous conventional sampling techniques may have
resulted in the reporting of elevated contaminant concentrations due to high
turbidity conditions, Note that existing unfiltered groundwater concentrations will
be used in the Phase I modeling. This estimate will identify the potential
magnitude of the these impacts relatively quickly and assist in detennining what
additional evaluations and/or analyses may be required.

• The Phase I modeling may identify potential data gaps. If the Phase I Modeling
is delayed until the availability of the low-flow groundwater sampling results and
the seep/sediment sampling results, these data gaps may not be identified until
later which could ultimately delay the remediation process (it is understood that
modeling will not be the sole basis for making remedial decisions, however, the

1



2.

modeling results will be a significant factor in the remedial decisions and it is
unlikely that final remedial decisions will be made without consideration of the
modeling results regarding future conditions).

• Completing the Phase I modeling with the existing data will allow the regulatory
agencies to review and comment on the modeling approach at an earlier date.
This will allow the Navy and the regulatory agencies to come to a consensus on
the modeling approach earlier so that as the low-flow groundwater data and the
seep/sediment data becomes available the modeling can be refined quickly (if
necessary), and therefore allow remedial decisions to be made sooner.

Numerical hydraulic models have been developed for the entire Great BaylPiscataqua
River Estuary (Chadwick, 1993, Pavlos, 1994, Scott 1996, in prep), however, because
the numerical model covers such a large area, the numerical model resolution is not fine
enough in the vicinity of PNS to be directly incorporated into the Phase I modeling. For
instance, Clarks Cove is modeled with a single one-dimensional channel segment in the
numerical model. Instead of attempting to fUlly incorporate the numerical modeling, this
work plan focuses on screening techniques and on near-shore impacts. While the
existing numerical modeling may not be detailed enough for Phase I modeling, it does
provide information concerning the general flow patterns surrounding PNS. Information
available from the existing numerical model will be used to the greatest extent possible.

Additional modeling efforts, possibly additional analytical modeling and/or numerical
modeling may be required in the future (Phase /I). If a Phase /I modeling effort is
required, it may entail development/refinement of numerical models for groundwater and
surface water surrounding PNS or the Phase 1/ modeling may be similar in nature to the
Phase I modeling but incorporate additional data, an improved understanding of trends,
and an improved understanding of contaminant migration."

Section 3.0, The last sentence of the first paragraph will be replaced with the following:

"The need for a Phase /I modeling task will be evaluated after the completion of the
initial phase of the modeling study. The Phase /I modeling, if it is needed, could entail a
refinement of the Phase I models and only incorporate additional data, an improved
understanding of trends, and an improved understanding of contaminant migration or
the Phase /I modeling could entail development of more complex numerical models."

Comment: Modeling should not be used as the only, or primary, basis for saying that
steady-state has been reached. Data as well as modeling should be used to establish
whether steady-state has been reached. Trend analyses based on data are better than
modeling based on hypothetical or estimated source area leachate concentrations.
Thus, the trend analysis would be performed prior to the modeling if possible. This will
establish whether the current concentrations leaving the island represent reasonable
high concentrations for evaluating the future condition. .
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Response: It is agreed that the most sci ntifically defensible approach to groundwater
contaminant trend analysis is using long term monitoring data and appropriate statistical
methods, however. for Phase I work the groundwater data is too limited to evaluate

.trends. The first low-flow sampling event has yet to occur, so any long term trend
'analysis of this high quality data could not be done for the Phase I modeling.
Furthermore, reliance on long-term monitoring will delay decisions concerning whether
or not a given site requires remediation and, if so, which remedy should be selected.

The existing groundwater data from the RFI and RFI Data Gap investigations is
compromised by sampling artifacts such as high turbidity. The Navy believes that the
data from the RFI and RFI Data Gap can be used for the modeling since the high. '
turbidity should cause the groundwater concentrations to be estimated high. This will
produce conservatively high modeling predictions. There is more uncertainty associated
with the modeling due the turbidity in the groundwater sampling, however, any error in
the true groundwater concentrations due to the turbidity will result in more conservative
modeling results.

Trends in the existing groundwater data will be investigated. It is anticipated that
because of limitations of the existing groundwater data (limited temporal span of data)
that the trend evaluation will focus on a simple comparison of data points in the same
monitoring wells to see if the concentrations are increasing or decreasing with time.

Comment: Consideration of only "current day" (and not "historical") contaminant
migration may not be acceptable for evaluation of off-shore contamination, especially in
harbor sediments.

Response: It is the understanding of the Navy that the primary objective of the Phase I
modeling is to determine which on-shore areas ofcontamination can continue to release
contaminants to off-shore areas to aid in determining whether remediation of on-shore
sites is warrented. Existing off-shore contamination is a separate issue. Since much of
the on-shore contamination i's either covered (with pavement, or vegetation) or present
below the ground surface (e.g. contamination from leaking underground storage tanks),
the most significant contaminant transport pathway is through the groundwater. The
amount of contamination already deposited in off-shore areas is not directly relevant to
the objective of determining which on-shore areas are continuing to release
contaminants to the off-shore via groundwater.

The off-shore sediment contaminant concentrations can be compared to the model
predicted sediment concentrations to estimate whether the on-shore contribution to
sediment could cause the existing sediment concentrations to increase. If the model
predicted sediment concentration are higher than the existing measured concentrations
then the actual off-shore sediment concentrations may continue to increase due to
discharge from PNS. The model predicted sediment concentrations will also be directly
compared to the off-shore sediment criteria to determine the acceptability of the on­
shore contaminant concentrations.

3



4.

The highest sediment concentration, due to contaminant migration in the groundwater,
will occur where the groundwater discharges through the sediment to the surface water.

".If sediments are contaminated due to groundwater discharge at several locations, (Le.
just off-shore from various sites), and the sediments are transported in the surface water
to a depositional area (such as a harbor), the mixed sediment concentration in the
harbor will not be any higher than the highest sediment concentration off-shore of any of
the sites. Therefore the most conservative sediment concentration due to continuing
on-shore sources will be the sediment concentration at the source (off-shore of the sites
before transport). To make a conservative estimate of sediment concentration due to
contaminant migration in groundwater, the transport of sediment in the surface water
does not need to be simulated.

The simulation of all the possible sources of contamination to the off-shore areas is not
practical for the Phase I modeling considering that there are numerous potential sources
at PNS and many sources outside of PNS ,(e.g. sewage treatment plant outfalls located
along the estuary). The numerous sources through out the estuary could not be
accurately simulated with an analytical model. Even with an numerical model, the
loading history and number of sources contributing to the estuary are not known so that
it would be impossible to accurately match model predicted concentrations with
measured concentrations in the off-shore areas.

The following text will be added to the end of Section 6.4:

"The off-shore sediment contaminant concentrations can be compared to the model
predicted sediment concentrations to estimate whether the on-shore contribution to
sediment could cause the existing sediment concentrations to increase. If the model
predicted sediment concentration are higher than the existing measured concentrations
then the actual off-shore sediment concentrations may continue to increase due to
discharge from PNS. The model predicted sediment concentrations will also be directly
compared to the off-shore sediment criteria to, determine the acceptability of the on­
shore contaminant concentrations."

Comment: The previous modeling effort provides a large body of information on how
water moves around PNS and Great Bay. The conceptual and analytical models should
build from the understanding developed using the numerical model. We understand that
the Phase I work will not include the level of detail provided in the previous modeling
effort.

Response: It is anticipated that hydraulic data generated from the existing numerical
off-shore surface water model will be incorporated as input to the analytical models and
will be used in development of the site-specific conceptual models.
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6.

Comment: The Navy must interact with MEDEP to arrive at a consensus on mixing
zone definition and analysis techniques. The work plan's discussion of how the
technique will be defined needs to be more thorough.

Response: It is agreed that MEDEP and U.S. EPA should have the opportunity to
review and comment on the mixing zone analysis before the modeling is completed. It
is proposed that the Navy submits a technical letter providing interim results from the
initial steps of the modeling task based on existing data. A conference call to discuss the
technical letter would occur shortly there after. It is anticipated that the technical !etter
would outline the COC selection process (including the initial COCs) at each site to be
modeled, the conceptual model developed for each area modeled, and the modeling
tools (including the mixing zone) proposed to be used. This format would allow for
review and comment by the regulatory agencies, and incorporation of their comments,
while not significantly slowing the completion of the Phase I modeling. Additional review
and comment by the regulatory agencies can made when the report is submitted.

The proposed sequence of events for on-shore/off-shore contaminant fate and transport
modeling can be summarized as follows:

• Phase I Model development, based on existing (RFI and RFI Data Gap) data,

• Submission of a technical letter to the regulatory agencies concerning the site
conceptual models, initial COC selection, and modeling too!.s,

• Review and comment by regulatory agencies, and comment resolution,

• Completion of Phase I Modeling and submission of the Phase I Modeling Report,

• Review and comment by regulatory agencies, and comment resolution,

• Phase II Modeling (if required). The Phase II modeling may involve refinement
of the Phase I analytical models based on additional data (e.g., low-flow
sampling results), or the Phase II modeling could be based on more complex
numerical models.

Comment: The text indicates that COCs will be "dropped" before running the Phase I
models. At a minimum, the Navy should give the regulators the chance to agree on
dropping COCs before proceeding. Specifically, in Figure 3-2 (page 3-7) of the Work
Plan" add "regUlatory review" or similar to acknOWledge that the Navy will confer with
EPA and DEP before COCs are dropped from further consideration and modeling. .

Response: It is agreed that MEDEP and EPA should have the opportunity to review
and comment on the initial COC list before the modeling is completed. It is proposed
that a technical letter from the Navy be submitted to MEDEP and the EPA followed

. 5



shortly with a conference call to discuss the technical letter as discussed in response to
EPA General Comment 5.

·.Regulatory review will be added to Figure 3-2.

EPA SPECIFIC COMMENTS

1. Comment: page 1-1. 2nd paragraph

Suggest changing the wording of the third sentence. Should Phase II modeling become
necessary, it could be difficult to explain why the modeling results are not
"questionable."

Response: The wording will be revised. See EPA General Comment No. 1 for the
revised text which will be incorporated.

2. Comment: page 1-1 bottom Ijne

Change "determine" to "estimate" or "evaluate".

Response: Agree. the sentence will be revised as follows:

"Current conditions at PNS will be simulated to lOletermine estimate the current maximum
impacts at the near-shore environment."

3. Commtmt: Sectjon 2.3.2 DRMO page 2-6

The text should cite groundwater as well as soil concentrations for parameters such as
PC~s, because groundwater transport is the pathway of concern.

Response: The last paragraph on page 2-6 does discuss exceedances of PCBs,
pesticides, and semivolatile organic compounds above residential MPS. The text will be
revised to cite the maximum concentrations detected in the groundwater. Also the
MPSs will be identified as "residential" MPSs. The text will be revised as follows: .

"In general, shallow wells were more highly contaminated and contained a greater
quantity of contaminants than bedrock wells. Also of note, total lead concentrations east
of the DRMO (Old Incinerator Area) are elevated (up to 440 times the residential MPS).
An exceedance of DDD occurred once (at 10 times the residential MPS) and PCB
exceedances occurred sporadically (at up to 260 times the residential MPS). The
maximum detections for DDD and total PCBs were 0.32 and 13 ug/l, respectively. One
slight exceedance of the residential MPS for BEHP occurred in the old incinerator area.
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5.

6.

.
Petroleum 10 fingerprinting indicated No. 6 Fuel Oil at two wells and compressor oil at
one welL"

'Comment: page 2-8

While there may not be a MPSs for mercury, this does not necessarily mean that
mercury will be overlooked. The text should clarify this for all contaminants.

Response: Agree. The following text will be added to the second paragraph from the
bottom on page 2-8:

"Although MPSs are not available for all chemicals (e.g., mercury) these chemicals will
still be evaluated and inf?luded in the initial COC selection process described in Section
5.0."

Comment: Section 2.0

A table summarizing sites "in" or "out" of Phase I modeling would help. Such a table
could also list sites that are ''to be ~tudied" which may need to be included in modeling
at a future time.'

ResponSe: Agree. The attached table will be included and referenced in Section 2.4.

It should be noted that Site 10 is now proposed to not be included in the Phase I
modeling. Recently, additional potentially contaminated areas associated with this site
have been identified. Due to these additional areas, investigative work (including the
installation of a monitoring well) is currently planned for this site. The Navy believes that
it would be more beneficial to evaluate this site at a later date when this additional data
is available. The text will be revised to reflect this change for site 10.

Comment: Section 3,1

How is "major" defined, in questions #1 and #2? What are the criteria for determining
"major"? similarly, how is "abnormal" defined and judged, in question #3, and "special"
in #4?, also, question #10 does not really fit into this modeling work plan directly,
although issues related to the feasibility of corrective actions, as well as the types of
corrective actions that are being considered, will have an influence on data collection,
analysis, modeling, etc.

Response: The, questions presented in Section 3.1 are intended to be, general
questions regarding the characterization of the site and 'are not necessarily directly
related to the Phase I modeling. For example, question # 10 does relate primarily to the
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7.

Feasibility Study portion of the ov rail investigation at the PNS, however, it does relate
to possible future uses of the model.

'In question #2 the term "major contaminant pathways" relates to the contaminant
pathways which can continues to contribute significant amounts of ~ntaminants to off­
shore receptors. Determination of the "major" pathways will be qualitative based on
understanding of the physical processes that are occurring at the site. For instance, the
migration of contaminant from the surface soils would not be expected to be a "major"
contaminant pathway since the surface soils are covered (with either pavement, clean
soil, or vegetation) or contain insignificant amounts of contamination. Migration from the
surface soils via surface-runoff or wind dispersal would not be considered a "major"
contaminant pathway. Contaminant pathways are discussed further in section 6.2.2.2
in the Work Plan. Also, see Figure 6-1 (page 6-13) which identifies major and minor
pathways.

Similarly, the "major" source areas referred to in question # 1 relate would also be
determined qualitatively based on sampling results' and a basic understanding of
contaminant pathways and chemical conditions.

The point of reference for determining "abnormal" or "special" in questions #3 and #4 is
a common non-tidal groundwater contaminant transport scenario unaffected by
saltwater intrusion (Le., no reversal of flow, groundwater table not fluctuating on an
hourly time frame, a pH close to 7. no large changes in dissolved oxygen contents, etc.)
The text of these two questions will be revised as follows:

"3. Are there any abnormal geochemical conditions (relative to a fresh groundwater
co,?dition) which might facilitate faster contaminant movements? How can these
conditions be characterized?

4. Are there any special physical processes (relative to a non-tidal flow conditions)
which might facilitate faster groundwater contaminant movements?"

Comment: Section 3,1. top of page 3-2

The process of developing the conceptual model should not be segregated from the
process of site characterization. No site characterization can take place without having
some form of model, even if it is a model only in the minds of the analysts and never put
on paper or into a computer model. Thus. the data should be analyzed to provide at
least a preliminary understanding of questions 7. 8 and 9 also. It is important to
formulate this understanding before using analytical models.

Also, it should be acknowledged that even a trend analysis is a form of a model, used
for predicting or simulating conditions. In summary. conceptual modeling is always
performed; sometimes, analytical or numerical modeling is performed, too.
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9.

Response: ,It is acknowledged that the development of the conceptual model will
involve a preliminary understanding of questions 7, 8, and 9, although those questions
can not be definitively answered until after the conceptual models are developed and

',model predictions compared to actual conditions.

Comment: Section 3.3 page 3-3

'The 2nd to last bullet at the top of the page, the one that includes "negotiate," is not
appropriate in the strategy for this modeling work plan. "Solutions" are in the realm of
''feasibility studies" or "design" work efforts. Also, define "conservatism" as used in the
last sentence of this section.

Response: The bullets listed on page 3-3 are general guidelines for conducting a
modeling project. It is agreed that the second to last bullet may not be appropriate to
the modeling work plan since the Phase I Modeling will not directly be used in
determining remedial designs. The models developed may at a later date be used to
support· the feasibility study. The second to last bullet will be eliminated.

The "level of conservatism" can be defined as how the model inputs and simplifications
relate to the uncertainty in the input parameters and in the model simplifications. For
instance if a model input parameter is not known with certainty and a range of possible '
input values is available, the input parameter can be chosen so that the predicted
concentration at the receptor will be estimated high to account for the uncertainty in the
knowledge of the input parameter. The model results could then be said to be
conservative. If the input parameter is chosen such that it is the highest in the range of
reasonable input parameters resulting in the highest receptor concentration, the model
could be said to be highly conservative, or to have a high "level of conservatism".

Comment: Section 5.2. page 5-1, bottom paragraph

COCs should not be eliminated because locations are not sampled during the low-flow
sampling to be conducted this summer. The last paragraph of page 5-1 is ambiguous in
this regard, because it specifically says that only the summer 1996 low-flow data will be
used for the groundwater COC assessment. Also, please clarify what the last sentence
means, especially "generally considered more conservative." What are the criteria for
determining this, and how will the criteria be applied?

Response: It is agreed that this paragraph is ambiguous in regard to the use of the
low-flow sampling, As stated in the last sentence on page 5-1, to complete the Phase I
modeling in a timely manner, only existing data (RFI and RFI Data investigations) will be
used. The Phase I modeling will not use the low-flow sampling. It is felt that using the
existing groundwater data in the Phase I Modeling will be conservative since the high
turbidity should cause the groundwater concentrations to be estimated high (unfiltered

9



concentrations will be used). Using this data will produce corresponding high model
predictions of off-shore contaminant concentrations.
The last paragraph on page 5-1 will be revised as follows:

'''Contaminant detections for soil at each site will be obtained from a data base that was
developed from raw data for the On-Shore Feasibility Study (Halliburton NUS, 1995a).
The database has since been revised with validated data and has been re-submitted by
U.S. Navy Memorandum to the U.S. EPA and MEDEP (USNAVY, 1995b). In order to
perform the Phase I modeling in a timely manner, contaminant detections for
groundwater will be obtained from this existing data (RFI and RFI Data Gap). Because
of high turbidity in the existing groundwater data, low-flow sampling is planned for the
fall of 1996 as part of the Groundwater Investigation and Monitoring Plan (B&R
Environmental, 1996b). It is believed that using the existing groundwater data in the
Phase I Modeling will be conservative since the high turbidity should cause the
groundwater concentrations to be estimated high (unfiltered concentrations will be
used). Using this data will produce corresponding high model predictions of off-shore
contaminant concentrations."

1O. Comment: Section 5.3 and Figure 5-1

The figure does not show. "the general procedure ... to determine on-shore zones of
contamination" as the text indicates. The figure should be expanded to include the way
the zones will be determined. Alternately, the 3 right-hand boxes could be' deleted,
because the purpose of the figure ("Evaluation of Initial COCs") is not served by the
"zones" boxes. Also, to be complete, the figure should include regulatory review and
input.

Response: Figure 5-1 will be revised and replaced with the attached figure. The boxes
concerning the determination of the on-shore zones of contamination have been
eliminated. The boxes were originally included to indicate that determination of the
initial COCs is dependent on the zones of contamination. This aspect of the COC
evaluation will be discussed in the text of the Work Plan. The first sentence of Section
5.3 will be eliminated.

,11. Comment: Section 6.1. first sentence

Change "simplifications" to "appropriate representations" or similar. Also, define
"important" and how criteria will be set and applied to determine this.

Response: The text will be revised as follows:

"Before the analytical model is specified, on-shore and off-shore conceptual models
need to be developed that are appropriate representations simplifisatiens of actual site
conditions"
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Th term "important fate and transport pathways" relates to the contaminant pathways
which can continue to contribute significant amounts of contaminants to off-shore
'receptors. Determination of the "important" pathways will be qualitative based on
'understanding of physical processes that are occurring at the site. For instance,
migration of contaminants from the surface soils would not be expected to be an
"important" contaminant pathway since the s'urface soils are covered (with pavement or
vegetation) or contain insignificant amounts of contamination. Migration from the
surface soil via surface runoff of wind dispersal would not be considered an "impo~ant"

contaminant pathway.

12. Comment: page 6-2. "Hydrogeology" section

Why are the high areas the only recharge areas? Does recharge not occur in other
areas, even up to the coast? For no recharge to be occurring, there would have to be
upwards flow and discharge, or the surface would have to be impermeable. Neither
would seem to be the case. This is important, because generation of leachate due to
infiltrating rainwater is not limited to the "high" areas only. Explain this interpretation
further.

Response: A groundwater recharge area by definition is an area where the net
saturated flow of groundwater is downward away from the water table. This condition
occurs over much of the island interior, Le., topographically higher areas. Near the
shoreline, the vertical component of groundwater flow tends to be upward toward the
water table, which is the definition of a discharge area. It is considered likely that some
precipitation infiltration occurs over most of the island, including the groundwater
discharge areas.

The text will be revised as follows:

"Groundwater movement is from the interiors of the four historical islands (Dennett's,
Seavey: Jamaica, and Clark's) to the island margins. The areas of higher topographic
elevation in the island interiors, which also correspond to areas of higher bedrock
surface elevation, are recharge areas (i.e, an area where the net saturated flow of
groundwater is downward away from the water table). Near the shoreline, the vertical
component of groundwater flow tends to be upward toward the water table, which is a
groundwater discharge area. Groundwater moves downward and laterally through the
overburden and bedrock toward the ultimate discharge areas, the Piscataqua River and
the Back ChanneL" .

13. Comment: page 6-2. bottom

Is there~ evidence that groundwater does not flow from the mainland and into the
PNS area, or is there' merely no evidence that it does? This distinction may be
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important, because if the former is true, then there may be deep groundwater flowing
under the facility that is preventing contaminated groundwater from flowing more deeply,
and thereby helping to limit the spread of contamination. In addition, such mainland­
'origin flow would also help limit the effects of saltwater intrusion. Consider whether it
'would be useful to perform further evaluation of the deeper groundwater, because of the
potential for helping to further .focus (and simplify?) the analysis and modeling efforts.

Response: The evidence looked at to determine whether groundwater from the
mainland was upwelling beneath the island was the vertical gradient information - an
upward gradient from deep bedrock to shallow bedrock within the island interiors would
suggest some regional flow from the mainland to the island, while a downward gradient
would suggest that the island groundwater is recharged from the island itself. To the
depths we investigated, a downward vertical gradient was observed within the island
interiors. The text will be modified to clarify this point.

It is expected that at some depth, regional groundwater flow would act to limit the further
migration of groundwater associated with the local, island groundwater flow system.
This regional groundwater system is part of the river basin hydrologic system and likely
includes some groundwater from the nearby mainland. Hydrogeologic work performed
at the base to date, however, have not included groundwater studies at this scale.

The text will be revised as follows:

''Within the bedrock, groundwater elevations decrease with depth (downward gradient)
in the island interiors, an indication that the historical islands are the source of water to
the deeper bedrock. Groundwater conditions in the deep bedrock wells are fresh. An
upward gradient from deep bedrock to shallow bedrock within the island interiors would
suggest some regional flow from the mainland to the island, while a downward gradient
would suggest that the island groundwater is recharged from the island itself. Based on
the downward vertical gradient at PNS, there is no evidence of regional groundwater
flow from the mainland, at least to the depths investigated (Le., 150 feet below ground
surface). Near the shoreline, deep bedrock groundwater levels are comparable to the
shallow groundwater and Piscataqua River water levels. Groundwater conditions are
brackish to saline, an indication of a hydraulic connection to the Piscataqua River or
Back Channel."

14. Comment:' page 6-2 bottom

Seasonal precipitation does not determine tide levels, it affects salinity levels and the
location of the freshwater/saltwater interface. Please rephrase the sentence.

Response: The text will be modified as follows:

''Throughout the year, freshwater input to the estuary typically represents only two
percent or less of the tidal volume (Short, 1992). Therefore, the water tiQe level in the
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estuary is less influenced by freshwater input seasenal presipitatien and more
influenced by tidal effects (variations in the relative positions of the earth, moon, and
sun). When the sun and moon are in-line with the earth, their gravitational forces work
',together to produce higher tides..."

15. 'Comment: Section 6.2.2.1

Since all groundwater on the site must Ultimately discharge to back channel or the
Piscataqua River, it is unclear how these depths will be used. Provide further
information.

Response: Based on the equipotential lines on the cross section plots contained in the
RFI Data Gap Report (HNUS, 1995) the major component of .groundwater flow is
horizontal, however, there is an upward component near the shoreline. For deep
groundwater, upward gradients near the shoreline can be used to project the discharge
area to the river. In addition, the conductivity generally decreases with depth and is
much less in the bedrock than in the overburden. In determining contaminated
discharge to off-shore areas, the depth of bedrock, the depth of the Piscataqua River
and the Back Channel,and the vertical profile of contamination in the groundwater will
be considered. Due to the generally higher contaminant concentrations in the
overburden and higher hydraulic conductivity in the overburden, it is anticipated that the
majority of the contaminant release will be from the overburden. The depth of
groundwater contamination in the overburden may be used as the thickness of the
contamination plume to estimate the volume rate of the contaminated discharge to the
off-s~ore, however, this will be more fUlly evaluated during the Phase I modeling.

The text will be clarified as follows:'

''The zones of contamination will be defined both for an area of the facility and with
depth. Based on the equipotential lines on the cross section plots contained in the RFI
Data Gap Report (HNUS, 1995) the major component of groundwater flow is horizontal;
however, there is an upward component near the shoreline. For deep groundwater,
upward' gradients near the shoreline can be' used to project the discharge area to the
river. In addition, the conductivity generally decreases with depth and is much less in
the bedrock than in the overburden. In determining contaminated discharge to off-shore
areas, the depth of bedrock, the depth of the Piscataqua River and the Back Channel,
and the vertical profile of contamination in the groundwater will be considered. Due to
the generally higher contaminant concentrations in the overburden and higher hydraulic
conductivity in the overburden, it is anticipated that the majority of the contaminant
release will be from the overburden. The depth of groundwater contamination in the
overburden may be used as the thickness of the contamination plume to estimate the
volume rate of the contaminated discharge to the off-shore, however, this will be more
fUlly evaluated during the Phase I modeling. The septh of sontaminates grol:lnswater
that san potentially sissharge to the off shore will be estimates bases on sepths of the
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Pissataqbla River ana the iask Channel. Groblnawater sontamination in the O'JerbblFaen
ana shallow bearosk will be sonsiaerea together to the aetefA:linea aepths of aissharge."

16. Comment: SectiQn 6.2.2 2 page 6-5. bQttQm

Does the grQundwater gradient reverse during all portiQns of the high tide? Net
groundwater flQW is "out" and therefQre, by simple mass balance cQnsideratiQns,
grQundwater flQW must be "Qut" during at least SQme pQrtiQn Qf the high tide. AlsQ, why
dQes grQundwater in the deep bedrQck nQt discharge tQ the surface water alQng the
PNS perimeter? where dQes it discharge? HQW is ''the PNS perimeter" defined?

Response: During low tide, grQundwater flQW is Qut intQ the river. During high tide,
grQundwater flQW acrQSS mQst Qf the islands is still tQwards the river, with an Qffsetting
flQW from the river inland alQng the island margins. The net effect of this grQundwater
flow pattern during high tide is a rise in groundwater elevations along and near the
shore, kind of a "reservQir filling up" effect along the island edges, with contributions of
water from both the island interiors and the river. As the tide goes out, the water in this
"reservQir" area flows out into the river. After this stQred up water frQm bQth the island
interiQr and river is discharged, then the island grQundwater system cQntinues tQ
discharge to the river during the IQW tide cycle. As the tide slowly rises again, the
groundwater discharge continues for a period of time, but the flow gradient decreases
as the river level increases. During the periQd Qf "average" tide level (when the river
level is 1/2 way between the maximum high tide and minimum low tide levels), it is
expected that the groundwater flow gradient is outward, discharging to the river. The
overall effect of this is a net discharge of groundwater to the river.

It is our interpretation that groundwater in the deep bedrock does discharge to the river,
but not alQng the island perimeter (the island perimeter was considered to be the
shoreline area). The discharge point for the deeper groundwater is likely further out in
the river. The deep bedrock groundwater has both lateral and vertical components of
flow gradient, thus the directiQnal mQvement is nQt straight up (in the case where the
vertical compQnent of the gradient is upward), but upward at SQme angle which WQuid
result in groundwater discharge to the river at points further out from the island shQre.

The text will be revised as follows:

"Groundwater in the deep bedrock dQes not discharge tQ off-shore surface water and
sediment immediately alQng the PNS facility perimeter (shQreline area). The discharge
point for the deeper groundwater is likely further out in the river. Due to the higher
hydraulic head expected in the mainland area in comparison to PNS and the short·
distance between the mainland and the PNS, deep groundwater discharge from the
island to the Back Channel area is expected to be minimal (if any)."

17. Comment: SectiQn 6.2.2 2. page 6-6
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18.

It is not obvious how the conclusion that ''the offshore modeling will be conservative
because sediment transport is not considered" is reached. This is especially true if the
offshore area being considered is a net depositional area that will receive contaminated
'sediments from several on-shore areas. In preparing the conceptual and Phase I
models, particular emphasis should be placed on areas where sediment accumulate.

Response: See response to EPA General Comment 3. Revised text is presented in
response to EPA Specific Comment 18.

Comment: Section 6.2.2.2. last paragraph

It is unclear how high levels of groundwater TSS will be used to determine if erosion is
significant. Potential for erosion of shoreline areas should be made using tidal currents
and grain size distribution, and most importantly a visual inspection of the site.

Response: The primary objective of using the TSS concentration is to determine if
significant erosion is occurring within the soil matrix near the shoreline due to the action
of the tidal fluctuation of the groundwater, not the actual erosion of the shoreline due to
tidal and wave action of the surface water. It is acknowledged that erosion by the
surface water has a potential to be significant; however, since most of the shoreline
adjacent to the sites being considered for the Phase I modeling are protected by hard
surfaces (e.g., riprap, seawall) or are calm waters (e.g. Back Channel) it is believed that
erosion by the surface water will not be a controlling factor. In conjunction with the
planned seep/sediment sampling, visual inspections of the sites could be conducted to
confirm this.

Upon further review of existing data, groundwater TSS data is not presently available. It
is not anticipated that any TSS data will be available during the Phase I Modeling. The
Phase I Modeling will, however, account for contaminated suspended solids in the
groundwater by using the existing unfiltered groundwater data.

When TSS data is available, the amount of erosion could be estimated by multiplying
the TSS concentration by the estimated groundwater flow to yield a mass of solids being
flushed from the soil matrix. This would be a conservative estimation procedure since it
assumes that all of the TSS concentration is actually flushed from the soil matrix, when
portions of the TSS may remain trapped in the soil matrix.

The text will be revised as follows:

In general, tidal erosion of contaminated soil is expected to be minimal, because the
rocky intertidal zone provides protection along the facility perimeter. However, at the
DRMO (S\I\lMU Site #6). fill may have been placed along the shoreline and may be
subject to the washing of fine particles (colloids) from the soil matrix by tidally induced
groundwater flow fluctuations to tidal erosion. The Phase I Modeling will account for
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contaminants being released by this mechanism through the use of the existing
unfiltered groundwater data (the unfiltered groundwater concentration data will account
for the contaminant mass of suspended solids being released to the surface water).

The analytical model will not consider sediment transport, but the predicted sediment
concentrations will be higher without considering sediment transport. Since much of the
on-shore contamination is either covered (with pavement, and/or vegetation) or present
below the ground surface (e.g. contamination from leaking underground storage tanks),
the most significant sediment generating contaminant transport pathway is through the
groundwater. The highest sediment concentration, due to contaminant migration in the
groundwater, will occur where the groundwater discharges through the sediment to the
surface water. If sediments are contaminated due to groundwater discharge at several
locations, (i.e. just off-shore from various sites), and the sediments are transported in
the surface water to a depositional area (such as a harbor), the mixed sediment
concentration in the harbor will not be any higher than the highest sediment
concentration off-shore of any of the sites. Therefore the most conservative sediment
concentration due to current day sources will be the sediment concentration at the
source (off-shore of the site before transport). To make a conservative estimate of
sediment concentration due to contaminant migration in groundwater, the transport of
sediment in the surface water does not need to be simulated. Therefsre, the R=lseeling
apprsach is csnservative e'len when tieal erssisn at the ORMO is nst csnsieeree.

V\lhile shsreline erssisn el>le ts tieal eUects is nst anticipatee ts ae a R=laisr csntaR=linant
transpsrt pathway at R=lsst sf the SSl>lFCe areas, the washing sf fine particles (csllsjes)
frsR=l the ssil R=latrix By tieally inel>lsee grsl>lnewater f1sw f1l>1stl>latisns will Be investigatee
at the ORMQ. Grsl>lnewater tstals sl>lspeneee sslies (TSS) grsl>lnewater eata will ae
evall>latee ts ascertain if high levels sf TSS are present whish R=lay ineisate a pstentially
significant erssisn pathway.

19. Comment: Section 6,3 1 page 6-8

Define the difference between ''total suspended solids" and "total suspended sediments"
measurements.

. Response: The information contained in the referenced paragraph was summarized
from two separate investigations. Total suspended solids were sampled and analyzed
by Jackson Estuarine Laboratory Standard Operating Procedures 1.05 and 1.06 (JEL
SOP 1.05 and JEL SOP 1.06), respectively. Total suspended sediments were sampled
and analyzed by JEL SOP 1.16. Based on discussions with JEL personnel, total
suspended sediment and total suspended solids are essentially the same.

The text will be revised as follows:

"Based on the EEAR investigation near the PNS facility, measured total suspended
solids averaged 10 mgtl and ranged from 7.5 to 13 mgt\. Based on the investigations for
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The text will be revised as follows:

17

Comment: Section 6,3.2.2

Response: The text will be modified as follows:

total suspended solids ssdiR=lsnt
• t i

Inter-tidal and near-shore river currents and density-driven currents (currents and
stratified flow conditions caused by the difference in density between saltwater and fresh
water) cause the erosion, re-suspension, transport, and deposition of sediments within
these areas.

Response: The density driven currents refer to currents and stratified flow conditions
caused by the difference in density between saltwater and fresh water.

What is the source of the density driven currents referred to in the third paragraph?
How are these different from river currents?

Why does all groundwater pass through the "sediment layer" in the intertidal zone? Is
there no other pathway, including flow through near-shore zone sediment or direct
seepage.

the Sedimentology Report (Ward, '1995),
concentrations ranged from 1.5 to 6 mglJ."

Comment: .Section 6.4

Response: It is acknowledged that groundwater can pass through other pathways
including the near-shore zone. Due to the uncertainty of what pathways and the relative
flow through each of these pathways that the groundwater can pass through, all of the
groundwater is assumed to pass through the intertidal sediment as a conservative
assumption. If all of the contaminated groundwater is assumed to pass through the
relatively small intertidal zone it will result in conservatively high sediment and surface
water concentrations.

"The hydraulic connection between on-shore groundwater and near-shore surface water
and sediment occurs primarily in the inter-tidal zone and the near-shore zone. As a
conservative assumption, a/l of the groundwater flow is assumed to discharge to the
intertidal zone (refer to Figure 6-2). This is a conservative assumption because it will

Modify the end of the first sentence to add "and the near-shore zone". ,

'Comment: Section 6.3.2.2 and figure 6.220.

22.

21.
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23.

24.

result in higher contaminant concentrations in the surface water and sediments in the
intertidal zone. In order to model the integration..."

Comment: Section 7 and 10

The Navy should include regulatory review and approval of the modeling tools. This
review/approval should be obtained before the Navy performs the modeling. The Navy
could perform ''test modeling" but this would be done with the risk that the regulatory
agencies might not approve the tool(s). '

R,esponse: Agree. See response to EPA General Comment 5.

Comment: page 7-4

EPA recommends that groundwater flow rates be estimated based primarily on water
balance (Le., recharge) estimates, instead of based on Darcy's Law, using parameter
estimates that are relatively more uncertain. Also, we would suggest that the simple
mixing cell model (as shown in Figure 7-1) is adequate, and it is therefore unnecessary
to complicate it by estimating the vertical mixing depth.

Response: It is believed that there are many uncertainties associated with performing a
water balance as well as the input parameters to a Darcy's law approach. Because both
methods are uncertain, both approaches will be conducted, a water balance will be
performed as well as flow rate calculation using Darcy's law. The two methods should
produce similar results, and should confirm one another. This will reduce the overall
uncertainty in the estimate of grol:lndwater flow.

The vertical mixing depth may not be used in the final equations depending on whether
the contaminated groundwater flow can be based on the depth of contamination in the
groundwater or the thickness of various layers (e.g., overburden, bedrock) under the
sites to be modeled. If the groundwater flow can not be estimated by methods such as
those mentioned above, the vertical mixing depth may be used to assist estimation of
the cross sectional groundwater flow area used to estimate the total groundwater flow
shown on Figure 7-1.

The following text will be added following the equation for the vertical mixing depth on
page 7-4.

"The vertical mixing depth may not be used inthe final equations depending on whether
the contaminated groundwater flow can be based on the depth of contamination in the .
groundwater or the thickness of various layers (e.g., overburden, bedrock) under the
sites to be modeled. If the groundwater flow can not be estimated by methods such as
those mentioned above, the vertical mixing depth may be used to assist estimation of
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the cross sectional groundwater flow area used to estimate the total groundwater flow
shown on Figure 7-1."

25. Comment: page 7-6. 2nd to last paragraph. last sentence

The model-predicted groundwater concentrations should not be used to evaluate.
whether stead-state has been reached.. If the model's concentrations are higher than
measured values, then the analysts should evaluate why the model is higher and
attempt to "calibrate" the model to ·the data. More importantly, only measured data
trends can be used to determine whether steady-state has truly been reached.

Response: See response to EPA General Comment 2:

26. Comment: page 7-8

In Section 6.2.2.2, the text states that the analytical model would be conservative
because sediment transport was not considered. Because there are sediment
deposition areas adjacent to PNS, it would appear to be necessary to examine sediment
contamination contributions from all PNS source areas. The concentration of.
contaminants in sediment is not simply a function of the groundwater flowing through the
sediment but also depends on whether other PNS contaminated sediments are being
transported to the location, dilution of that sediment from non-PNS sediment sources,
and biotrubation. Rather than not evaluating this type of potential cumulative impact,

.existing data should be used to determine if today's sediment concentrations are likely
to increase because of continuing discnarge from the island.

Response: See response to EPA General Comment 3.

27. Comment: Figures 7-1 and 7-2

The text should be revised to cite references for the equations shown, and/or they
should include derivations in the work· plan. In general, this should be done for any
equations in the work plan. This information is necessary before EPA can fully evaluate
the appropriateness of the equations as presented.

Response: Agree. The text will be revised so that the derivation of the analytical
equations will be presented in the text. Each equation in the text will then be followed by
the parameter definitions contained in the equation.

The equations and derivations will also be included in the proposed interim technical
letter as described in response to EPA General Comment 5. This will allow the
regulatory agencies the opportunity to evaluate the equations before the modeling is
completed..
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28. Comment: Figure 7-2

'If the analytical model assumes that all the groundwater discharges through intertidal
sediments, how is the concentration of the sediment in the near-shore zone
determined?

Response: The sediment concentration in the near-shore zone is conservatively
. assumed to equal the sediment concentration in the intertidal zone. This is stated on
page 6-12.

This will be clarified in the last paragraph of on page 7-8:

"Preliminary equations for the intertidal zone, near-shore zone, and sediment layer
concentrations are shown in Figure 7-2 with a conceptual cross-sectional view of the shoreline.
Definitions of the model parameters are summarized in Table 7-2. These equations are
developed by defining an initial concentration in the intertidal zone under constant groundwater
contaminant loading, a constant dilution factor in the near-shore mixing volume after one 6-hour
ebb tide, and a mixing ratio of surface water and groundwater in the sediment pore space. The
sediment concentration in the near-shore zone is conservatively assumed to equal the
sediment concentration in the intertidal zone. Detailed descriptions of the derivation of these
equations will be presented in the Phase I Modeling Report."
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RESPONSE TO MEDEP COMMENTS DATED JULY 3,1996
DRAFT ON-SHOREIOFF-SHORE CONTAMINANT FATE
AND TRANSPORT MODELING
PHASE I WORK PLAN
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE

MEDEP GENERAL COMMENTS

1. Comment: Any modeling effort requires validation using actual contaminant analysis of
the media involved. The MEDEP believes greater understanding of contaminant transport
mechanisms would be derived by focusing on high quality monitoring of groundwater and
sediment including monitoring proposed in the interim groundwater monitoring and seep
sampling work plans.

The MEDEP believes that the interpretation of geochemical conditions at individual
operable units (OUs) using geochemical models may be beneficial. A high degree of
physical and geochemical complexity is associated with the migration of inorganic
contaminants from the on-shore to the off-shore environment such as:

• mixing of high ionic strength salt water and low ionic strength fresh water;

• mixing of reduced groundwater and oxygenated estuarine water; and

• heterogeneity of fill materials.

The MEDEP suggests the geochemical modeling of groundwater chemistry would provide
a more reliable method of assessing the solubility, and therefore the transportability of
metal' contaminants. Several geochemical models (e.g. MINTEQ; PHREEQUE) should be
evaluated for this purpose.

Response: At this time, low-flow sampling results are not expected to be available until at
least November 1996 and seep/sediment results until at least December 1996. This
MEDEP comment concerning focusing on monitoring data conflicts with the EPA direction
to expedite the modeling activities. Furthermore, reliance on long-term monitoring will
delay decisions concerning whether or not a given site requires remediation and, if so,

. which remedy should be selected. The Navy believes that the Phase I modeling task can
proceed, prior to the availability of the groundwater analytical results using low-flow
sampling techniques and the analytical results from the seep/sediment sampling event, for
the following reasons:

• Development of the Phase I analytical models using existing groundwater data
will present a conservative estimate of the on-shore contaminant impacts to off­
shore receptors (Le., previous conventional sampling techniques may have
resulted in the reporting of elevated contaminant concentrations due to high
turbidity conditions. Note that existing unfiltered groundwater concentrations will
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be used in the Phase I modeling. This stimate will identify the potential
magnitude of the these impacts relatively quickly and assist in determining what
additional evaluations and/or analyses may be required.

• The Phase I modeling may identify potential data gaps. If the Phase I Modeling
is delayed until the availability of the low-flow groundwater sampling results and
the seep/sediment sampling results, these data gaps may not be identified until
later which could ultimately delay the remediation process (it is understood that
modeling will not be the sole basis for making remedial decisions, however, the
modeling results will'be a significant factor in the remedial decisions and it is
unlikely that final remedial decisions will be made without consideration of the
modeling results regarding future conditions).

• Completing the Phase I modeling with the existing data will allow the regulatory
agencies to review and comment on the modeling approach at an earlier date.
This will allow the Navy and the regulatory agencies to come to a consensus on
the modeling approach earlier so that as the low-flow groundwater data and the
seep/sediment data becomes available the modeling can be refined quickly (if
necessary), and therefore allowing remedial decisions to be made sooner.

It is proposed that the Navy submit a technical letter providing interim results from the
initial steps of the modeling task based on existing data. A conference call to discuss the
technical letter would occur shortly there after. It is anticipated that the technical letter
would outline the COC selection process (including the initial list of COCs) at each site to
be modeled, the conceptual model developed for each area modeled, and the modeling
tools (including the mixing zone analysis) proposed to be used. This format would allow
for review and comment by the regulatory agencies, and incorporation of their comments,
while not significantly slowing the completion of the Phase I modeling. Additional review
and comment by the regulatory agencies can be made when the report is submitted. .

The proposed sequence of events for on-shore/otf-shore contaminant fate and transport
modeling can be summarized as follows:

• Phase I Model development, based on existing (RFI and RFI Data Gap) data,

• Submission of a technical letter to the regulatory agencies concerning the site
conceptual models, initial COC selection, and modeling tools,

• Review and comment by regulatory agencies, and comment resolution,

• Completion of Phase I Modeling and submission of the Phase I Modeling Report,

• Review and comment by regulatory agencies, and comment resolution,

• Phase II Modeling (if required). The Phase II modeling may involve refinement
of the Phase I analytical models based on additional data (e.g., low-flow
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sampling results), or the Phase II modeling could be based on more complex
numerical models.

The Navy disagrees with the reliance on geochemical modeling. Geochemical modeling
of the fate of contaminants in the natural environment is best used to interpret field and/or
laboratory measurements. However, the uncertainty of typical geochemical modeling is
still too high to be used alone as a predictive tool for remedial decision making in complex
environments.

At the present time, not enough data exists to complete geochemical modeling. After
completion of the interim groundwater monitoring and seep/sediment sampling programs,
more data required for geochemical modeling will be available, however, not all. Most
geochemical models require data from a typical chemical analysis (Le., the concentrations
of various elements or species). Other inputs such as alkalinity, pH, Eh, temperature, and
solution density are also required, as well as specification of the aqueous species needed
to balance the charge and ensure electrical neutrality. In general, two types of codes are
used to model aqueous and solution geochemistry: distribution-of-species codes, which
represent the thermodynamics of a static system, and reaction-progress codes, which
examine the consequences of an evolving ~ystem in which various phases in a system
react with one another. The comment suggests the use of distribution-of-species codes
assuming the site is under equilibrium conditions. However, under steady-state
equilibrium conditions, the direct measurements of contaminant concentrations in
groundwater and seep samples will reflect the effects of all the on-going geochemical
processes between the source and discharge point. There-fore, the measured
contaminant concentrations will provide all the necessary information for fate and
trapnsport analysis purposes. Geochemical modeling can only confirm the direct
measurements. -

The Navy believes that at this time geochemical modeling will not add significant value to
the project since not enough data presently exists to complete geochemical modeling and,
once the analytical results of the interim groundwater monitoring and seep/sediment
sampling programs are available, the measured contaminant concentrations will provide
all of the information necessary for risk assessment purposes.

,
It is anticipated that soil/water partitioning coefficients (~) will be used to estimate the
mobility of contaminants in the Phase I modeling. If literature ~ values need to be
incorporated into the modeling, water quality parameters (such as those to be taken
during the groundwater monitoring and seep/sediment sampling) can be used to
qualitatively aid in the fat~ and transport analysis. When additional water quality
parameter results are available, they can be used to qualitatively determine what range of
literature ~ values are reasonable. -
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MEPEP SPECIFIC COMMENTS

1. Comment: 2.2.1 On-shore Inyestigations. Page 2-3. para 2

"Because of questions on previous sampling methods, techniques, and reporting
methods..."

Cite the most recent Air Monitoring Report dated June 1996.

Response: Agree. The most recent Air Monitoring Report will be cited in the text. The
text will be revised as follows:

"Because of questions on previous sampling methods, techniques, and reporting
methods, the Phase II Ambient Air Quality and Meteorological Monitoring Report
(Hallib~rten NUS, 1QQ5b Brown & Root Environmental, 1996d) was prepared as a
confirmation air monitoring study."

The reference list will be updated as well.

2. Comment: 2.3.3 SWMU #8, Page 2-8, Para 3

"The estimated risks associated with the soil contamination were within the U.S. EPA
acceptable risk range..."

The State of Maine's acceptable incremental lifetime cancer risk is 1 x 10.5. Risks
exceeding this level must be considered.

Response: The U.S. EPA acceptable risk range wa,s provided for reference only to
provide a benchmark of comparison in describing the site conditions. The accumulated
risk of the contaminants in soil at site 8 exceed MEDEP incremental lifetime cancer risk of
1 X 10.5. The text will be revised to indicate this. The Navy was anticipating implementing
a soil cover to address this minimal risk. Final determination of the acceptability of soil
concentrations will be made in the Feasibility Study. Acceptability of the on-shore soil
concentrations will be determined by comparison to on-shore MPSs, and the comparison
of final on-shore/off-shore modeling results with off-shore MPSs (Human Health and,
Ecological [being developed]), Applicable Maine acceptable risk levels will be
incorporated in development of the MPSs. '

The text will be revised as follows:

''The estimated risks associated with the soil contamination were within the U.S. EPA
acceptable risk range (10~ to 10·~t however, the risks exceeded MEDEP level range of
10'5." (Of note, the Navy was planning on selecting a soil cover alternative to address low
site risks).
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3. Comment: 2,3,4 SWMU #9. page 2-9. para 4
..

''The poured concrete blocks and precast concrete pipes at MBI were excavated and
inspected for integrity.II

The concrete blocks were never excavated. The soil around the blocks was excavated.

Response: The sentence will be revised as follows:

liThe soil around the poured concrete blocks and around the precast concrete pipe at MBI
was excavated ana inspestea fer inte~rity. The concrete blocks and precast concrete pipe
were inspected for integrity." .

The last sentence of the paragraph explicitly states that the concrete blocks and pipe were
left in place during the RFI investigation, so no additional clarification will be required.

4. Comment: 2.3.6 SWMU #11, Page 2-11, Para 5

''The main contaminant. of concern in soil is lead and other contaminants."

Consider rewriting the sentence.

Response: The paragraph containing the referenced sentence will be revised as follows:

"Following tank removal,. sampling was conducted by PNS and MEDEP, and
contamination was found in the excavated material. The FRain sent3FRinant ef sensern in
seil is leaa ana ether sent3FRinants. As a result of tRe elevated levels of lead and other
contaminants, 332 tons of soil were excavated and disposed in an off-site RCRA
permitted land disposal facility. The excavation effort was terminated because of the
proximity of the JILF and not because all contaminated soils were removed. Soils and
groundwater were investigated in both the RFI and RFI Data Gap investigations. 1I

5. Comment: 2.3.6 SWMU #11, Page 2-12, Para 2

IIFor soils exceedances occurred for PAHs...1I

Change "For" to "Four".

Response: The sentence will be revised as noted.

6. Comment: 2.3.14 Site #29 -Incinerator Site, Page 2-18, Para 2
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"Site 29 will be part of future site inv stigations. It will not be considered in the Phase I
modeling effort, because there is no field data or analysis to support the modeling effort."

There are currently three test boring/monitoring wells (DSB/DW-8, -8B, -9) located in the
vicinity of the Incinerator Site Ash Landfill. Subsurface soil samples indicated fill materials
located to depths of 20 to 40 feet below ground surface which exceed media protection
standards for lead. The MEDEP suggests these test boring/monitoring wells be included
in all evaluations of the DRMQ.

Response: Boring/Monitoring wells DSB/DW-8, -8B and -9 (as well as all data taken in
the vicinity of the DRMQ) will be evaluated and used to the greatest extent possible in the
on-shore/off-shore modeling effort to be completed for the DRMQ.

7. Comment: 3.1 Major Site Characterization Questions, Page 3-1, Para 2

The MEDEP requests the opportunity to review and comment on the Navy's responses to
questions 1-8 when responses are developed.

Response: The questions presented in section 3.1 are intended to be general questions
regarding the characterization of the site and are not necessarily directly related to the
Phase I modeling. For example, question NO.1 0 relates primarily to the Feasibility Study
portion of the overall investigation at the PNS, however, it does relate to possible future
uses of the model.

The answers to questions 1-7 will be presented in the technical letter to be submitted prior
to the submission of the Phase I modeling report as described in response to the General
Comment. The responses to questions 8 and 9 will be presented in the Phase I modeling
report. Question 10 would be addressed in the Feasibility Study.

8. Comment: 3.2 Role of The Modeling Study, Page 3-2, Para 3

"Based on the data conditions at the PNS, examples of appropriate model applications are
to link and interpret all of the available data, to identify potential data gaps, to evaluate
sensitivities of important factors, and support remedial decisions by predicting future
conditions with acceptable uncertainties."

The MEDEP agrees there is a need to link and interpret all available data, identify data
gaps, and evaluate important factors related to the fate and transport of contaminants.
However, the MEDEP will not accept model results alone for determining remedial actions
at Operable Units (QUs). Extensive monitoring of both the on-shore and off-shore
environments is required to support any remedial decisions.
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Response: It is un~erstood that modeling alone' can not be the sole basis for remedial
decisions, however, it is the intent of modeling to support the remedial decisions. The text
will be clarified as follows:

"Based on the data conditions at the PNS. examples of appropriate model applications are
to link and interpret all of the available data, to identify potential data gaps, to evaluate
sensitivities of important factors, and &wppert to provide an additional tool to be used in
making remedial· decisions. Modeling can assist in making remedial decisions by
predicting future conditions with acceptable uncertainties."

9. Comment: 3,2 Role of The Modeling Study. page 3-2, para 4
,

"In summary. the modeling study will first interpret the existing data and develop
reasonable conceptual models of the hydrogeological conditions and contaminant fate and
transport processes at major source areas within the PNS."

The MEDEP requests the opportunity to review and comment on the conceptual models
once they are developed.

Response: The response to the MEDEP General Comment outlines a sequence of
regulatory review including review of the conceptual models.

10. Comment: 3,3 General Modeling Strategy. page 3-3. para 3

"Important features of this .framework include up-front identification of issues and
questions to be answered about the study area, utilization of previous study results, ..."

Will the models incorporate analytical data from the proposed interim groundwater
monitoring and seep sampling programs as they become available? Due to the proposed
improvements in sampling (Le. low-flow Sampling), this data should be more
representative of groundwater quality.

Response: As discussed in response to the MEDEP General Comment, it is anticipated
that the Phase I modeling will be completed prior to the availability of the low-flow
sampling results and that the results Phase I modeling will be conservative. The low-flow
sampling results will be incorporated into the Phase II modeling, if it is required.

11. Cpmment: 3,3.1 phases of Study page 3-3 para 4

''The primary focuses of the Phase I modeling include COC screening and conservative
estimation of baseline impacts to the near-shore receptor locations."
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Model estimation of impacts to the near-shore receptor locations is only useful as a
comparison to near-shore water and sediment quality monitoring results.

Response: The measured off-shore sampling concentrations are the result of impacts
from PNS and other sources located in the estuary. It is the understanding of the Navy
that the primary objective of the Phase I modeling is to determine which on-shore areas of
contamination can continue to release contaminants to off-shore areas. The amount of
contamination already deposited in off-shore areas (as represented by the off-shore
sampling results) is not directly relevant to the objective of determining which on-shore
areas are continuing to release contaminants to the off-shore. Since the Phase I
modeling will only model impacts from PNS, the modeling results can not be directly
compared to the sample results.

The simulation of all the possible sources of contamination to the off-shore areas is not
, practical for the Phase I modeling considering that there are numerous potential sources

at PNS and many sources Qutside of PNS (e.g., sewage treatment plant outfalls located
along the estuary). The numerous sources throughout the estuary could not be accurately
simulated with an analytical model. Even with an numerical model, the loading history and
number' of sources contributing to the estuary are not known so that it would be
impossible to accurately match model predicted concentrations with measured
concentrations in the off-shore areas.

While it is understood that direct measurement of soil and water quality always has less
uncertainty associated with it as compared to modeling results, direct measurement is
limited to discrete sample points and discrete points in time. Modeling, however, can
predict future water and sediment quality due to continued on-shore sources. The
modeling can then assist in providing a more complete estimation of baseline impacts
along with the direct measurement of water and sediment quality.

The text will be revised as follows:

''The primary focuses of the Phase I modeling include COC screening and 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
Feasibility Study to develop the final estim'ation of baseline impacts."

12. Comment: 3,3.2 Leyels of Conservatism. Page 3-4. para 4

''The models will be as realistic and site-specific as can be supported by available data
and field observations."

Model results are considered secondary to field and laboratory results.

Response: Disagree. As discussed in the response to MEDEP Specific Comment 11, it
is agreed that direct field measurement is less uncertain that,modeling results, however,
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Response: Agree. The text will be revised as follows:

15. Comment: 4.2 Potential Sources of Preliminary Criteria, Page 4-1, Para 3

14. Comment: 4,2 potential Sources of Preliminary Criteria. page 4-1 para 2

. :.~(,

"These two documents ["Quality Criteria for Water" (EPA, 1986); "Origin of Human Health"
(EPA, 1991)] represent a comprehensive list of surface water quality criteria for the off­
shore COCs."

"Draft off-shore Media Protection Standards (MPSs) are available for surface water and
sediment quality (based on human h~.alth~ risk scenarios). Off-shore MPSs based
on ecological receptors are being developed and will be used as a source of preliminary
criteria if they become available during the Phase I modeling effort. If the off-shore
ecological MPSs are not available during the Phase I modeling, Tt:lese standards along
~ other established surface water and sediment criteria will be used. Examples of other
established surfacewater and sediment criteria are Iist~d below. "

Draft off-shore ecological MPSs are not available for surface water and sediment quality
based on ecological MPSs.

"Draft off-shore Media Protection Standards (MPSs) are available for surface water and
sediment quality based.on ecological and human health MPSs."

Additional sampling and analysis may be required, particularly in the near-shore
environment, for comparison to model results.

Response: As discussed in response to MEDEP Specific Comment 11, the model
prediction can not be directly compared to off-shore sampling results. It should be noted
that the anticipated Phase I modeling approach will result in the prediction of conservative
long term water concentrations which may not be directly comparable to results measured
at a discrete point in time. It is not believed that additional sampling will be required for
the Phase I modeling. One of the objectives of the Phase I modeling, however, will be
the identification of any data gaps.

"Ih order to assess the impact of on-shore contamination. to the near-shore zone,
predicted surface water and sediment concentrations will be compared to surface water
and sediment criteria."

modeling does provide additional information (e.g., future conditions) that the direct
measurements can not.

13. Comment: 4.1 pyrpose. page 4-1 para 1
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Maine Ambient Water Quality Criteria must also be considered for off-shore COCs.

.Response: Agree, Maine Ambient Water Quality Criteria will also be considered for off­
shore COCs. The text will be revised as follows:

"Surface water quality criteria have been Ets'lslepsEt established by both the Maine
Department of Environmental Protection (MEDEP) and the U.S. Environmental Protection
Agency (EPA). Maine Ambient Water Quality Criteria and the following two EPA
documents will be considered in developing off-shore COCs. The original EPA document
entitled, "Quality Criteria for Water, 1986" (EPA, 1986), has been revised for human
health consumption of organisms and water in a later document entitled, "Origin of Human
Health" (EPA, 1991). These two EPA documents and the Maine Ambient Water Quality
Criteria represent a comprehensive list of surface water quality criteria for the off-shore
COCs. "

16. Comment: 5.2 List of Initial COCs for Screening Model, Page 5-1, Para 3

"First, on-shore contaminant detections will be compared to on-shore Media Protection
Standards (MPSs) to determine which contaminants have exceeded MPSs. Second,
on-shore contaminant detections for groundwater will also be compared to off-shore
criteria."

As stated in Section 5.2 of this work plan, on-shore MPSs are based on future land use
designations for soil (industrial and residential) and groundwater (residential only). On­
shore MPSs were not intended for assessment of off-shore impacts. . COCs should
include all contaminants that may have a detrimental effect to the off-shore environment.
This should include contaminants associated with off-shore human health risks and
ecological impacts. The MEDEP requests the opportunity to review and comment on the
List of Initial COCs for Screening Model as they are developed.

Response: The on-shore contaminant detection comparison to on-shore MPS are
proposed to be included in the COC screening process to account for the possibility that
the on-shore groundwater receptor could become relevant due to unexpected changes in

. exposure scenarios. The top box on the left side of Figure 5-1 was intended to represent
on-shore contaminant detections with on-shore criteria as well as on-shore contaminant
detections related to off-shore receptors which would be compared to off-shore criteria.
An example of how the on-shore soil concentrations can be related to off-shore receptors
follows by calculating the maximum leachate concentration originating from the on-shore
soils. This will calculated by dividing the maximum on-shore soil concentration by the
soil/water partitioning coefficient (Ka). For the initial COC screening, the maximum
leachate concentration will be compared to off-shore surface water human health MPS
and ecological surface water criteria as described in the response to MEDEP Specific
Comment 15.
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As discussed in response to the General Comment, it is proposed that a technical letter
be issued during the modeling process after the COCs have been selected and the
conceptual models are completed followed by a conference call. This would give the
regulatory agencies a chance to review and comment on these initial portions of the
modeling. The comments can then be incorporated as appropriate before completion of
the Phase I Modeling. .

The text will be revised as follows and a revised Figure 5-1 is attached to this comment
response letter.

The second and third paragraphs of Section 5.2 will be replaced with the following text:

"On-shore soil and groundwater sampling results will be compared to both on-shore and
off-shore criteria. The primary objective of the Phase I modeling is to predict impacts to
off-shore receptors, however, comparison to on-shore criteria is also proposed to account
for the possibility that unexpected changes in risk scenarios may result in the need for
.remediation of groundwater due to on-shore receptors. Although on-shore groundwater
will not be used as a drinking water source in the future, comparison with on-shore MPSs
will be retained in developing the initial list of COCs, as a conservative measure. As a
result, some COCs may be deleted from the final list of COCs upon further assessment
(and regulatory review).

First, on-shore contaminant detections will be compared to on-shore Media Protection
Standards (MPSs) to detennine which contaminants have exceeded MPSs. Second, on­
shore contaminant detections for soil and groundwater will also be related to off-shore
receptors (surface water) and compared to off-shore surface water criteria. As an example

. of how the on-shore soil concentration can be related to off-shore surface water
concentration, the maximum leachate concentration. originating from the on-shore soils
could be calculated by dividing the maximum on-shore soil concentration by the soil/water
partitioning coefficient (KcJ. The maximum leachate concentration could then be
compared to off-shore surface water human health MPS and ecological surface water
criteria as described section 4.2. The on-shore groundwater concentrations would also be
compared to the off-shore surface water criteria. Third, off-shore COCs for ecological and
human healt{1 criteria which have been detected on-shore and can be attributed to the
on-shore source area would also be considered an initial COCo For example, the heavy
metal contamination located off-shore of Berth 6 may not be related to site #27 (Fuel Oil
Spill at Berth 6). The contaminants that exceed the on-shore MPSs, or off-shore surface
water criteria, or have been defined as off-shore ecological or human health COCs and
can· be attributed to a contaminant source area would be considered as initial COCs for
the screening model.

Contaminant detections for soil at each site will be obtained from a data base that was
developed from raw data for the On-Shore Feasibility Study (Halliburton NUS, 1995a).
The. data base has since been revised with validated data and has been re-submitted by
U.S. Navy Memorandum to the U.S. EPA and MEDEP (USNAVY, 1995b). In order to
perfonn the Phase I modeling in a timely manner, contaminant detections for
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groundwater will be obtained from this existing data (RFI and RFI Data Gap). Because of
high turbidity in the existing groundwater data, low-flow sampling is planned for the fall of
1996 as part of the Groundwater Investigation and Monitoring Plan (B&R Environmental,
1.996b). It is believed that using the existing groundwater data in the Phase I Modeling will
be conservative since the high turbidity should cause the groundwater concentrations to
be estimated high (unfiltered concentrations will be used). Using this data will produce
corresponding high model predictions of off-shore contaminant concentrations."

17. Comment: 5.2 List Qf Initial COCs for Screening MQdeL page 5-1 para 4

"In Qrder tQ perfQrm the Phase I mQdeling in a timely manner, the Phase I mQdeling will
only use existing data (RFI and RFI Data Gap investigatiQns) which is generally
cQnsidered mQre conservative."

GrQundwater data frQm the RFI and RFI Data Gap investigatiQns is cQmprQmised by
sampling artifacts such as high turbidity. These results will nQt be as representative Qf
aquifer cQnditiQns as samples cQllected using IQw-f1QW sampling techniques. The MEDEP
suggests using analytical results fQr grQundwater samples cQllected using IQw-f1QW
sampling as they becQme available.

Understanding Qf geQchemical prQcesses which Qccur as a result Qf mixing IQw-iQnic .
strength, pQtentially IQW Eh fresh water with oxygenated, high iQnic strength salt water is
essential tQ characterizatiQn Qf these aquifer systems. The interim grQundwater
mQnitQring prQgram will prQvide data mQre suited tQ geQchemical assessment than
previQus water quality data. Assessment Qf IQw-f1QW grQundwater data in cQmbinatiQn
with prQpQsed seep water and sediment sampling data may prQvide an understanding Qf
the geQchemical transitiQn frQm areas like the JILF tQ Clark CQve. .

Response: As discussed in respQnse tQ MEDEP General CQmment, the Navy believes
that the Phase I mQdeling task can prQceed priQr tQ the availability Qf the grQundwater
analytical 'results using IQw-f1QW sampling techniques and the analytical result frQm the
seep/sediment sampling event. The reaSQns that the Phase I mQdeling can be initiated
based Qn the existing data are discussed in the respQnse tQ General CQmment.

It is agreed that understanding Qf the geQchemical cQnditiQns in the grQundwater and
surface water in and arQund PNS WQuid be beneficial, hQwever, as discussed in respQnse
tQ the MEDEP General CQmment, the Navy believes that geQchemical mQdeling WQuid
nQt prQvide significant value due tQ the limitatiQns Qf geQchemical mQdeling. It is
anticipated that adsQrptiQn/desQrptiQn in the grQundwater (in bQth tidally influenced and
nQn-tidally influenced areas) will be based Qn site specific data (e.g., grQundwater and SQiI
samples taken at the sample IQcatiQn CQuid be used tQ estimate a sQil/water partitiQning
cQefficient) Qr, if this data is nQt available, based Qn cQnservative literature values Qf
sQil/water partitiQning coefficients. Whether a value is cQnservative Qr nQt will depend Qn
the receptQr. Qualitative evaluatiQn of site-specific grQundwater chemistry will alsQ be
cQnducted during the selectiQn of literature values.
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18. Comment: 6.2,1 Site Conditions. Hydrogeology. Page 6-2. Para 4

"Slug test results confirm that overburden materials have hydraulic conductivities that are
1 to 2 orders of magnitude higher than those in the shallow bedrock."

Generally this is true. However, the RFI Data Gap Report reports bedrock wells with
hydraulic conductivities as high as 184 feet/day (DW-10B) and overburden wells with
hydraulic conductivities as low as 3.8 feet/day (WOT-4). Assessment of aquifer hydrology
should be specific to site areas and nested well pairs.

Response: The intent of this .statement was to give a general description of the aquifer
hydrology. It is agreed that site and area of contamination specific assessment of aquifer
hydrology should be and will be made during the Phase I modeling. The level of
complexity of the types of models to be used will not allow data for each individual nested
well pair to be inputted into the Phase I model, however, data from each well will be
evaluated and incorporated into typical input values.

19. Comment: 6.2,1 Site Conditions. Hydrogeology. page 6-2. para 5

"Groundwater flow in the bedrock does not seem to be structurally controlled, at least to
the depths of the wells at the PNS facility."

What is the basis for this statement? The MEDEp· is unaware of any effort to assess
bedrock structure at PNS at a scale that would support this statement. A dye test was
performed as part of the RFI Data Gap Investigation but assessment of flow directions
was not compared to bedrock structure.

Additional work such as a bedrock fracture trace analysis is required to assess
groundwater flow within the bedrock aquifer. Based on limited site observations, the
MEDEP suspects horizontal anisotropy within the bedrock aquifer with preferential
groundwater .flow along dominant, vertically dipping, bedrock joints and fractures.

Response: The basis for the statement made is that groundwater flow patterns at the
facility appear to .be related more to topography and the locations of groundwater
recharge and discharge areas, rather than being controlled by bedrock structure (Le.,
strike/dip of bedrock units, major lineaments, etc.). Groundwater flow patterns do not
indicate any preferential directional flow along a structural feature. or structural trend. We
agree that groundwater flows preferentially within fractures in the bedrock, and that there
may be some horizontal anisotropy at a fracture-specific scale, however we feel that the

.overall groundwater flow through the bedrock is through a large-scale. network of
intersecting fractures, from topographically high areas to the island margins. We have
seen no evidence that on a large scale groundwater flows preferentially along one or more
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preferential alignments related to bedrock structure, including preferred fracture
orientations.

The text will be revised as follows:

"Groundwater in the bedrock occurs principally in fractures. Near the bedrock surface,
fractures are pervasive because of weathering. With depth, the size and
interconnectedness of fractures generally decrease, potentially limiting the movement of
groundwater. At PNS, hydraulic conductivity generally decreases with depth.
Groundwater flow in the bedrock does not seem to be structurally controlled, at least to
the depths of the wells at the PNS facility. Groundwater flow patterns at the facility
appear to be related more to topography and the locations of groundwater recharge and
discharge' areas, rather than being controlled by bedrock structure (i.e., strike/dip 'of
bedrock units, major lineaments, etc.). Groundwater flow patterns do not indicate any
preferential directional flow along a structural feature or structural trend. While
groundwater flows preferentially within fractures in the bedrock, and that there may be
some horizontal anisotropy at a fracture-specific scale, the overall groundwater flow
through the bedrock is through a large-scale network of intersecting fractures, from
topographically high areas to the island margins. There is no evidence that on a large
scale groundwater flows preferentially along one or more preferential alignments related
to bedrock structure, including preferred fracture orientations. Variability in the hydraulic
conductivity with depth could not be related to any structural trend."

20. Comment: 6.2.1 Site Conditions Contaminant Fate and Transport. Page 6-4. Para 5

"Dissolved .contaminants are transported via advection, dispersion, and retardation in the
groundwater. Natural decay of contaminants occurs."

Retardation is not a transport mechanism but rather inhibits transport.

Inorganic contaminants (Le. metals) do not decay.

Response: Agree. The sentence will be clarified as follows:

"Transportation of dissolved contaminants are transperteg \lia governed by advection,
dispersion, and retardation in the groundwater. Natural decay of organic contaminants
may occur."

21. Comment: 6.2.1 Site Conditions, Contaminant Fate and Transport, Page 6-4, Para 6

"Groundwater in the deep bedrock does not discharge to off-shore surface water and
sediment along the PNS facility perimeter."
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Tidal survey results reported in Appendix I of the RFI Data Gap Report indicate that water
levels at two deep bedrock wells, OW-70B and FA-010B, are effected by the tidal cycle.
Water levels recorded at OW-7, OW-7B, and OW-70B indicated a slight upward
groundwater flow gradient suggesting migration of deep bedrock groundwater to off-shore
surface water.

Response: It is our interpretation that groundwater in the deep bedrock does discharge
to the river, but not along the island perimeter (the island perimeter was considered to be
the shoreline area). The discharge point for the deeper groundwater is likely further out in
the river. The deep bedrock groundwater. has both lateral and vertical components of flow
gradient, thus the directional movement is not straight up (in the case where the vertical
component of the gradient is upward), but upward at some angle which would result in
groundwater discharge to the river at points further out from the island shore.

The text will be revised as follows:

"Groundwater in the deep bedrock does not discharge to off-shore surface water and.
sediment immediately along the PNS facility perimeter (shoreline area). The discharge
point for the deeper groundwater is likely further out in the river. Due to the higher
hydraulic h~ad expected in the mainland area in comparison to PNS and the short
distance between the mainland and the PNS, deep groundwater discharge from the island
to the backchannel area is expected to be minimal (if any)."

22. Comment: 6.2.2.1 Source Characterization. Page 6-5. para 3

"Based on an evaluation of the initial contaminants of concern (discussed in Section 5.0),
a list of COCs for soil and groundwater and corresponding on-shore zones of
contamination will be defined for the analytical modeling."

The proposed list of COCs should be included with this work plan. Conceptualization of
contaminant fate and transport must be based on the geochemical properties associated
with individual contaminants. For example, a conceptual model of lead fate and transport
would include the solubility of lead within the context of anticipated Eh/pH aquifer
conditions; adsorptive properties of dissolved lead relative to solid and aqueous
conditions; and other physical and geochemical processes which would contribute to the. .
migration of lead in groundwater. This conceptual process must be outlined for each
individual contaminant of concern in order to justify the validity of the models assumptions.

Response: As discussed in response to the MEOEP General Comment, it is proposed
that the regulatory agencies be given a chance to review and comment on the COCs
selected and the conceptual model of each siteand/or area of contamination. Selection
of the initial list of COCs is part of the modeling effort and will not be included in the work
plan.
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23. Comment: 6.22 1 Source Characterization. page 6-5 para 4

"The zone of contamination will be defined both for an area of the. facility and with depth.
The depth of contaminated groundwater that can potentially discharge to the off-shore will
be estimated based on depths of the Piscataqua River and the Back Channel."

Vertical groundwater flow gradients must be considered at individual sites and nested
piezometer to assess potential discharge of contaminated water to the river.

Response: Vertical gradients will be considered when assessing the contaminated
groundwater discharge to off-shore. Based on the equipotential lines on the cross section
plots contained in the RFI Data Gap Report (HNUS. 1995) the major component of
groundwater flow is horizontal, however,there is an upward component near the
shoreline. For deep groundwater, upward gradients near the shoreline can be used to
project the discharge area to the' river. In addition, the conductivity generally decreases
with depth and is much less in the bedrock than in the overburden. In determining
contaminated discharge to off-shore areas, the depth of bedrock, the depth of the
Piscataqua River and the Back Channel, and the vertical profile of contamination in the
groundwater will be considered. Due to the generally higher contaminant concentrations
in the overburden and higher hydraulic conductivity in the overburden, it is anticipated that
the majority of the contaminant release will be from the overburden. The depth of
groundwater contamination in the overburden may be used as the thickness of the
contamination plume to estimate volume rate of the contaminated discharge to the
off-shore, however, this will be more fUlly evaluated during the Phase I modeling.

The text will be revised as follows:

"The zones of contamination will be defined both for an area of the facility and with depth.
Based on the equipotential lines on the cross section plots contained in the RFI Data Gap

. Report (HNUS, 1995) the major component of groundwater flow is horizontal however,
there is an upward component near the shoreline. For deep groundwater, upward
gradients near the shoreline can be used to project the discharge area to the river. In
addition, the conductivity generally decreases with depth and is much less in the bedrock
than in the overburden. In determining contaminated discharge to off-shore areas, the
depth of bedrock, the depth of the Piscataqua River and the Back Channel, and the
vertical profile of contamination in the groundwater will be considered. Due to the
generally higher contaminant concentrations in the overburden and higher hydraUlic
conductivity in the overburden, it is anticipated that the majority of the contaminant release
will be from the overburden. The depth of groundwater contamination in the overburden
may be used as the thickness of the contamination plume to estimate volume rate of the
contaminated discharge to the off-shore, however, this will be more fully evaluated during
the Phase I modeling. T/:le ~ept/:l ef sentaminate~ greun~water l/:lat san petentially
~issharge le the eff shere will ~e estimate~ gase~ en ~epths ef the Pissataqua River an~
the Back Channel. Greun~water centaminatien in the ever~urgen an~ shalle'/} ~egreGk

will ~e sensi~ereg tegether te the ~eterminea aepths ef aischarge."
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24. Comment: 6.2.2.2 Important Contaminant pathways. page 6-5. para 6

"Because surface soils are either covered with pavement or have insignificant
contamination, the transport of 'contamination via surface run-off or wind dispersal is
considered to be insignificant."

The JILF is not covered with pave~ent and significant sources of contamination are
located within the landfill. The soil and vegetative cover over the landfill is presumed to
prevent transport of contamination via surface run-off or wind dispersal.

Response: Agree. The sentence will be revised as follows:

"Because surface soils are either covered (i.e., with pavement, and/or vegetation) or have
insignificant contamination, the transport of contamination via surface run-off or wind
dispersal is considered to be insignificant."

25. Comment: 6,2,2,2 Important Contaminant pathways. page 6-6. para 1

"However, at the DRMO (SWMU #6), fill may have been placed along' the shoreline and
may be subject to erosion. The analytical model will not consider sediment transport, but
the predicted sediment concentrations will be higher without considering sediment
transport. "

Fill was placed along the shoreline. Visual observation of the shoreline provides ample
evidence of erosion. Predicted sediment values must be compared to analytically
determined sediment contaminant values.

Response: As discussed in response to MEDEP Specific Comment 11, measured
sediment concentrations can not be directly compared to the model predicted sediment
concentrations since the. measured sediment concentrations may contain loading from
sources other that at PNS which are not included in the modeling. Additionally, the
modeling addresses only sources which are can potentially continue to release
contaminants to the environment and not previous releases.

Since much of the on-shore contamination is either covered (with pavement, and/or
vegetation) or present below the ground surface (e:g. contamination from leaking
underground storage tanks), the most. significant contaminant transport pathway is
through the groundwater. The highest sediment concentration, due to contaminant
migration in the groundwater, will occur wh.ere the groundwater discharges through the
sediment to the surface. water. If sediments are contaminated due to groundwater
discharge at several locations, (Le. just off-shore from various sites), and the sediments
are transported in the surface water to a depositional area (such as a harbor), the mixed
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sediment concentration in the harbor will not be any higher than the highest sediment
concentration off-shore of any of the sites. Therefore the most conservative sediment
concentration due to current day sources will be the sediment concentration at the source
(off-shore of the site before transport). To make a conservative estimate of sediment
concentration due to contaminant migration in groundwater, the transport of sediment in
the surface water does not need to be simulated.

This section of text will be clarified and is presented in response to MEDEP Specific
Comment 26.

26. Comment: 6.2 2 2 Important Contaminant pathways, page 6-6, para 2

"Groundwater total suspended solids (TSS) data will be evaluated to ascertain if high
levels of TSS are present near the shoreline, which may indicate a potentially significant
erosion pathway."

How does the Navy propose to evaluate TSS in groundwater. It is the understanding of
the MEDEP this can only be accomplished using low-flow sampling techniques. The
highest energy in the fill areas adjacent to the river would occur dl:Jring a storm event.
TSS should be evaluated during or soon after a storm event to assess the maximum
possible TSS measurements.

Response: The primary objective of using the TSS concentration is to determine if
significant erosion is occurring within the soil matrix near the shoreline due to the action of
the tidal fluctuation of the groundwater, not the actual erosion of the shoreline due to tidal
and wave action of the surface water. It is acknowledged that erosion by the surface
water has the potential to be very significant, however, since most of the shoreline .
adjacent to the sites being considered for the Phase I modeling are protected by hard
surfaces (e.g., riprap, seawall) or calm (e.g. Back Channel) it is felt that erosion by the
surface water will not be a controlling factor. In conjunction with the planned
seep/sediment sampling, visual inspections of the sites could be conducted to confirm
this.

Upon further review of existing data, groundwater TSS data is not presently available. It is
not anticipated that any TSS data will be available dUring the Phase I Modeling. The
Phase I Modeling will, however, account for contaminated suspended solids in the
groundwater by using the existing unfiltered groundwater data.

When TSS data is available, the amount of erosion could be estimated by multiplying the
TSS concentration by the estimated groundwater flow to yield a mass of solids being
flushed from the soil matrix. This would be a conservative estimation procedure since it
assumes that all of the TSS concentration is actually flushed from the soil matrix, when
portions of the TSS may remain trapped in the soil matrix.

The text will be revised as follows:
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In general, tidal erosion of contaminated soil is xpected to be minimal, because the rocky
intertidal zone provides protection along the facility perimet r. However, at the DRMO
(SWMU #6), fill may have been placed along the shoreline and may be subject to the
washing of fine particles (colloids) from the soil matrix by tidally induced groundwater flow
fluctuations te tisal eresien. The Phase I Modeling will, however, account for
contaminants being released by this mechanism through the use of the existing unfiltered
groundwater data (the unfiltered groundwater concentration data will account for the
contaminant mass of suspended solids, being released to the surface water).

The analytical model will not consider sediment transport, but the predicted sediment
concentrations will be higher without considering sediment transport. Since much of the
on-shore contamination is either covered (with pavement, and/or vegetation) or present
below the ground surface (e.g. contamination from leaking underground storage tanks),
the most significant sediment generating contaminant transport pathway is through the
groundwater. The highest sediment concentration, due to contaminant migration in the
groundwater, will occur where the groundwater discharges through the sediment to the
surface water. If sediments are contaminated due to groundwater discharge at several
locations, (i.e. just off-shore from various sites), and the sediments are transported in the
surface water to a depositional area (such as a harbor), the mixed sediment concentration
in the harbor will not be any higher than the highest sediment concentration off-shore of
any of the sites. Therefore the most conservative sediment concentration due to cu"ent _
day sources will be the sediment concentration at the source (off-shore of the site before
transport). To make a conservative estimate of sediment concentration due to
contaminant migration in groundwater, the transport of sediment in the surface water does
not need to be simulated. TRerefere, tRe R=leseling appreasR is senservative even WRen
tisal eresien at tRe ORMO is net Gensiseres.

'PJI1ile sRerelineeresien sble te tisal effests is net antisipates te ge a R=lajer GentaR=linant
transpert patRWay at R=lest ef tRe seblrse areas, tRe IJi'asRing ef fine partiGles ~selleiss)

freR=l tRe seil R=latrix 9y tisally insbiGes greblnswater flew f1b1stblatiens will ge investigates at
tRe ORMO. Greblnswater tetals sblspenses seliss ~TSS) greblnswater sata will ge
e'Jalbiates te assertain if RigR levels ef TSS are present wRisR R=lay insisate a petentially

. signifisant eresien patRway.

27. Comment:6,2,2,3 Important Contaminant Fate and Transport processes, pg 6~6, para 4

"Parameters that are utilized to describe the transport processes in the analytical model
(e.g. solidlliquid distribution coefficient) will be estimated with site-specific data if available
or literature values,"
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The following information regarding solidlliquid distribution coefficients (~) was extracted
from a draft copy of EPA's Technical Background Document for Soil Screening
Guidance1

:

The soil-water distribution coefficient (KJ for metals and other inorganic compounds is affected by
numerous geochemical parameters and processes, including pH; sorption to clays, organic matter,
iron oxides, and other soil constituents; oxidation/reduction conditions; major ion chemistry; and
the chemical form of the metal. The number of significant influencing parameters, their variability
in the field, and differences in experimental methods result in as much as seven orders of
magnitude variability in measured K" values reported in the literature. This variability makes it
much more difficult to derive generic K" values for metals that for organics.

Response: It is understood that there can be a high degree of variability in Kef values
reported in literature (especially for inorganic contaminants). Prior to the availability of
the low-flow groundwater and seep/sediment sampling results, It is anticipated that
adsorption/desorption in the groundwater (in both tidally influence and non-tidally
influenced areas) will be based on site-specific data (e.g. existing groundwater and soil
samples taken at the same location could be used to estimate a soil/water partitioning
coefficient) or, if this data is not available, based on conservative literature values. If
literature values are needed to be used they will be chosen from the range of values
cited so that high concentrations at the receptor locations will result. Using these
ranges of literature values should ensure that the estimated mobility of the contaminants
is not under estimated. Once the low-flow groundwater and seep/sediment sampling

. results are available sediment partitioning coefficients can be estimated by dividing the
solid sediment concentration by the liquid seep concentration; this would be conducted
as part of the Phase II modeling, if necessary. .

28. Comment: 7,2.3 Basic Analytical EQuations. page 7-3 para 4. Bullet 10

"No cumulative impact from multiple sources."

Please provide further explanation for this aspect of the models assumptions.

Response: It will be assumed in the modeling that the upgradient groundwater flow to
each source is uncontaminated. The subject bullet 10 will be revised as follows:

"No cumulative impact from multiple sources (i.e., upgradient groundwater flow is
uncontaminated), ..

29. Comment: 7.2.3 Basic Analytical EQuations, page 7-4. para 4

''VzO is the vertical seepage velocity (ftlyr)."

lEPA, Office of Solid Waste and Emergency Response, Technical Background
Document for Soil Screening Guidance, Review Draft, November 1994.
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What assumptions will be used to determine the VzO.

Response: Based on comments from EPA (Specific Comment 24) the vertical mixing
" depth may not be used in the Phase I modeling, however, if the vertical seepage
velocity is required during the Phase· I modeling it will be estimated based on the
procedures in the Superfund Exposure Assessment Manual (U.S. EPA, 1988), Section
3.5.2.2.

30. Comment: Table 7-1 Definitions of the On-Shore Model Parameters. page 7-5

It would be helpful to the reader if the parameter definitions were included on the same
page as the model equations.

Response: Agree. The text will be revised so that the derivation of the analytical
equations will be presented in the text: Each equation in the text will then be followed by
the parameter definitions contained in the equation.

31. Comment: 7.2.5 On-Shore Model parameter Estimation and Model Application
procedure. Page 7-6, para 5

"One of the objectives of the Phase I modeling will be the determination of whether the
contaminant concentrations at the PNS are in "steady state conditions" (i.e, flushing
mode with stable or decreasing groundwater discharge concentrations) or if the
contaminant groundwater concentrations are increasing with time."

Due to the large potential variability of Kd values (see Specific Comment 19) and other·
model parameters, the MEDEP does not feel the model can realistically predict
groundwater trends. The most scientifically defensible approach to .groundwater
contaminant trend analysis is using long term monitoring data and appropriate statistical
methods.

Response: It is agreed that the most scientifically defensible approach to groundwater
contaminant trend analysis is using long term monitoring data and appropriate statistical
methods, however, for Phase I work the groundwater data is too limited to statistically
evaluate trends. The first low-flow sampling event has yet to occur, so any long term
trend analysis of this high quality data could not be done for the Phase I modeling.
Furthermore, reliance on long-term monitoring will delay decisions concerning whether
or not a given site requires remediation and, if s,?, which remedy should be selected.

The existing groundwater data from the RFI and RFI Data Gap investigations is
compromised by sampling artifacts such as high turbidity. The Navy. believes that the
data from the RFI and RFI Data Gap can be used for the modeling since the high
turbidity should cause the groundwater concentrations to be estimated high. This will
produce conservatively high modeling predictions. There is more uncertainty associated
with the modeling due to the turbidity in the groundwater sampling, however, any error in
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the true groundwater concentrations due to the turbidity will result. in more conservative
modeling results .

. Trends in the existing groundwater data will be investigated. It is anticipated that
.because of limitations of the existing groundwater data (limited temporal span of data)
that the trend evaluation will focus on a simple comparison of data points in the same
monitoring wells to see if the concentrations are increasing or decreasing with time.

32. Comment: Figure 7-1 Basic On-shore Analytical EQuations pNS. Kittery. Maine page
~

The MEDEP does not believe the analytical model presented in this work plan provides
any meaningful contribution toward the characterization of contaminant transport at
PNS. The MEDEP believes the monitoring of groundwater, surface water, and sediment
quality required to calibrate and prove the validity of any fate and transport model would
in itself provide more value for interpreting contaminant migration. See Specific
Comment 19.

Response: It is felt that the Phase i modeling will provide a meaningful contribution as
outlined in response to the MEDEP General Comment.

33. Comment: 11.0 proposed Outline. page 11-2

Sections 2-8 should be provided for the MEDEP's review and comment as they are
developed. It's important that the MEDEP is allowed the opportunity to provide input
during the process, so that consensus can be reached on crucial elements of the model
before the model is completed. It would be helpful if the Navy could provide a time
frame for completion of each report section.

Response: It is agreed that regulatory input during the modeling process is beneficial,
however, the Navy believes that a separate review and comment period for each section
of the Phas.e I modeling report could very seriously delay the completion of the
modeling effort and subsequently the completion of the on-shore feasibility studies and
ultimately the site remediation.
As discussed in response to the MEDEP General Comment, it is proposed that the
conceptu'al models, the initial COC list, and the modeling tools be submitted to the
regulatory agencies when they 'are available during the modeling process. This would
be followed by a conference call to discuss the agencies comments. This format would
allow for review and comment by the regulatory agencies, and incorporation of their
comments, while not significantly slowing the completion of the Phase I modeling.
Additional review and comment by the regulatory agencies could be made when the
report is submitted.
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-------------------
FIGURE 5-1

EVALUATION OF INITIAL CONTAMINANTS OF CONCERN
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE

DETECTED CONTAMINANTS
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Note: This analysis will be performed for each SWMU
(6, 8, 11, ,27) for soil and groundwater.



Included Not Considered as Not Enough Data
In Phase I Continuing Source, to Support
Modeling of Contamination Modeling, Sites

Not In Phase I Part of Future
Modeling Investigation

SWMU #5 - Industrial Waste Outfalls X
SWMU #6 - Defense Reutilization and X
Marketing Office (DRMO) 'Storage Yard
SWMU #8 - Jamaica Island Landfill (JILF) X
SWMU #9 - Mercury Burial Site I and X*
Mercury Burial Site II (MBI and MBII)
SWMU #10 -Battery Acid Tank No. 24 X
SWMU #11 - Former Waste Oil Tanks X
Nos. 6 and 7
SWMU #12 - Boiler Blowdown Tank No. 25 X
SWMU #13 - Rinse Water Tank No. 27 X
SWMU #16 - Rinse Water Tank No. 34 X
SWMU #21 - Acid/Alkaline Drain Tank X (soil) X (ground water)
SWMU #23 - Chemical Cleaning Facility X
Tank (Building 174)
SWMU #26 - Portable OillWater Tanks X
SWMU #27 -Industrial Area at Berth 6 X
Site #29 - Incinerator Site X
Site #30 - Galvanizing' Plant Building 184 X
Site #31 - West Timber Basin Landfill X
Site #32 - Topeka Pier Site X
Oil Gasification Plant, Building 62 X

*

TABLE 2-1

SUMMARY OF SITES TO BE INCLUDED IN THE PHASE I MODELING
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE

To be included as part of SWMU #8 in modeling.
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