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EXECUTIVE SUMMARY 

This abbrevialed Remedial lnvcstigation (Rl) Report was prepared for Operable Unit 2 (OU2) at the Fletcher's 
Pa int Works and Storage Facility Supcrfund Sitc (Flctchcr's Paint Supcrfund Site) along the Souhegan River in 
Milford, New Hampshirc (Figure I- I). Thc R1 Rcport was prcparcd by Watcrmark Environmental Inc. 
(Watennark), with assistancc from Tctra Tcch EC, Inc. (Tctra Tech), undcr contract W9 12WJ-05-D-0004 Task 
Order 05 to the Un ited States Anny Corps of Engineers (USACE), Ncw England District (CENAE). 

The Fletcher's Paint Superfund Sitc was officially listed on the National Priorities List (NPL) by the United 
States Environmental Protection Agency (US EPA) on March 3 1, 1989, as a result of investigations related to the 
1984 closure of the Keyes Munic ipal Supply Well (Keyes We ll). In 1984, volatile organic compounds (VOCs) 
were detected in the nearby Keyes Well by the New Hampshire Department of Environmental Services 
(NHDES - fonnerly known as the New Hampshire Water Supply and Pollution Control Commission). This 
triggered the removal of the Keyes Well from service and prompted a series of investigation and remediation 
ac tivities to determine and address the contaminant sources. 

Fletcher' s Paint manufactured, stored, and sold paints and stains fo r res idential use from 1949 to 1991. Annual 
production was 25,000 to 35,000 gallons of both water-based paints and solvent-based oil paints. 
Manufacturing occurred at the Elm Street Area, and a wood-frame bu ilding in the Mi ll Street Area was used for 
storage of bulk pa int pigments. The Mill Street Area contained two sheds that were used by Fletcher's Paint to 
store bulk paint pigments for over 25 years. During the Fletcher's Paint operations, hundreds ofdrums of 
hazardous substances were stored outside at both the Elm and Mi ll Street Areas, ultimately leading to the release 
of various hazardous substances to the surrounding environment. Although polychlorinated biphenyl compounds 
(PCBs) were not extensively used in the paint operations, "scrap pyrano l", which contained various mixtures of 
PCBs, trichlorobenzene, and trichloroethylene, was used and resold for other non-paint re lated purposes such as 
a dust suppressant, heating oil, and as a compound for the roofing cement industry. The Fletcher's Paint Works 
also used (he scrap pyranol to suppress the dust at the Elm Street fac ilily. These activities resu lted in ubiquitous 
surface soil contamination, as we ll as contamination of sub-surface soil and groundwater from infi ltration and 
contamination ofSouhegan Ri ver sediments via runoff and groundwater discharge. 

In Apri l of 1996, a Remedial Investigation/Feasibility Study (RIIFS) was completed for OU I. This study and 
other supp lemental studies have revealed that soils, sediments, surface water, and groundwater are contaminated 
with volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), meta ls, PCBs, and 
pesticides as a result of acti vities that occurred at the Fletcher's Paint properties. In addition, the RI studies 
showed that surface water and sediment in the Souhegan River was contaminated and certain fish and biota 
within the river were poten tially impacted as a result of the contamination. PCB, VOC, SVOC, and heavy metal 
contamination from the Elm Street and Mill Street Areas has migrated to the river via former Fletcher's Paint 
manufacturing activities, improper storage of drums, and runoff from the Elm Stree( Area, as well as surface 
water runofffrom Mill Street through the drainage ditch/cu lvert system (Figure I- I). Additional details 
regarding the characterization of the contamination at the Fletcher's Paint Superfund Site can be found in the 
1994 R1 (ADL, 1994a), 1998 Record of Dccision (ROD) (USEPA, 1998), 2009 ROD Amendment (USEPA, 
2009a), 2009 Pre-Design Investigation Report (BBL, 2009), and the Admini strati ve Record. 

The Fletcher' s Pa int Superfund Site was divided into two Operable Units to investigate apparent releases of 
hazardous substances to the environment. OUI consists of the Elm Street Area, Mill Street Area, and a drainage 
ditc h/cul vert system connecting these two areas. It also includes a plume of groundwater contamination 
extending from the Mi ll Street Area through the Elm Street Area to the Souhegan Ri ver. A remedy was selected 
for OU I in 1998 and amended in 200 1, 2009, and 20 10. The remedy fo r OUI incl udes the excavation and off­
site treatment/disposal of approximately 28,000 cubic yards of PCB contaminated soils, containment of residual 
contamination, and long tenn monitoring of the contaminated groundwater. Documents rclated to the OUI 
cleanup, includ ing the Remedial Design are available on the internet at 
www.epa.gov/ne/superfund/siteslfletcher. 
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OU2, which is the focus of this abbreviated RI , is comprised of the Keyes Memorial Field and Keyes Memorial 
Pool (Keyes Field) groundwater and the section of the Souhegan River located in the vicinity of the Elm Street 
Area (Figll re 1-1 ). The Keyes Field area is currently the location ofa municipal park which is comprised of the 
Keyes Memorial Field complex and the Keyes Memorial Poo l. Keyes Field includes baseball and softball 
diamonds , a soccer field , and other outdoor recreational courts, picnic, and play areas. A small structure 
housing the Keyes We ll is located on-site on the northern end near the Souhegan River. While the Keyes We ll 
was in operation, contamination in the groundwater resu lting from the past activities at the Mi ll Street and Elm 
Street Areas was drawn north and west through the Keyes Field to the Keyes Wel l. Contaminams related to the 
Fletcher' s Paint Superfund Site were found in the Keyes We ll in 1984. With the removal of the Keyes Well 
from service in the 1980s, groundwater flow from the Mill Street and Elm Street Areas is no longer toward the 
Keyes Well, but generally north from the Mill Street Area towards Elm Street, then northwest towards Keyes 
Field, and finally north/northeast to the Souhegan River, ultimately disc harging to the Souhega,n River. 

The Souhegan River is located north of the Elm Street Area and flows from west to cast, through the Town of 
Mi lford. It eventually discharges into the Merrimack River, which is localed about 12 miles downstream of the 
Elm Street Area (ARCADIS, 2007). 

The Souhegan River investigations have focused specifically on the arca ofthc river j ust upstream of the Elm 
Street Area down to the Goldman Dam. The Goldman Dam, which is located approximate ly one-ha lf mile 
downstream from the Elm Strect Area, is the first impoundment downstream of the Site. Just be low the 
Go ldman Dam is the McLane Dam, which is the last impoundment located between the Souhegan River and the 
Merrimack River (Figure 1-1). Additional investigations in the Souhegan River between the Goldman and 
McLane Dams were conducted in August 2011 as part of an ongo ing Dam Removal and River Restoration 
Feas ibil ity Study being conducted by the Town of Milford. 

The overall objective of [his abbreviatcd RJ Rcport for OU2 is to present a summary of the various 
investigations conducted at the Fletchcr's Paint Superfund Site as part ofOU2 within the Keyes Field 
groundwa ter and Souhegan River, and document the nature and extem of contam ination within the OU2 study 
area. For Keyes Field, historic groundwater data arc summarized and a baseline Human Health Risk 
Assessment (HHRA) is presented in this rcport for human health exposures related to Keyes Field groundwater. 
This OU2 RI Report also summarizes the risk assessment conducted on the Souhegan River for human and 
eco logical receptors (Batte lle , 2011). 

Keyes field Groundwater 

Groundwater investigations in the vicinity of Keyes Field were initiated as a result of the 1984 elosure of the 
Keyes WelL The Keyes Well , located approximately 800 feet northwest of the Elm Street Area, operated from 
1972 101984. Subsequent to the closure of the Keyes Well , numerous groundwater investigations have been 
conducted in the vic ini ty of Keyes Field. 

Groundwatcr flow in the vicinity of Keyes Field is in a north-northeast direction across Keyes Field and 
discharges imo the Souhegan River. From the Mill Street Area, groundwater flows north toward Elm Street and 
then north-northwest toward the Souhegan River. Under current, non pumping conditions, Keyes Field is 
located hydraulica lly upgradiem of OU I and downgradient of (he Xtramart gasoline station located on Elm 
Street (Figure 1-1). 

Early investigations of Keyes Field groundwater conducted as part ofOU I found elevated concentrations of 
VOCs (primarily benzene , (oluene, ethylbenzene, and xylene [BTEX J) in several of the Keyes Field wells. The 
highest concentrations of VOCs were detected along the southern edge of Keyes Field on the northern side of 
Elm Sireet across from Ihe gasoline station (currently Xtramart). The OU I RI (ADL, I 994a) concludcd that the 
VOC contamination observed in groundwater beneath Keyes Field was assumed to have been transported from 
an ofT-site lOCal ion and not associated with historic releases from the Mi ll Streel or Elm Street Areas. At that 
time, the VOC comamination observed in groundwater appeared to have originaled from a source ncar the 
intersection of Elm and West Streets and migrated through the groundwater in a northeasterly direction across 
Keyes Field toward the Souhegan River. 
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The Xtramart has operated as a gasoline station since 1956 when the property was owned by the Atlantic 
Richfield Company. The property has been regulated by the NHDES si nce 1994. Numerous subsurface 
invest igations, groundwater monitoring events, and field observations have beeo completed to determine the 
extent ofcontamination in soil and groundwater. A soil vapor extraction (SVE)/air sparge (AS) remediation 
system has been in operation at Xtramart since May 2007. Groundwater monitoring of the Xtramart wel l 
network has been conducted routinely since 1996. Elevated levels of BTEX and methyl tert-butyl ether 
(MTBE) that were detected in we ll s along the southern edge of Keyes Field fo r the first several years have 
declined significantly over the last seven years (CEA, 2010). 

Supplemental groundwater monitoring has been conducted at Keyes Field by General Electric and USEPA since 
2007. Significant results from these sampling events include the detection of MTBE at a concentration of 49 
IlgiL in KWO I 0 (50 IlgiL in the duplicate sample), which exceeds the NHDES standard for MTSE of 13 IlgiL. 
STEX has not been detec ted in any of the on-site wells at Keyes Field in the past four years. 

The quantitative Human Health Risk Assessment (HHRA) performed relative to potential exposures to the on­
site groundwater focused on a future Park Worker, a future Park User, and hypothetical futu re Residents who 
cou ld be exposed to the on-site groundwater as tapwater in a domestic setti ng if the Keyes Well were to be re­
activated and the groundwater used to supply the public water system. The exposure scenarios evaluated for the 
future Park Worker and the future Park User assumed that all water used at the park for all needs (e.g., drinking, 
irrigation, washing, fi ll ing the pool) would come from the on-site groundwater. This ineluded potential 
ingestion (i.e. , drinking) as well as potential dermal absorption exposures due to direct contact w ith the 
groundwa ter during these uses. It must be emphasized that the water currently available at the park is 
munic ipally suppl ied from other sources (i.e., not the on-site groundwater). The calculated risks for the future 
Park Worker and the future Park User under these potential fu ture exposure scenarios did not exceed the 
USEPA cancer risk reference range or non-cancer thresho lds. The calculated risks for the hypothetical future 
Resident (adult and chi ld) under the scenario of the on-site groundwater as a municipal water supply did exceed 
both the USEPA cancer risk reference range and the non-cancer hazard index (HI) threshold of one. However, 
the exceedance of the USEPA cancer risk reference range was aJmost ent irely due to a one time detection of 
arsenic at a concentration just over the detection limit and maximum contaminant level (MCL) standard of 10 
IlgiL. This detection of arsenic was detcrmined to likely be due to the natura lly occuning arsenic in the area's 
bedrock and lithology. The only othcr compound in the on-site groundwater that contributed to any significant 
degree to the calculated risks was MTSE. However, MTBE was only detected in one well in 2007 and was very 
likely due to upgradient off-site sources that are currently be ing addressed unde r NHDES regulations. As such, 
the MTBE is not indicated to be due to any release from the Fletcher' s Paint Superfund Site and is not expected 
to pose a long-term concern if upgradient sources continue to be addressed and monitored. 

The screen ing level ri sk assessment for the upgradient groundwater revealed that (hi s groundwater has or is 
likely to have contaminant levels that excecd thresholds for a public drinking water supply. Charactcrizations of 
the hydraul ic conductivities in thc overburden and in the underlying bedrock (USGS, 1996) suggest that a cone 
of depression would likely be created if the Keyes Well were to be re-activated to extract water fo r use as a 
publ ic supply. Thi s pumping would be likely, based on past experience, to draw groundwater from these 
upgradienl locations and re-contaminate the on-site groundwater. A Keyes Well re-activation scenario should 
not be considered until the various sources of the upgradient contamination arc ident ified and remediated. It is 
assumed, g iven the ongoing remediation and groundwater moni toring efforts associated with the Xtramart site 
under the NHDES regulations (NHDES Sitc No. 199404027), that the contamination assoc iated with thc 
Xtramart property is un li kely to impact Keyes Field groundwater in the futu re if the Keyes Well remains 
inactive unti l this off-site source has becn rcmediated. 
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The HHRA for the Keyes Field groundwater suggests that there are no current human heahh risks related to the 
on-site Keyes Ficld groundwater and hypothetical future risks are rclated to potential migralion of off-site 
contaminalion into Keyes Field should the Keyes Well be returned to service. The hypothetica l future risks can 
be addressed by preventing the insta llation of new wel ls and usc of the Keyes We ll until these off-site sources 
arc remediated or otherwise addressed. fn addition, ongoing groundwater moni toring programs associated with 
historic releases at Elm Street and Mill Street Areas (QU I ) and the Xtramart property will continue to be 
conducted to assess contaminant migration and concentration trends. 

Souhegan River 

Multiple investigations of (he Souhegan River adjacent and downstream oflhe Elm Streel Area have been 
conducted and a supplemental Baseline Human Health and Ecological Risk Assessments (BHHERA) (Battelle , 
2011) was prepared 10 incorporate all available data and update the risk assessment 10 human hcalth and the 
environment associated with the Fletcher 's Paint Superfund Site. 

The supplemental BHHERA concluded that there is unacceptable ri sk to human and ecologica l receptors from 
exposure to PCBs in Souhegan Ri ver sediments adjacent to the Elm Street Area and above the Goldman Dam. 
There is risk 10 human receptors from direct contact with sediments and fi sh ingestion, with fi sh ingestion risks 
being of particular concern . There is also some ri sk to benthic invertebrates from exposure to metals and 
pesticides in sediment. The observed risk is unacceptable in these areas relali ve to background Area C located 
upstream from the Elm Street Area. A PCB Hot Spot Area was identified in the Souhegan River adjacent to the 
Elm Street Area where there arc stati stically significant elevated concentrations of PCBs. Within the PCB Hot 
Spot Area there arc also elevated concentrations of PCBs in sub-surface sediments that could pose greater risk to 
human and ecological receptors if stann and flood events expose these deeper sediment layers. Consequently, 
the PCB Hot SPOI Area could provide a con tinuing source ofb ioavailable PCBs 10 the Souhegan Ri ver ifnot 
remedialed. 

A Focused Feasibility Study (FFS) is proposed to be conducted for the Souhcgan River study area to develop an 
appropriate range of remedial alternatives for detailed analysis to address unacceptable risks posed to human 
hea lth and Ihe environment due to contamination assoc iated with the Fletcher's Paint Superrund Site. 
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1.0 INTRODUCTION 

This abbreviated Remedial lnvestigalion (RI) Report was prepared for Operable Unit 2 (OU2) allhe Fletcher's 
Pa int Works and Storage Facility Superfund Site (Fletcher's Paint Superfund Site) along the Souhegan River in 
Milford, New Hampshire (Figure 1- 1). The RJ Report was prepared by Watermark Environmental Inc. 
(Watennark), with assistance from Tetra Tech Ee, Inc. (Tetra Tech), under contract W9 12WJ-05-D-0004 Task 
Order 05 to the United Stales Army Corps of Engineers (USACE), New England Distric t (CENAE). 

In accordance with the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
of 1980 and the Superfund Amendments and Reauthorization Act (SARA) of 1986, and under the authority of 
the United States Environmental Protection Agency (USEPA), an RI was previous ly conducted fo r Operable 
Unit I (OU I) at the Fletcher's Paint Superfund Site (Arthur D. Li nle [ADL], I994a). Prior to the USEPA 
separating the Fletchcr' s Paint Superfund Site into OU I and OU2 and as pan of that RI , a Prel iminary 
Ecological Assessment (ADL, I 994b) and an Ecologica l Risk Assessment (ADL, 1997) were conductcd on the 
Souhegan River. In addition, Gcncral Electric (GE) pcrformed supplemental investigations ofthc Souhcgan 
River and prcparcd a Supplcmenta l Invcstigation Data Summary Report (ARCADIS, 2007). GE also conducted 
a Supplemental Baseline Human Health and Ecological Risk Assessment (BHHERA) (Battelle, 20 1 I) was 
prepared for the Souhegan River study area of the Fletcher's Paint Superfund Site using data collcctcd 
subsequent to the RI to assess the current and future health risks to human and ecological rcceptors in the 
abscnee of any remedial actions. This abbreviated RI for OU2 builds upon the previous work conducted on the 
OU2 areas of the Fletchcr' s Paint Superfund Site in the 1990's and summarizes the additional investigations and 
information collected and analyzcd subsequcnt to thc RI for OU I . 

I. I Si te Background 

The Fletcher's Paint Superfund Site was officially listed on the National Priorities List (NPL) by [he US EPA on 
March 31, 1989, as a result of invcstigations relatcd to thc 1984 elosurc of thc Keyes Municipal Supply Well 
(Keyes Well). In 1984, volati le organic compounds (VOCs) werc detccted in the nearby Keyes Well by the 
New Hampshire Departmcnt of Environmental Services (NHDES - forme rly known as the New Hampshire 
Water Supply and Polluti on Control Commission). This triggered the removal of the Keyes Well from service 
and prompted a series of investigation and remediation activities to determine and address the contaminant 
sources. 

The Fletcher's Paint Superfund Site is located within a mixed-usc area of residentia l and commercial/industrial 
propen ies immediately west of the Town of Milford, New Hampshire (Figure 1-1). The Fletcher's Paint 
Superfund Site is situated in a densely populated residential and commercial area, located approximately one­
eighth of a mi le from the downtown Milford area. Approximately I 1,400 people living within three miles of the 
Fletcher' s Paint Superfund Site obtain their drinking water from public and pri vate wells; however, groundwater 
associated with the study area is not currently used as a dri nki ng water source (USEPA, 2007a). 

The Fletcher's Paint Superfund Site was divided into two Operable Units to investigate apparent releases of 
hazardous substances 10 the environment. OUI consists of the Elm Streel Area, Mill SUCCI Area, and a drainage 
ditch/c ulvert system connecting these two areas (Figure I- I). It a lso includes a plume of groundwater 
contamination extend ing from the Mill Street Area through the Elm Street Area to the Souhegan River. A 
remedy was se lected fo r OU I in 1998 and amended in 200 I, 2009, and 20 10. The remedy fo r OU I includes the 
excavation and off-site treatment/disposal ofapproximately 28,000 cubic yards of PCB contaminated soi ls, 
containment of residual contamination, and long term monitoring of the contaminated groundwater. Documents 
re lated to Ihe OU I cleanup, including the Remedial Design arc avai lable on the internet at 
www.epa.gov/ne/superfund!siteslfletcher. 

OU2, which is the focus of this abbreviated RJ , is comprised of the Keyes Memorial Field and Keyes Memorial 
Pool (Keyes f ield) groundwater and the section of the Souhegan River located in the vicinity of the Elm Street 
Area. The Souhegan River is located north of the Elm Street Area and flows from west to cast, through the 
Town of Mi lford (Figure I-I). It eventually discharges into the Merrimack River, which is located about 12 
miles downstream of the Elm Street Area (ARCADIS, 2007). 
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The Souhegan River investigations have focused specifically on the area of tile river just upstream of tile Elm 
Street Area down to the Goldman Dam. The Goldman Dam, which is located approx imately one-half mile 
downstream from the Elm Street Area, is the first impoundment downstream of the Site. Just be low the 
Go ldman Dam is the McLane Dam, which is the last impoundment located between the Souhegan River and the 
Merrimack River (Figure 1-1). Additional investigations in the Souhegan River between the Goldman and 
McLane Dams were conducted in August 2011 as part of an ongoing Dam Removal and River Restoration 
Feasib il ity Study being perfonncd by the Town of Milford. 

Keyes Field is approximately 19 acres in size and is bordered by Elm Street to the south-southwest and the 
Souhegan River to the north and east. Keyes Field was originally a privately-owned fann but has been publiely 
owned since 1957 (first by a land Trust, then by the Milford School System, and finally by the Town of 
Milford). The Keyes Field area is currently the location of a munic ipal park which is comprised of the Keyes 
Memoria l Field complex and the Keyes Memorial Pool. Keyes Field includes baseball and softball diamonds, a 
soccer field , and other outdoor recreational courts, picnic, and play areas. A small structure housing the Keyes 
Wel l is located on-site on the northern end near the Souhegan River. While the Keyes Well was in operation, 
contamination in the groundwater resulting from the past activities at the Mi ll Street and Elm Street Areas was 
drawn north and west through the Keyes Field to the Keyes Well. Contaminants related to the Fletcher's Paint 
Superfund Site were found in the Keyes Well in 1984. With the removal of the Keyes Well from service in the 
1980s, groundwater flow from the Mill Street and Elm Street Areas is no longer toward the Keyes Well, but 
generally nonh from the Mill Street Area towards Elm Street, th en northwest towards Keyes Field, and finally 
north/northeast to the Souhegan River, ultimately discharging to the Souhegan River. 

1.2 Site History 

This section prov ides a summary of the history of the Fletcher's Paint Superfun d Site. Additional detai ls 
regarding the history and uses of the property and Fletcher' s Paint operations arc avai lable in the Administrative 
Record. The Administrati ve Record is located at the USEPA Record Cemer in Boston, Massachusetts and at the 
Wadleigh Memorial Library in Mi lford , New Hampshire. 

Fletcher' s Paint manufactured, stored, and sold paints and stains primari ly for res idential use from 1949 to 1991. 
Annual production was 25,000 to 35,000 gallons of both water-based paints and solvent-based oil paints. 
Manufacturing occurred at the Elm Street Area, and a wood-frame building in the Mi ll Street Area was used for 
storage of bulk paint pigments. 

Land use at the Elm Street Area prior to 1949 included agricultural fanning in the 1800s (as part of the Crosby 
Fann), hide storage fo r the nearby tannery, a tum of the century blacksmith and carriage painting business, an 
armory ( 19 13 to 1926), the town burning dump (1929 to 1947), and an automotive dealership ( 1920 to 1949). 
Fletcher' s Paint Works operated from approximately 1948 until 1991. During the Fletcher' s Paint operations, 
hundreds of drums of hazardous substances were stored outside at both the Elm Street and Mi ll Street Areas. 
Although PCBs were not extensivel y used in the paint operations, "scrap pyranol", which contained various 
mixtures of PCBs, trichlo robenzene, and trichloroethylene, was used and resold for other non-paint related 
purposes such as a dust suppressant, heating oil, and as a compound for the roofing eemem industry. The 
Fletcher's Paint Works also used the scrap pyranol to suppress the dust at the Elm Street faci lity. These 
ac tivities resulted in ubiquitous surface soil contamination, and well as contamination of sub-surface soil and 
groundwa ter from infiltration and contamination ofSouhegan Rivcr sedirnems via runoff and groundwater 
discharge. 

f rom 1960 to 1984, groundwater was the sale sou rce of drinking water for thc town of Milford. An cstimatcd 
80 percent of Mil ford ' s popu lation relied upon the municipa l supply system for drinking water, while the 
remainder relied on private wells. The Town's munic ipal supply wells were finished in the overburden aquifer. 
The Keyes Well is located approximately 800 feet to the northwest of the Elm Street Area of the Fletcher's Paint 
property. It is 18 inches in diameter, approximately 60 feet deep, and screened in gravel. Other nearby 
munic ipal supply wells operating at that time were the Kokko We ll (1.0 mile to the southwest) and the two 
Curtiss Wells (1.2 miles to the cast). Similar to the Keyes We ll , and during the same time period, the Savage 
We ll (1.8 miles to the west) was also removed from service following di scovery of contaminalion. 
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In 1984, VOCs were detected in the Keyes Well by the New Hampshi re Department of Environmental Services 
(NHDES - formerly known as the Ncw Hampshire Water Supply and Po llution Control Commission). This 
discovery triggered the removal of the Keyes Well from service and promptcd a series of investigation and 
remediation activities to determine and address the contaminant sources. The Fletcher's Pa int properties and 
nearby gasoline stations were determined to be the most likely sources of the contamination at the Keyes Well 
during the Preliminary Site Investigations conductcd at thc Flctcher's Paint Superfund Sitc and othcr ncarby 
properties throughout the mid 1980's. 

From May to October 1988, USEPA conducted removal activities at both the Elm Street and Mill Street Areas. 
At the Elm Street Area, the main activities performed by USEPA were the staging, sampl ing, analysis, and 
disposa l of863 drums of hazardous substances and the covering ofcontaminated soils in the parking lot with 
geotexti le fab ric and fi ll . The Mill Street Area soils were also temporarily covered with geotexti le fabric and 
fi ll. As a result of the contamination found at the Fletcher's Pa int Superfund Site and the impact to the Keyes 
We ll , the Fletcher' s Paint Superfund Site was proposed for inclusion on the NPL on June 24 , 1988 and finalized 
on March 31, 1989. 

Additional removal actions occurred at the Fletcher's Paint Superfu nd Site from 1991 to 1997 and ineluded the 
installation of a fence at the Elm Street Area in 1991, the demo li tion of the Mill Street shed in 1993, and the 
cleanup of polychlorinated biphenyl (PCB) contaminated soils from resident ial properties ncar the Mill Street 
Area in 1995. In December 2000, USEPA demolished and disposed of the unoccupied, former Fletcher's Paint 
Works Elm Street building as part of the cleanup remedy for OU I . 

Sp ill s, leaks, manu facturing operations, and dust suppression activi ties led to the current contamination of the 
soils at the Mill Street and Elm Street Arcas of the Fletcher's Pa int Superfund Site. PCBs, the pri mary 
contaminant at the Fletcher's Paint Superfund Site, were brought to the Fletcher' s Pa int Supcrfund Site from 
approximately 1948 unti l 1967 from the General Electric faci lities in Hudson Fall s and Fort Edward, New York 
in a material called scrap pyranol. This scrap pyranol was a waste liquid, which could contain PCBs, 
trichloroethylene, and trichlorobcnzene, as well as small amounts of other waste compounds. A small amount 
of waste PCB material also came from the Sprague Electric Company and Aerovox Company. 

In Apri l of 1996, a Remedial lnvestigationiFeasibility Study (RIfFS) was completed for OU I. This study and 
other supp lemental studies have revealed that soils, sediments, surface water, and groundwater are contaminated 
with VOCs, semi-volalile organic compounds (SVOCs), metals, PCBs, and pestic ides as a result ofactivities 
that occurred at the Fletcher' s Paint properties. In addition, the RI studies showed that surface water and 
sediment in the Souhegan River was contaminated and certain fi sh and biota within the river were potentially 
impacted as a result of the contamination. PCB, VOC, SVOC, and heavy metal contamination from the Elm 
Street and Mi ll Street Areas has migrated to the river via former Fletcher' s Pa int manufacturing activities, 
improper storage of drums, and runoff from the Elm Street Area, as well as surface water runoff from Mill 
Street through the drainage ditch/culvert system (Figure I-I ). Additional details regarding the characterization 
of the contamination at the Fletcher's Paint Superfund Site can be found in the 1994 RI (ADL, 1994a), 1998 
ROD (USEPA, 1998), 2009 ROD Amendment (USEPA, 2009a), 2009 Pre-Design Investigation Report (BBL, 
2009), and the Administrative Record. 

USEPA separated the Keyes Field and Souhegan River (now OU2) from the OU I activities to allow OU I to 
proceed while allowing additional invcstigations to continue in OU2. The separation of operable units was 
warranted after the 1994 RI revealed that additional studies were necessary to characterize the extent of PCB 
contamination within the Souhegan River and after significant petroleum product from a nearby gasoline station 
migrated into the Keyes Field groundwater. As a result, additional studies of the Souhegan Rivcr wcre 
conducted in 2004, 2006, and 2007 to determine the extent of PCB contamination in the sediment and biota 
within the Souhegan River adjacent to the Elm Street Area extending downstream to the Goldman Dam. In 
addition, groundwater monitoring was conducted by USEPA in 2007 and 2009 to assess the groundwater qual ity 
in the Keyes Field area fo llowing a State mandated cleanup of the source of the nearby petroleum 
contamination. These latest investigations are the subject of thi s RI and related ri sk assessmcnts for OU2. 
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1.3 Report Objectivcs 

The ovcra ll objective of this abbreviated RJ Report for OU2 is to present a summary of the various 
investigations conductcd at the Fletcher's Paint Superfund Site as part of OU2 within the Keyes Field 
groundwa ter and Souhegan River, and to document the nature and extent of contamination within the OU2 study 
area. 

For Keyes Fie ld, historic groundwater data are summarized and a base line Human Health Risk Assessment 
(HHRA) is presented in th is report for human health exposures related to Keyes Field groundwater. This OU2 
RI Report also summarizes the risk assessment conducted on the Souhegan River for human and ecologica l 
reccptors (Battelle, 201 1). 

1.4 Report Organization 


This document is organ ized in the following sections: 


Scction 1.0 - Introducti on. This section presents the location ofOU I and OU2 features , and study objectives 

forOU I. 


Section 2.0 - Site Characteri stics. This section provides a summary of the ecological setting, local hydrology, 

and descrihcs the natural and cultural resources located in the vic inity of the Fletcher's Paint Superfund Site. 


Section 3.0 - Summary of Keyes Field Groundwater Investigations. This section presents a summary of 

groundwatcr investigations conducted at and upgradient of Keyes Field and data collcction cfforts associated 

with the Souhegan River. 


Section 4.0 - Keyes Field Groundwater Baseline Human Health Risk Assessment. Th is section presents the 

bascl ine HHRA for Keyes Field groundwater. 


Section 5.0 - Summary of Souhegan River Investigations. Tllis section presents a summary of data collection 

efforts associated with the Souhegan River. 


Section 6.0 Summary ofSouhegan River Ri sk Assessments. Thi s sec tion provides a summary of the 

supplemental BHHERA (Battelle, 201 1). 


Section 7.0 - Summary and Conclusions. This section provides a summary of investigations, risk 

assessments, and presents the conclusions of the abbreviated RJ. 


Section 8.0 - References. This section presents a bibliography of references. 
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2.0 SITE CHARACTERISTI CS 

This section presents a summary of the ecological setting, loca l hydrology, and describes the natural and cultural 
resources based on the OU I RI Report (ADL, I 994a) and BHHERA (Battelle, 20 10). Additiona l details can be 
fou nd in the referenced documents. 

2.1 Ecological Setting 

Upstream of the Elm Street Area, beyond Keyes Field, the Souhegan River corridor is mostly wooded and 
includes some high qua li ty riverine and riparian habitat. The river varies from approximmcly 60 to 100 feet 
wide with a max imum depth of eight (8) feet. The substrate consists of mainly dean, course sands and gravel, 
with some organic sediment. The gradual grade of the river in this area results in a relatively slow flow rate. 
Sparse emergent and subrnergent vegetation is located in areas where the river bends or where logjams and 
sandbars create quiet pockets of water. The habitat in this portion of the ri ver is considered moderate-to-high 
quality for wildl ife (ADL, 1997). Trees and shrubs overhanging the river stabilize the bank and provide shadc, 
cover, and feeding habitat for a variety of wildlife. The river provides adequate habitat for many bird species 
due to the diversity of habitat types, abundancc of food, and lack of human di sturbance. It is estimated that this 
river corridor supports 72 species and 63 genera of amphibians, repti les, fish, birds, and mammals (ADL, 1997). 

The reach of the Souhegan River adjacent to the Elm Street Area has phys ical characteristics (including width, 
flow rate, and substrate composition) that are simi lar to the upstream area; however, it is more developed and 
therefore has lower habitat qua lity for wildlife . The slope of the riverbank has been altered by anthropogenic 
in fluence in some areas, reducing the extent of shrub and herbaceous cover, and enhanc ing soi l erosion into the 
river. A deeper section of the river, known as the swimming holc/rope swing area, is located directly across the 
river from the Elm Street Area and accessed from the river bank near the Boys and Girls Club property. The 
swimming hole, rope swing, and nearby sand bar is used by loca l youth for recreational activities. A large 
sandbar in the middle of the river deflects water flow toward the northern bank, resulting in relatively calm 
water and abundant aquacic vegetation in the backwater habitat, adjacent to the Elm Street Area. This area is 
also charac terized by coarse and fine grain sediment accumulation and shallow water depths. The narrow width 
of the vegetated corridor and the higher degree of anthropogenic influence diminishes the overall habitat val ue 
of this arca (ADL. 1997). 

The Goldman and McLane Dams are located on the Souhegan River approximately 2,500 and 5,000 feet 
downstream of the Elm Street Area , respectively (Figure I-I ). The Goldman Dam was ori ginally constructed in 
1810, and the McLane Dam in 1846. Prior to the introduction ofclectric motors, the McLane Dam was utilized 
in the manufacture offumiture at the McLane Mill and the Goldman Dam played a key role with the Milford 
Colton and Woolen Mi ll. The dams have known structura l deficiencies, associated safety and liability issues, 
and are not currently utilized for any defined purpose nor will they be fo r the foreseeable future (Town of 
Milford, 20 I 0). The dams are under consideration for removal by the NHDES and the United States Fish and 
Wi ldli fe Service (USFWS) to alleviate flooding, improve water quality within the impoundments, and eliminate 
barriers for movement of migratory and resident fish. The Merrimack Vil lage Dam, located 18 kilometers 
downstream, was removed in late summer 2008 by the National Oceanic and Atmospheric Administration's 
(NOAA) Open River's Initiative. Its removal supports efforts to provide access for migratory fish along the 
entire Souhegan River. A State fish hatchery is located upstream of the Elm Street Area on the Souhegan River 
and annually releases stocks of Atlantic salmon fingerlings and smolts. These fi sh pass the Elm Street Area en 
route to the Merrimack River and, ultimately, the Atlantic Ocean. 

Studies arc ongoing to assess the feasibility of the removal of the Goldman and McLane Dams including 
sediment sampling between the Goldman and McLane Dams. The objectives of this sampling effort are to 
obtain sediment samples for analysis of chemical and physical parameters. The sediment samples will be 
submitted for laboratory ana lysis to identify potential contaminants ofconcern. Results will bc used to evaluatc 
risks to environmental resources and human health as part of the dam removal feasibil ity study. Secondary 
objecti ves are to determine physical properties of the sediment for use in the sediment lranspOri analysis (Gomez 
and Sullivan, 20 11). 
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2.2 Loca l Hydrology 

Portions of both the Keyes Field and the Elm Street Areas arc located within the laO-year flood plain of the 
Souhegan River (Figures 2-13 and 2-1b). The flow gradient of the ri ver is relatively low due to minor 
topographical changes, with mean rivcr elevations ranging from 230 feet to 240 fee t above mean sea level. The 
river receives groundwater and surface water runoff from the Elm Street Area from direct overland flow and 
through a catch basin located along Keyes Drive, which discharges through an outfall into the river (ARCADIS, 
2007). A stonn water drainage ditch and culvert system is present under the cas t side of the Elm Street Area 
which dra ins runoff from the Mill Street pond area and beyond into the Souhegan River. 

During the operational period of the fonner Fletcher's Paint Works, in addition to the storm water drainage 
culvert mentioned above, several outfalls carried runoff from an underground storage tank (UST) and bui lding 
roof drains to the Souhegan River. Due to flooding during heavy prec ipitation events (likely caused by 
blockages in the portions of the culvert system ncar the Elm Street Area), the Town of Milford installed 
additional storm drain piping to direct overflow to a nearby alternate discharge location (ARCADIS, 2007). 

The Fletcher's Pa int Superfund Site is situated along the southeastern extent of the Milford-Souhegan Aquifer 
system. This glacial aqui fe r is approximately three mi les long, extends from the town of East Wilton to Milford 
Town Center and has an approximate width of one-half mi le. As stated in the OU I RI Report (ADL, 1994a), 
the saturated thickness of this aquifer is approximately 60 feet and its transmissivity ranges between 4,000 and 
more than 8,000 square feet per day. The Milford-Souhegan Aquifer discharges to the Souhegan River in the 
Fletcher' s Paint Superfund Si te vicinity and receives recharge from prec ipitation (ARCADIS, 2008). The base 
of the Milford-Souhcgan Aqui fer is locally defined by a discontinuous veneer of elayey si lt with gravel (lower 
glac ial till ) that ranges in thickness from zero to four (4) feet. At locations where the lower glacial ti ll is 
discontinuous, such as the eastern half of the Elm Street Area, direct hydraulic communication exists between 
the bedrock and overburden aquifers (USEPA, 1998). 

Groundwater at the Fletcher' s Paint Superfund Site is present in both the unconfined overburden aquifer and in 
bedroc k. The OU I RI Report (ADL, 1994a) presented a significant amount of information describing the local 
hydrogeology, a summary or which is provided below. 

Depth to groundwater across the Flctcher's Paint Superfund Site varies from approx imately four (4) feet below 
grade at tbe Mill Street Area, 20 feet at the Elm Street Area, and 12 fee t at Keyes Field. The saturated thiekncss 
also varies from approx imately 10 feet beneath the Mi ll Street Area, 20 feet beneath the Elm Street Area to 55 
feet beneath Keyes Field. 

Overburden groundwater flow at the Mi ll Street Area genera lly has a northward componcnt. The horizontal 
component of the hydraulic gradient bctwecn the Mill Street Area and the Elm Street Area is northward 
(approximately 0.01 fee t per foot) , and the available data indicate that the Souhegan River is the regional 
groundwa ler discharge location (ARCADIS, 2008) . The gradient is divergent at the Mill Street Area. Thc 
gradient in the western portion of the Mill Street Area is generally west to northwestward, toward the drainage 
ditch/c ulvert system that traverses in a northerly direction from the Mi ll Street Pond to the Souhegan River. The 
gradient in the eastern portion of the Mil l Street Area is generally toward the north or northeast. Under current, 
non-pumping conditions of the Keyes Well , Keyes Field is located hydraulically upgradient afOU l and 
downgradient of the Xlramart gasoline station located on Elm Street (USGS, 1996). 

The vertical flow component bctween the overburden and bedrock varies with d istance southward from the 
Souhegan River. Near the Souhegan River at the Elm Street Area, groundwater flows upward from the bedrock 
to the overburden, consistent with groundwater discharge at the Souhegan River. Near the Mill Street Area, 
groundwa ter flows downward from thc overburden to the bedrock, consistcnt with groundwater recharge 
(ARCA DI S, 2008). 

In-siLu hydraulic conducLivity daLa (based on rising head "slug" LCsts) were obLained for both overburden and 
bedroc k units at the Fletcher's Paint Superfund Site during the au RI. The glac ial outwash sand unit exhibited 
hydraul ic conduc[ivity va lues ranging between 2.9 x \0.3 centimeters pcr second (em/sec) and 9.2 x 10.3 em/sec. 
Rising head test results from the upper ti ll unit and, in some cases, the lower till unit ranges between 3.4 x 10.4 
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cm/sec and 2.3 x 10.3 cm/sec. However, no monitoring wells related the Fletc her' s Pa int Superfund Site have 
been installed exelus ively in the thin lower till unit. Based on its density and finer-grained composition , the 
lower till is expected to be less penneable than the upper ti ll . Lastly, the hydraulic conduct ivity fo r the bedrock 
unit, measured at two locations during the OU I RI, was 1.13 x 10.3 cm/sec to 2.19 x 10-4 cm/sec. 

During 1960 to 1984, the Keyes Wel l was source of municipal water for the town of Mi lfo rd. The U.S. 
Geological Survey (USGS) , in cooperation with the USEPA, conducted a study from October 1988 to June 1990 
of the Milford-Souhegan aquifer to detennine the regional groundwater flow system and prov ide estimates of 
the contributing rec harge areas to the Keyes Well (USGS, 1996). Figure 2-2 presents the watertable surface 
and groundwater flow direction when the Keyes Well is not operating (non-pumping conditions) and after 720 
minutes of pumping at the Keyes Well (pumping conditions) (USGS, 1996). The watertable surface at the 
Keyes Well and surrounding area, before pumping, reflects the infl uence of the river as the major sink in the 
groundwa ter flow system (inset A on Figure 2-2). The direction of groundwater flow fo r the lower part of the 
aquifer (corresponding to the screened zone of the Keyes Well [approximately 50-60 fee t below ground 
surfaceD a t the Keyes Well after 720 minutes of pumping is shown in inset B on Figure 2-2. The groundwater 
flow direction was altered by pumping so that head gradients were increased to the southwest and reversed to 
the southeast of Keyes Well . A head gradient is induced across the Souhegan River from the Keyes Well, in the 
lower part of the aqui fe r, by pumping at the Keyes Well (USGS, 1996). 

2.3 Natural and Cultural Resources 

Thc Elm Street Area is bounded 10 the south by Elm Street, to the north by thc Souhcgan River, to the west by 
Keyes Field, and to the cast by a cemetery (Figu re I- I). Keyes Field is approximately 19 acres in size and is 
located on Elm Street, abuuing the Souhegan River. Keyes Field has one access road, Keyes Drive, which is 
located just west of the Elm Street Area. Facilities inelude a swimming pool, wading pool , a chil dren 's 
playground and swings, a baseball diamond, two softball diamonds, a soccer field , a skate park , open space for 
walks and play, a picnic a rea with grills, a pavilion with tables, a basketball court, and a street hockey court 
(Town of Milford website, 2007). A foo tbridge is located adjacent to the tennis courts and provides access from 
Keyes Field to the opposite side of the river, where the local Boys and Girls Cl ub is situated. 

The Souhegan River runs adjacent to the Elm Street Area and Keyes Field, and is a pathway that connects 
eOl1llnuni(ies, prov ides year round recreation to swim, fi sh, paddle, walk along, and enjoy scenic views. The 
Souhegan River is seen as a community asset in all of the towns, ineluding Milford, through which it flows. The 
Souhegan Watershed Association has been actively involved in water quality monitoring, education, and 
outreach and rec reation events. The Souhegan River is covered by the NHDES Rivers Management and 
Protection Act and the NHDES Comprehensive Shoreland Protection Act. There is no doubt tha t the Souhegan 
River is viewed as both a signi ficant community and State asset that deserves a high priori ty for protection by 
both the local communities and NHDES (Nashua Regional Planning Commission, 2006) 

A site visit conducted on May 19, 1994 noted people util izing the sandbar in the ri ver fo r sunbath ing and 
determined that the ri ver was easily accessed from both Kcyes Field and the cemetery (NH Office ofHcalth 
Management, 1997). In 1997, a rope swing was installed across the river from the Fletcher' s Paint Building and 
a visible path in the riverbed suggcsts a frequently used connection bctwcen Keycs Field, the sandbar, and the 
swing (Figure I- I). 

The Souhegan River is considered "priority" Atlantic salmon nursery habitat. Some wild popul ations of 
Atlantic salmon in New England are listed as federally endangered. However, stocked populations, such as the 
local Merrimack population and fish in the Souhcgan River, are not. Several northeast rivers are stocked 
annually by the State of New Hampshire from two fish hatchcrics that arc located along thc ri ver, Souhegan 
Valley Aquaculture and the Mil ford State Fish Hatchcry. Thc stocked salmon use the Souhegan Ri ver primarily 
as a nursery fo r fry , parr, and smolt as wcll as spawning habitat for gri lse. Thc young salmon feed on aquatic 
invcrtcbrates in the watcr column and associatcd with the bcnthos, and, aftcr spending up to two years in the 
freshwater habitat of the Souhegan and Mcrrimack rivcrs, thcy migrate to the Atlantic Ocean where they maturc. 
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A key concern of the ecological risk assessment is that these fish , in their earliest and most sensitive life stages , 
cou ld be exposed to PCB-contaminated sediments and prey during their journey to the ocean. Salmon fry are 
not stocked in the inUllediate vicinity of the Elm Street Area; ho wever, approx imately 4,000 fry may be released 
annual ly below the McLane Dam in Milfordjust downstream from the Goldman Dam, approx imately 0.7 stream 
miles from the Elm Street Area. Up to another 90,000 fry may be stocked annually upsneam from the Elm 
Street Area, with the elosest upstream stocking point being ncar Riverway East, approximately 1.25 stream 
mi les from the Elm Street Area. These fish will pass through the portion of the Souhegan River affected by 
Fletcher' s Paint Superfund Site activities during their seaward. Another fish spec ies that is stocked closer to the 
Elm Street Area is Atlantic shad (Alosa sapidissima), and up to 400 adult shad have been stocked just upstream 
from the Elm Street Area along the river where the baseball field is loealed. 

The Souhegan River ncar the Elm Street Area is not now accessible to wild runs of anadromous fi sh species 
returning to the river to spawn because of two nearby dams (Go ldman and McLane) downstream from the Elm 
Street Area thai prevent the fi sh from traveling upstream. Although migralory fi sh may be exposed to PCB­
laden sediments when they out-migrate through the site-affected area, they should not bc exposed to the same 
conditions upon return migration to the Souhegan due to a lack offish passage al the McLane Dam. Currently, 
therc is no data to support that there is PCB contamination be low the McLane Dam, but this shou ld be 
considered an uncertainty and data gap. However, as discussed in Section 2.1 , both the Goldman Dam and 
McLane Dam are be ing considered for removal by NHD ES and USFWS. Removal of the dams cou ld cause 
potentia l future exposures of contaminants to adult salmon returning to thi s reach of the river to spawn. A 
Feas ibil ity Study is being conducted to assess the feasibility of the removal of the two dams and should be 
ava ilable in laiC 201 1. 

Currently, the State of New Hampshire has freshwater fishi ng advisories for mercury in several streams, brooks, 
rivers, ponds, and lakes. No advisory exists for fi sh consumption (other than for mercury) in the vicinity of the 
Fletcher' s Paint Superfund Site. However, in 1997, a Health Consultation was prepared by the New Hampshire 
Office of Health Management under a cooperati ve agreement with the Agency for Tox ic Substances and 
Disease Registry (ATSDR) (New Hampshire Office of Hea lth Management, 1997). The purpose of the Health 
Consultation was to evaluate the contaminant levels in fish caught in the Souhegan River near the Elm Street 
Area and to provide recommendations on how to minimize human heahh risks. Twemy fish wcre sampled in 
1995 for various compounds, including pesticides and PCBs. A ll fi sh contained levels of the pesticide 
dichlorodiphenyldichloroethylene (DOE) and PCBs (represented by Aroc lors). The consultation made several 
rceommcndal ions, including reduc ing exposure to contaminants in thc ri ver ncar the Elm Street Area by limiting 
the consumption of fi sh caught in the area and by avoiding contac t with soil and sedi ment in the area (NH OffLce 
of Hea lth Management, 1997). Signs posted on the fence near the riverbank and the upstream and downstream 
property boundaries of the Elm Street Area indicate that hazardous materia ls are present. Howcver, there is no 
ban against fi shing or swimming, and it is likely that recreational activities continue to occur due to the 
accessibil ity of the ri ver and proximity to many town and private recreational areas. 
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3,0 SUMMARY OF ~'1VESTlGATlONS 

Numerous environmental investigations have been conducted at the Fletcher's Paint Superfund Si te and the 
surrounding areas over the past 25 years. The following sections present a summary of the previous 
investigations and significant results for the groundwater at and upgradienl of Keyes Field, and data collection 
efforls associated with the Souhegan River. 

Summary of Keyes Field Groundwater Investigations 

Groundwater investigations in the vic inity of Keyes Field were initiated as a result of the 1984 closure of the 
Keyes We ll. The Keyes Well , located approximately 800 feel northwest ohhe Elm Street Area, operated from 
1972'01984, 

The approx imate locations of on-site and upgradient monitoring wells associated with Keyes Field arc shown on 
Figure 3-1. On-site wells characterize groundwater currently associatcd wilh Keycs Field (including the former 
Keyes We ll) and upgradient wells characterize groundwater that may be associated with Kcyes Field in the 
future should its production bc resumcd to meet the potential futurc waler needs at Keyes Field or of thc 
surrounding community. 

The on-s ite well group is limited to monitoring wells within the Keyes Field property and those wells just across 
' he river (KWOID, KWO IS, OW2, OW2?, Keyes We ll , MW·OSA, MW·OSBR, MW·06A, and MW·06B), 
MW-06C, a bedrock monitoring wcll co-located with MW-06A and MW-06B, is not included in the on-site well 
group because it is not representative ofthe ove rburden aquifer connected with the Keyes Well Field. The 
monitoring wells just across the river were ineluded because the USGS pump tests determined that during 
pumping conditions, groundwater is drawn from this area toward the well (USGS, 1996). The u pgradient 
monitoring well locations included those nearby monitori ng we ll s which are just off the Keyes Field property 
and hydraul ical ly upgradient, but which under future potential pumping conditions (of the Keyes We ll or any 
newly installed well), wou ld rcpresent areas groundwater will likely migrate from and into the Keyes Field. As 
indicated in Section 2.2 , under pumping conditions, it is possible that contaminated groundwater associated with 
OUI would be drawn beneath Keyes Field (USGS, 1996). 

Monitoring well MW-25B, which was used as a background well for OUI , is located approximately 400 feet 
south of the Mill Street Area (Figure 3-1 ) and is also used to represent background cond itions for OU2. 

Available well completion details and current condition of the on-site and upgradienl wells arc presented in 
Table 3-1 . These well s were insta ll ed during multiple investiga tions conducted over a few decades. 

Groundwater investigations and significant results pertaining to Keyes Field arc summarized in the fo llowing 
sections. 

3.1. 1 aUllnvestigations 

Groundwater investigations were conducted as part of the OUI R1 during Phases fA and IB and arc presented in 
detail in the OU I RI (ADL, I 994a). The primary focus of the QUI groundwater investigations was to determine 
the nature and extent of coma min at ion resulting from historic acti vities conducted at the Elm Street and Mill 
Street Areas associated with the storage ofscrap pyranol, which could contain PCBs, trichloroethylene, and 
triehlorobcnzene , as we ll as small amounts of other waste compounds. 

The OU I RI identified impacts to groundwater from constituents detec ted in soil at the Elm and Mi ll Street 
Areas. Based on the results of the RI, the ROD (USEPA, 1998), Amended ROD (USEPA, 2009a), and second 
Exp lanation of Significant Differences (ESD) (USE PA, 20 I Oe), Interim Cleanup Levels (ICLs) were established 
for certain constituents in OU I groundwater. The constituents and ICLs app licable to OU I groundwater 
include: benzene (5.0 ~lg/L); I ,2-dichloroethane (5.0 f.lglL); triehloroethene (5.0 ~lglL) ; ethylbemene (700 
IlglL); toluene ( 1,000 Ilgl L); I ,2,4-trichlorobenzene (70 1lg!L); total PCBs (0.5 JlgfL); arsenic (10 IlglL); and 
manganese (300 IlgIL). 
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In addition, groundwater investigations in Keyes Field were conducted as part of the OUI RI to detennine the 
nature and extent of contamination that may have mi grated beneath Keyes Field under pumping conditions prior 
to the Keyes Well being shut down. Groundwater samples were co llected from the on-site wells at Keyes Field 
and 15 small diameter well s installed as part of a field screeni ng program to assess the source of contamination 
detected in the Keyes Well. Analytical parameters ineluded YQCs, SYOCs, PCBs, pestic ides, and inorganics. 
Significant rcsults are summarized below. 

Elevated concentrations ofYOCs (primaril y benzcne, tolucne, cthylbenzenc, and xylene [BTEXl) wcre detectcd 
in several of the Keyes Field wells. Benzene was detected at concentrations of 1,200, 280, and 33 ).1g1L in wells 
KWO I S, OW2P, and KWO I D, respectively. Several VOCs were also detected in the small d iameter wells 
installed as part of the field screening program. The highest concentrations of VOCs were detected along the 
southern edge of Keyes Field on the northern side of Elm Street across from the Xtramart gasoline station. The 
highest observed benzene concentrations were found at the water table and the maximum benzene concentration 
was 19,900 IlgIL. 

The OU I RI concluded that the YOC contamination observed in groundwater beneath Keyes Field was asswned 
to have been transported from an off-site location and not associated wi th historic releases from the Mill Street 
or Elm Srreet Areas. At that time, the YOC contamination observed in groundwater appeared to have originated 
from a source ncar the intersection of Elm and West Streets and migrated through the groundwater in a 
northeasterly direction across Keyes Field toward the Souhegan River. 

Further investigations with in Keyes Field were di scontinued under OU I and the source of the petroleum 
(primari ly BTEX) contamination beneath and upgradient of Keyes Field was addressed under NHDES 
regulations. In add ition, there are documented hi storic releases from the Mobil and fonner Gulf gasoline 
stat ions located on Elm Street. These relcases arc also being addressed under NHDES regulations. 

3.1.2 X/raman Investigations 

The Xtramart loeatcd at 78 Elm Street (Figure 1-1) has operated as a gasoline stat ion since 1956 when the 
propcrty was owned by thc Atlantic Richficld Company. Thc Xtramart propcrty is currcntly opcratcd as an 
Xtramart convenience store and retail gasoline station (CEA, 2010). 

The property has been addressed under NHDES regulations (Site No. 199404027) since 1994. Numerous 
subsurfacc investigations, groundwater monitoring events, and field observations have been completed to 
determine the extent of contamination in soil and groundwater. 

In January 1994, the NHDES received infonnation from the USEPA stating that a groundwater sample obtained 
from a potable drink ing water well down gradient of the Xtramart contained constituents of petroleum 
hydrocarbons. Between 1996 and 1998, monitoring wells XM MW-I through XM MW-I I were installed as 
part of a subsurface investigation. These and subsequent monitoring we lls installed during the Xtramart 
investigations arc illusnated on Figure 3-4, but without the "XM" prefix, as tha t designation was not part of the 
orig ina l well identifier. Subsequent analyses were conducted on groundwater samples and petroleum 
hydrocarbons were detected at concentrations above the Ambient Groundwater Qual ity Standards (AGQS). 
Approx imately one foot ofl ight non-aqueous phase liquid (LNAPL) was measured in one of the monitoring 
well s with lesser amounts measured in two other monitori ng wells. 

A Revised Remedial Action Plan (RAP) Addendum was submitted to the NHDES in 1998 to address LNAPL. 
As part of the RAP Addendum, one recovery well (RW-I) was instal led to conduct a pumping test. Based upon 
the pumping test, LNAPL volume did not increase as the groundwater table decreased. Therefore, periodic 
bai ling was proposed and approved by the NHDES. 

On September 17, 1999, Groundwater Management Pennit (GMP) No. I 99404027-M-OO I was issued for the 
property. Moniloring well XM MW-12 was installed on July 31, 200 1 and LNAPL was observed in early July 
2002. 
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On November 1, 200 I, a Revised RAP Addendum was completed for a more aggress ive approach to address 
LNAPL. In-situ bioremediation was recommended, but not approved by the NHDES. NHDES suggested 
eva luati ng dual-phase product recovery. 

On February 13, 2002, the NHDES revised the GrvtP and requ ired rri-annual groundwater sampling of 10 
monitoring wells. The GMP also required LNAPL gauging and recovery from multiple monitoring wells until 
product recovery pilot testing was completed. 

On June 11,2002, a Work Scope/Cost Estimate - LNAPL Pilot Study was submitted. On July 19,2002, one 
recovery we ll and one soil vapor extraction (SVE) well were installed fo r the pilot test. However, due to the 
decrease in the LNAPL thickness, the dual-phase pilot test was postponed. 

As part of the 2002 Annua l Summary Report, the installation of up to two additional monitoring wells to 
del ineate the contamination plume was proposed. On June 18,2003, monitoring well XM MW-13 was installed 
downgradient of the Xtramart at Keyes Field to complete a Groundwater Management Zone (GMZ) delineation 
for the Xtramart release. 

On March 7, 2005, a Remediation System Evaluation was completed that proposed the installation ofa SVE 
well and an air sparge (AS) well and completion ofa pilot test at the Xtramart property. The SVE/AS pilot test 
was conducted in 2006 and based on the outcome the SVE/AS system was installed. On May 10, 2007, 
operation of the remedial system was initiated. 

The remedia l system was operated on the Xtramart property nearly full time from May 10, 2007 unti l June 16, 
2009 when at the request of the NHDES the treatment system was cyc led off and on at one (I) month intervals 
until August 2009. In August 2009, at the request of the NHDES, the treatment system was put on a new 
operating schedule of three (3) months off and one ( I) month on. This schedu le conti nued until the summer of 
20 I 0 when the remedial s.ystem was. expanded (CEA, 20 I 0). 

In September 20 I 0, the remedial system was extended to cover the northern side of Elm Street. A total of four 
(4) new 2-inch SVE well s (SVE-8 through SVE-I I), two (2) new 1- inch AS wells (AS-8 and AS-9), and one 
(I) new 2-inch monitoring well (XM MW-14) were installed in the town right-of-way in front of83 and 77 Elm 
Street. The site plan of the Xtramart property is presented in Figure 3-2. On September 20, 20 10, the expanded 
system was activated. 

On March 18, 20 10, the NHDES issued Groundwater Management Permit (GMP) No. 199404027-M-003. The 
GMP fo r the Xtramart site requires that several monitoring we lls be gauged and sampled in Apri l and October 
each year (CEA, 2010). Figure 3-3 presents the GMZ associated with the Xtramart site. 

On October 19, 20 10, LNAPL was measured in soil vapor extraction points SV£-8, SVE-IO and SVE-II and 
monitoring wells XM MW-6 and XM MW-14 at thicknesses ranging from 0.07 fee t in soil vapor extraction 
point SVE-I 0 to 1.26 feet in soil vapor extraction point SVE-S. CEA completed manual LNAPL recovery with a 
bai ler and scheduled two (2) enhanced fluid recovery (EFR) events to recover the LNAPL from the soil vapor 
extraction points and monitoring wells. The first EFR event was completed on November 5, 20 I 0 and 113 
gallons of gasoline and groundwater were recovered. Groundwater monitoring of the Xtramart well network 
was routinely conducted starting in 1996. Water table contours for the October 20 I 0 monitoring event arc 
presented in Figure 3-4. Groundwater flows north from the Xtramart property to Keyes Field and then 
northeast across Keyes Field toward the Souhegan River. 

Available analytical results since 2007 for the Xtramart wells that are ineluded in the upgradient data set 
associated with Keyes Field arc presented in Appendix B. Figu re 3-5 presents the ioial BTEX concentration 
contours and identifies the estimated extent of LNAPL based on the October 20 10 monitoring event. Analytical 
resu lts from XM MW-IO, which is centrally located on the southern edge of Kcyes Field and upgradient of the 
Keyes Well, indicate that VOCs (benzene, and methy l tert-buty l ether (MTBE)) concentrations have declined 
significant ly since 1996 (CEA, 2009). The hi storic maximum observed concentrations of benzene and MTBE in 
XM MW- IO were 940.5 I-lg/L and 580 ,",gIL, respective ly. Benzene had not been detected in XM MW-IO since 
Apri l 2008 until October 2010 (3 .3 ,",giL) and MTBE has not been detected sinee November 2003. 
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3.1.3 Supplemental Groundwater Monitoring at Keyes Field 

Subsequelll to the completion of the au I R1 in 1994, supplemental groundwater monilOring has been conducted 
at Keyes Field by the GE and USEPA. 

A major component of the selected remedy for the au I groundwater required that a Groundwater Management 
Zone (GMZ) be established under the New Hampshire Comprehensive Groundwater Pol icy (USEPA, 20 10e). 
The GMZ sets boundaries within which groundwater will be monitored over time to ensure that the contaminant 
concentrations are decreas ing; to ensure that the remai ning contamination has not migrated beyond the 
estab lished boundaries or impacted the Souhegan River; and Iha l the remedial aelion cleanup is working and 
remaining effective over time. The au 1 GMZ is presented in Figure 3-6. 

In accordance with the 200 I USEPA Unilateral Administrati ve Order, as amended in 20 I 0, quarterly 
groundwa ter monitori ng has been conducted since 2007 by GE at more than 40 monitoring wells including the 
fo llowing wells associated with Keyes Field (ARCADIS, 20 11). 

• On-Site We lls: MW-OSA, MW-OSBR, MW-06A, MW-06B 

• Upgradient Wells: MW-IB8 

Quarterly groundwater monitoring activities arc documented in Watcr Monitoring Reports submittcd 
approximately 90 days fo llowing the completion of each quarterly monitoring event. Figure 3-7 presents the 
walcr table contours based on the January 2011 quartcrly monitoring event. Consistent with prior USGS studies 
(USGS, 1996), groundwater from the Mill Strect and Elm Street Areas discharges to the Souhegan River prior to 
reaching the Keyes Wel l under current non-pumping conditions ofthc Keyes Wel l. The concentration of each 
ICL constituent detected at each monitoring well during the January 20 I I sampl ing event is presented on Figure 
3-8 (ARCADIS, 201 1), with the exception ofarsenic , which was not analyzed during that sampling event. 

Since sampling began in 2007, VOCs have not been detected in the Keyes Field on-s ite well s monitored by GE. 
Available analytical results fo r the Keyes Field on-site well data set are presented in Appendix B. In addition, 
USEPA conducted supplemental groundwater monitoring events of Keyes Field wells in 2007 and 2009. 
Analytical results from these sampling events are presented in Appendix B. In Apri l 2007, the fo llowing wells 
were sampled: 

• On-Site We lls: OW2, OW2P, KW01D, KW0 1S, Keyes Well, MW-OSA, MW-06A, MW-06B 

• Upgradienl We lls: KW03D 

Signi ficant results from th is sampling event included the detection of MTBE at a concentration of49 )lgIL in 
KWO I D (50)lgIL in the duplicate sample). Benzene was not detected in any of the on-s ite wel ls. 

The October 2009 groundwater monitoring event conducted by USEPA included sampling of the on-site wcll 
Keyes Well and upgradient well KW03D. VOCs associated wit h Fletcher's Pai nt Superfund Site acti vities were 
not detected in either of these wells. Well KWO I D, which had MTBE detected at 49 IlgIL in 2007, was not 
sampled due to obstructions in the well. 
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4.0 KEYES FIELD GROUNDWATER BASELINE llUMAN KEALTK RISK ASSESSMENT 

This section presents the approach for and results of a Baseline HHRA perf0n11ed for the groundwater at Keycs 
Field for OU2 of (he Fletcher's Paint Works and Storage Fac ility. The HHRA was prepared in accordance with 
the Risk Assessment GUidance for Slipeiflind (RAGS) Vollime I, includ ing: 

• 	 Part A - Human Health Evaluation Manual (US EPA, 1989); 

• 	 Part B - Development of Risk·Based Preliminary Remediation Goals (USEPA, 199Ia); 

• 	 Part 0 - Standardized Planning, Reporting and Review of Superfund Ri sk Assessments (US EPA, 200 I); 

• 	 Part E - Supplemental Guidance for Dennal Risk Assessment (USEPA , 2004); and 

• 	 Part F - Supplemental Guidance for Inhalation Risk Assessment (USEPA, 2009b). 

In addition, tbe HHRA appli ed risk assessment protocols, exposure parameters, and toxicity factors that wcre 
selected to be consistent with recent USEPA Regional guidance and preferences. The HHRA was structured to 
reflect tbe consensus instruction of the USACE and USEPA site managers and tbe application of good 
profess ional judgment. 

The focus of this HHRA was to assess the potential for risk due to exposure of people to the groundwater 
currently associated with the Keyes Field (ineluding the former Keyes Well) and to groundwatcr thai may be 
associated with the Keyes Field in the future should the Keyes Well production be resumed to meet the potential 
future water needs of the surrounding community. Accordingly, a quantitative risk assessment was perfonned 
relative to the current groundwater quality and potential uses, and a conservative screening level risk assessment 
was performed relati ve to potential future groundwater uses. 

4.1 Overview of Ri sk Assessment Process 

The quantitative portion of the HHRA relative to the current groundwater qua lity and potentia l uses was 
conducted using a four·stcp process: data evaluation, exposure assessment, toxicity assessment, and risk 
characterization. These steps arc pcrfolllled with considerati on to the conceptual site model (CSM) developed 
to describe the potential current and futu re exposure pathways relative to groundwater at the Site. The CSM 
reflects thc current and projected future continued use of Keyes Field as a municipal park and focuses on the 
potential exposures of the Park Workers and users. In addition, the CSM reflects the possibi lity that the local 
groundwa ter eould one day again be extracted and used to supp ly a publ ic water system and become the source 
of drinking water and water for domestic uses at private homes. 

The steps and the process involved with caeh step arc discussed below. 

I. 	 Data Evaluation. The data identitying the chemicals most recently detected in groundwater were 
compiled, evaluated, and summarized. The data characterizing the groundwater associated with the on· 
site wells was evaluated separately from the data characterizing the groundwater assoc iated with the 
wells upgradient of Keyes Field. The on·site groundwater data were then screened to identity a subset 
of the detected constituents as being potentially significant contributors to risk (i.e. , the COPCs) to be 
furthe r considered in the quantitative risk assessment. The maximum detected concentration of each 
constituent detected in the groundwater from the upgradient wells was used in the conservative 
screening level risk assessment. 

2. 	 Exposure Assessment. The ways in which people may be exposed to the identified COPCs in the on· 
sile groundwater were then evaluated and quantitati vely described for the exposure pathways indicated 
in the CSM to be complcte or potentially complete now or in the future. The receptors potcntially 
associated with the potentially complete groundwater exposure pathways arc a future Park Worker, a 
future Park User. and a hypothetical future Res ident using the local groundwater. The future Park 
Worker could be exposed to the groundwater while perfonning typical park maintenance duties (such as 
irrigating the sports fields, hosing down the swimming pool area, and cleaning the picnic areas) or by 
drinking from an on·site groundwater-supplied water fountain. A future Park User could be exposed to 
the groundwater primarily through immersion in or contact with groundwater used to fill the swimming 
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or wading pools, showering after swimming, or drinking water from an on-site groundwater-supplied 
water fountain. A future residential exposure scenario (not necessarily located in the park) would 
in volve potential exposures to the local groundwater to both adult and chi ld residents from drinking and 
all domestic uses (Sec Section 4.2.2 for more detai l). For each pathway selected for quanti tative 
eva luation, the concentrations of the COPCs at the point of potentia l human exposure were estimated 
based on a statistical analysis of the sampling results and/or inter-media transpon modeling. The 
exposure point concentrations (EPCs) for each COPC in the on-site groundwater and/or hypothetical 
future residemial indoor air (as appropriate) were conservative ly estimated. The magnitude, frequency, 
and duration ofexposure were then estimated for each receptor and exposure pathway assoc iated with 
the potential current and future users of the on-site groundwater for a reasonable maximum exposure 
(RME) scenario. Thesc EPCs and exposure parameters were used to calculate ingestion and dermal 
absorption doses or intakes and airborne exposure concentrations of the COPCs as appropri ate for each 
receptor being evaluated. The screening level risk assessment assumed a conservative residential 
drinking water exposure scenario. 

3. 	 Tox icity Assessment. The chemical-specific health effec ts criteria describing the known dose/response 
characteri stics fo r the COPCs that were carried through the quantitative risk assessment for the on-site 
groundwater were then applied to the dose and airborne exposure estimates. The current dose/response 
criteria associated with both non-carcinogenic and carcinogenic health effects endpoints applicable to 
the ingestion, dermal absorption, and inhalation exposure routes were compi led for the COPCs. The 
sources of toxicological information and criteria fo llowed the preferred USEPA hierarchy of peer 
reviewed sources. Toxicity factors used in this HHRA incl uded oral and dermal reference doses (RfDs) 
and inhalation-related reference concen trations (Ries) for the non-carcinogcnic COPCs, and oral and 
dermal cancer slope factors (CSFs) and inhalation-related unit risks (URs) for the carc inogenic COPCs. 

4. 	 Risk Characterization. Quantitative risk estimates were developed fo r each receptor and each exposure 
pathway selected for quantitative evaluation by combining the projected contaminant doses or intakes 
for the potentially exposed receptors with the appropriate toxic ity criteria. The overall risk to each 
receptor was then calcu lated by summing the risks for each COPC contributing to a pathway, and for all 
idemified pathways likely to contribute to the risk to that receptor as idem ified in the CSM. The risk 
results were summarized to support the site management process. An eva luation of the major sources of 
uncertainty in the risk assessment that may have contributed to an over- or underestimation of the true 
risk also was performed. 

4.1.1 Organization o/Section 

The HHRA presented in thi s section is organized as follows: 

• 	 Section 4.1 - An introduction and overview of this risk assessmcnt (including the organizati on of the 
rest of Section 4). 

• 	 Section 4.2 - A bri ef description of Keyes Field and the CSM that was developed to identify and 
consider potemial current and future exposures to groundwater (including an identification of the 
receptors and exposure routes of interest relative to the groundwater now and in the fu ture). 

• 	 Section 4.3 - A description of the process used to compi le and eva luate the on-site and upgradient 
groundwater data, screen the on-site data to identify COPCs to be quantitative ly evaluated in the risk 
assessment, and estimate EPCs for constituents in the on-site groundwater. 

• 	 Section 4.4 - An identification of the exposure parameters selected to represent the reeeplors 
highl ighted by the CSM as having potentially complete exposure pathways relati ve to the on-site 
groundwater now or in the future. 

• 	 Section 4.5 - The identi fication uf the dosc!respom;e toxicity values that were used in lhe risk 

assessment relative to non-cancer and cancer health effect endpoints. 
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• 	 Section 4.6 - A description of the relationships used to estimate eOnlaminant intakes, doses and 
exposure condilions for each exposure roule and tbe protoco ls for using these quamiti es 10 develop the 
canccr and non-canccr risk cstimatcs for cach reccptor of intcrcst. 

• 	 Section 4.7 - The results of the quantitative risk assessmem for the on-site groundwater for each 
receptor of interest. 

• 	 Section 4.8 - The results of the screening level risk assessmem for the upgradiem groundwater relative 
to a conservative residential water usc scenario. 

• 	 Section 4.9 - A discussion of the most significant uncertainties associated with the performance and 
find ings of this ri sk assessmcnt. 

• 	 Section 4. 10 - Thc eonelusions of the risk assessment. 

4.2 Site Description and Conceptual Site Model of Groundwater Exposures 

Exposure pathways were selected for quantitative consideration in the HHRA to reflect the current and potential 
future groundwater uses at Keyes Field based on a review of the characteristics of Keyes Field and groundwater 
data and observations made during site visits by project team personnel. 

4.2.1 Description a/Keyes Field 

The town of Milford is located in Hillsborough County, New Hampshire, in the southwestern portion of the 
State. Keyes Field is approximately 19 acres in size and is bordered by Elm Streel 10 the south-southwest and 
the Souhegan River to the north and cast. The property was orig inally a pri vately-owned fann but has been 
publicly owned since 1957 (first by a land Trust, then by the Mi lford School System, and fina ll y by the Town of 
Milford). Keyes Field incl udes baseball and softball diamonds, a soccer field , and olher OUldoor recreational 
courts, picnic, and play areas. The fields are accessib le year-round, but are pri marily used in the warmer months 
for various organized and ad hoc sports activities. The swimming and wading pool and the associated pool 
house arc open seven days a weeks but only during the warmest weeks of lhe summer. In 2010, Ihe pool 
fac ilities were open from June 21 sl to August 28lh

. The poo l house is open and we ll -venti lated and is on ly 
occupied for relatively short periods of time by Park Users and the pool staff. 

On April 5, 20 10, a site visit was conducted by Evan Bannan ofWatennark and Ron Marnicio of Tetra Tech to 
obtain supplemental site-specific infonnation needed to construct the CSM and perfonn the HHRA. 
Information collected during the site visi t was used in the selection and desc ription of the exposure pathways 
discussed in the next subsection and in the detcnnination oftbe site-spec ific exposure parameters. Photographs 
taken during the site visit are presented in Appendix A. 

4.2.2 Conceptual Site Model ojPotential Exposure to Groundwater 

A human health exposure pathway describes a chemical's route oftransport from its source to the exposed 
individual. A complete exposure pathway must include all of the fo llowing elements (US EPA, 1989): 

• 	 A source and mechanism of chemical release to the environment (e.g., a spill or leak); 

• 	 An environmental transport medium (e.g., groundwater) for the released chemical and/or mechanism of 
transfer of the chemical from one medium to another; 

• 	 A point of potential contact by humans with the contaminated medium (e.g. , at the tap or point of 
recreationa l use); and 

• 	 A route of exposure (i.e. , inhalation, ingestion, and/or dennal absorption). 

A complete exposure pathway docs not imply that exposures arc actually occurring, only thai tbe potential exists 
for Ihal pathway to result in exposures to that receptor. This subsection discusses the exposure pathways that 
were evaluated for inclusion in the HHRA for the potential receptor populations idemified for the Site. The 
eva luation and selection process is summarized in tabular form in the CSM (Table 4-1) and is d iscussed further 
below. 
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Keyes Field is currentl y used as an outdoor recreational area and contai ns a swimming pool. However, at 
present, all of the water used at the Keyes Field (i.e., water used for drink ing, showering, san itation , irrigation, 
and fi ll ing the pool) is municipal water obtained from other sources. Therefore, the current Park Users and staff 
are not currently exposed to the on-site groundwater at this time and there is no risk. However. it is possible in 
the future that (he Town of Mi lford could consider re-ae tivating the existing Keyes We ll (wh ich was formerly a 
munic ipal supply wcll) to obmin groundwater for usc as a source of tap watcr for thc park faci li tics or nearby 
homes. Under this hypothetical scenario , the receptors associated wi dl the pOlelll iai fu lure groundwater use at 
Keyes Field arc a futu re Park Worker, an adolescent future Park User, and a hypothetica l Resident (an adult 
and/or a child). The Park Worker could be exposed to the groundwater while performing typical park 
maintenance duties such as irrigating the sports fields, hosing down the swimming pool area , and cleaning the 
picnic areas. In addition, this receptor could drink from an on-site groundwater-suppl ied water fountain. A 
future Park User could be exposed to the groundwater primari ly through immers ion in or contact with 
groundwa ter used to fi ll the swimming or wading pools, showering after swimming, and drinking water from an 
on-site groundwater-supplied water fountain. A future residential exposure scenario (that considered potential 
groundwa ter exposures to both adu lt and child residents from drinking and all domestic uses at a residence not 
necessari ly located at the park) was evaluated relative to potential fut ure unrestricled usc to prov ide a baseline 
for purposes of comparison. This scenario would apply if the Keyes Well were to be re-activaled and the 
extracted groundwater used as a source into the municipal supply system. 

This hYPOlhetical futu re tapwater exposure would result from ingestion, dermal absorption, or the inhalation of 
volatiles released from the water. Only three (3) VOCs or SVOCs were detected in the groundwater during the 
sampling period (sec below) and they were detected only sporadically (wi lh a frequency of detection between 
10% and 20%). Only two (2) of these compounds (acetone and MTBE) had screening values from the Draft 
2002 Vapor Intrusion Guidance (USEPA, 2002a) and their max imum detected concentrations were at least three 
(3) orders of magnitude below their respective screening values. Accordingly, the potential fo r volati le 
contaminants in groundwater to migrate upwards through the overlying soi l and into the indoor air of a future 
on-site structure or the existing pool house is very low. Therefo re, the vapor intrusion pathway is considered to 
be incomplete and was not further assessed in this HH RA. 

4.3 Groundwater Data Evaluation 

This subscclion describes the compi lation and evaluation ofthc dalabascs assembled for the HHRA of the on­
site and upgradient groundwater associated with Keyes Field. These data were used to identify those COPCs 
that were retained for eva luation in the HHRA and later to estimatc EPCs fo r the identified receptors. The most 
recem groundwater data from sampling performed from Apri l 2007 through January 20 I 0 were considered for 
use in the HH RA. The process used to compile this data is described in Section 4.3. 1, while Section 4.3.2 
discusses the process used to analyze the groundwater data and produce the wa(er qual ity metri es needed to 
support th e HHRA. 

4.3. 1 Data Review and Compilation 

Analytical results from sampling events conducted between April 2007 and January 20 10 were used to create 
the data selS used in this risk assessment. All wells within OU2, with the exeep lion of wells drilled into the 
bedroc k, were considered fo r inclusion. Bedrock wells were not included in the HHRA for OU2 as groundwater 
from the bedroc k would not be as feasible or attractive as the much more productive overburden formation for a 
munic ipal water supply. Groundwater data was compiled from sampling and monitoring reports prepared by 
GE, CEA. and USEPA. Different wen screen depth identi fiers were ass igned to the components of the well 
el usters by Ihe different sampling organizations. For example, we lls with an "$" and "0" suffix refer to the 
shallow and deep well s of an overburden well eluster, respectively, as do we lls with an "A" and "8" suffix, 
respeelive ly. Given Ihe focus of this HHRA, separate groundwater data selS were needed relative to the wells 
within OU2 (referred to as the "on-site" wells) and the wells hydraul ically upgradient of the on-site we lls 
(referred to as the "upgradient" wells). Figure 3-1 shows the approx imate locations of the on-site wells, the 
upgradienl wells, and Ihe background well. 
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Two observations were apparent relative to the data collected by these different organizations during this time 
frame. First, not all of the wells in either the on-site or the upgradient well groupings were sampled at every 
sampling evcnt. For cxample: 

• 	 Some well s (e.g. , KW02) had been previously vandalized and were damagcd such that no data was 
generated during the indicated four year timeframe; 

• 	 O thcr well s (e.g. , KWOIO, KWOIS) became damaged and unusab lc after the initia l Apri l 2007 

sampling event such that no additional data was generated after that date; 


• 	 Still other well s (e.g. , OW2, OW2P, KW03D) have not been damaged but were not re-sampled after the 
initial April 2007 sampling event; and 

• 	 The remaining well s (e.g. , MW-06A, MW-068, XM MW-IO, XM MW- I I, XM MW- 13) were sampled 
at different frequencies and on different eycles during the spee ificd years. 

The second observation was that the laboratory analyses performed on the samples colleeted by these 
organizations were not eonsistent due to there being different objectives and diffcrent sampling drivers for the 
different projeets. Some monitoring well s were sampled and analyzed for VOCs (noting that the lists of VOCs 
reported by the laboratory often differed between sampling organizations), base/neurrallacid (BNA) extractable 
compounds, mercury, metals, and PCBs, while samples from other wells and/or collected at other times were 
analyzed only for VOCs, manganese, and PCBs. This reality resulted in data sets with uneven numbers of 
analyses fo r different families of analytes. A summary of the available data for each we ll grouping (induding 
the background well (MW-25B» is presented in Table 4-2.1. 

All ava ilable validated data (US EPA, 1992) from the wells listed in Tab le 4-2.1 for the time frame April 2007 to 
January 2010 were ultimately selected for use in the HHRA based on discuss ions with the USEPA and USACE. 

The results for a tota l of61 original and eight duplicate groundwater samples were compiled. Twenty-three (23) 
original and five duplicate groundwater samples were collected in 2007, 26 original and one duplicate 
groundwa ter sample were collected in 2008, II original and two dup licate groundwater samples were collected 
in 2009, and one additiona l ori ginal groundwater sample was collccted in 20 10. As noted above, these 
groundwa ter samples were analyzed for varying combinations of VOCs, BNAs, volati le petroleum 
hydrocarbons (VPH), tota l petroleum hydrocarbons (TPH), PCBs, pestic ides, and meta ls. 

On-site, upgradient, and background groundwater data sets were then created and analyzed separately in 
consideration of the separate potentials for exposure to the current and fu ture groundwater characteristics. The 
well s compiled for each well grouping were (see Tab le 4-2. 1): 

On-Site We ll s: OW2, OW2P, KW01D, KW0 1S, Keyes We ll , MW-OSA, MW-OSBR, MW-06A, MW­
06B 

Upgradient We lls: MW-18B, Xtramart (XM) MW-10, XM MW- l l, XM MW-13, KW03D 

Background Well : MW-258 (the same background well used for OU I) 

The analytical results for the groundwater samples for each of these well groupings were compi led and critical ly 
reviewed and is summarized as follows: 

• 	 The on-site groundwater data set consisted of the resu lts for 35 original and seven dupli cate samples; 

• 	 The upgradient groundwater data set eonsisted of the results fo r 19 orig inal and one duplicate samples; 
and 

• 	 The background groundwater data set consisted of the resu lts fo r seven original samples collected at 
MW-2SB. 

These three data sets are presented in Appendix B. 
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Upon rev iew, it was seen that there were no detections of SNAs, PCBs, pestic ides, or VPH in any sample from 
either the on-site or the upgradient well data sets. As such, these analytes arc not furthe r addressed in the 
subsequent data analyses of risk assessments. However, samp le results for the PCBs are presented in the on-site 
and upgradient data sets fo r infonnational purposes. There were seven detec tions of TPH at low concentrations 
in the upgrad ient data set. These detections were not included in the data set because the detections were at low 
levels ncar the sample detection limi ts which are notlikcly to be a significant ri sk concern and there arc no 
commonly acknowledged and accepted toxicity factors and/or screening values for these compounds. As such, 
these detections are noted, but arc not carried forward into the ri sk assessment. 

4.3.2 	 Dala Reduction and Analysis 

The comp iled data set fo r each wcl l grouping was pre-processed to faci litate COPC identification as fo llows: 

• 	 Data for chemicals that wcre detected in a sample at an estimated concentration (i.e., "J" qual ified) were 
retained as-is fo r the risk assessment. 

• 	 Dupl icate samples were pre-processed in the fo llowing manner: 

If the original sample and the duplicate sample both had concentrations of an analyte abovc the 
detection limit (DL), the two detected concentrations were averaged, and the average concentration 

was used to represent that sample for the subsequen t analyses. 


If an origina l/duplicate sample pair yielded one detection and one non-detect result fo r the analyte, 

the detected concentration was used to represent that sample for the risk assessment. 


If both the original and duplicate sample were non-detect, then the lower of the two DLs for the 

originaVduplicate sample pair was used as the concentration representing that cons ti tuent in that 

sample. 


A stati stical summary of the on-site data set is presented in Table 4-2.2 . The fo llowing infonnation is included 
in Table 4-2.2: scenario/timeframe, medium, exposure medium, exposure point, Chemica l Abstract Service 
(CAS) number, chemical, minimum and maximum detected concentrations, data qualifiers , units, location of 
maximum concentration, detcetion frequency and the range of detection limits. Note that if the reported 
maximum concentration was detcctcd in an originaVdup lieate sample pair, the actual max imum concentration is 
presented instead of the average of the original and dup licate result . 

4.3.3 	 Identification o/Chemicals 0/Polenlial Concern 

COPCs were ident ified by applying appropriate exposure pathway-related sc reening criteria to the groundwater 
sampling results fo r each of the detected chemicals in the on-site data set. The screening criteri a that were 
applied are described below. 

Comparison 10 Risk-Based Screening Criteria - The maximum concentration of each detected chemical in 
the on-s ite groundwater data set was compared to a risk-based chemica l-specific screening value for 
groundwater. A chemica l whose maximum detected concentration was less than its screening va lue was 
el iminated from the list ofCOPCs and not further evaluated. Screening values reflecting residential 
exposure via ingestion, dennal absorption and air inhalation exposures fro m the USEPA Regional 
Screening Level (RSL) Table (i.e., the RS Ls for tapwater) (USEPA, 20IOd). These screening criteria 
correspond to a lxlO-6 ri sk for carcinogenic effects or a non-carc inogenic Hazard Index (HI) of 0.1. One­
tenth (1/10) of the published RSL val ue (which is based on an HI of 1.0) was used as the screening value 
for tbe non-carcinogenic compounds to protect against underestimation of non-cancer hazards from 
exposure to multiple non-carcinogens potentially impacting the same target organ system. 

Essential Nllfrients - Naturally occurring clements considered to be essentia l for human nutrition (i.e. , 
calcium, magnesium, potassium, and sodium) were eliminated from the COPC li st in accordance with 
RAGS Part A Guidance (US EPA, 1989). 
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Background Concentrations - Comparison to background levels of a chemical in groundwater was not 
used as a CO PC screening criteria. However, the analytical resu lts from monitoring well MW-25B were 
identified as refl ective of background because this well is located off-s ite and upgradient of Keyes Field 
and is not indicated to have been impacted by any contamination sources associated with OUI or OU2 or 
any other upgrad icnt relcasc. 

Potential Applicable or Relevant and Appropriate Requirement/To Be Considered (ARARITBC) Values ­
As was the case fo r the background conccntrations, a comparison to somc preliminari ly idcntificd 
ARARffBC concentrations was not used to screen out a COPC fo r this HHRA. However, thcsc regulatory 
levels for groundwater were included in Table 4-2.2 for comparison purposes and to provide some 
add itional context. For this HHRA, the Maximum Contaminant Leve ls (MCL) , Action Levels, and the 
NHDES Part Env-Drinking Water MCLs (NHDES, 20 I 0) were identified as ARARs and are prcscnted in 
Table 4-2.2. 

The COPC screening and selcction processes for the on-s ite groundwater are summarized in Table 4-2.2 , where 
thc fo llowing information is presented: the groundwater concentration that was used for screening (i.c. , the 
maximum detected concentration from the on-site data set) ; the range of background conccntrations (when 
ava ilable); the screcning toxicity value (i.e. , the USEPA RSLs for tapwater); the potential ARARffBC value; 
whether or not that chemical was selected as a COPC for the HHRA (i.e., the COPC flag); and the rationale for 
the chemical's deletion or selecti on as a COPC. Sixteen (16) compounds were detected in the on-site 
groundwa ter samples and five chemicals (one VOC and four metals) were chosen as COPCs, as shown in Tab le 
4-2.2. Further comment on (he detections ofMTBE and the SVOC bis(2-ethylhexyl)phthalate (BEHP) follows: 

• 	 MTBE was detectcd in one original and its duplicate sample during the Apri l 2007 sampl ing evcnt at 
concentrations of 49 and 50 ).1g1L, respectively. There were no other detections ofMTBE in any other 
sample from any other subsequent sampling event. MTBE has been most commonly used as an octane 
enhancing additivc to unleaded gasoline since the late I 980s. It is also sometimes used as a laboratory 
reagent to extract SVOCs for analysis. This compound is not assoc iated with the former operations at 
the Fletcher' s Paint Facility. The detections ofMTBE in the on-site groundwater are most likely the 
result ofa known past gasoline releases from one of the gasol ine stations located upgradient across Elm 
Street. However, bccause of the carcinogenicity of MTSE, it was conservati vc\y reta incd as a COPC to 
ensure that the carcinogcnic human health risks arc not underestimated. 

• 	 BEH P was detected in one original sample (but not its duplicate) collected during the Apri l 2007 
sampling event at a conccntration of230 ).1g1L. There werc no other detections of this compound during 
the remainder of the fou r year sampling timeframe. The primary industrial usc ofBEHP is as an 
add itive to plastics to increase their flexibility. As such, BEHP is a common laboratory contaminant 
due to the ubiqui tous usc of plastics in laboratories. The single detected concentration of BEHP was 
determined to have been at a concentration less than 10 ti mes the BEHP concentration detccted in the 
laboratory blank. associated with the sample. Accordingly, BEHP was j udged to havc been present in 
the sample as the result of accidental laboratory contamination and was not retained as a COpc. 

4.3.4 Exposure Point Concentrations 

In order to quantify the magn itude of exposure that may occur to an identified receptor (and the resulting intake 
or dose of the COPC), the concentration of the constituent at the point of potential contact or exposure must be 
estimated. The EPC is the estimated concentration of the cope to which a receptor wou ld be exposcd if 
groundwa ter were to be uti lized for general use water at the park or as municipaltapwater for the Town in the 
future. The EPes are used in conjunction with the receptor-specific exposure fac tors to calcula te chronic daily 
intakes (eDls), dennally absorbed doses (DADs) to the receptors, or the projected airborne exposure levels of 
thc COPCs experienced by (he receptors. This HHRA was designed to eva luate the risks to the identi fi ed 
receptors associated with a RME cxposure scenario, which is de fincd as the "highest exposure that is reasonably 
expec ted to occur at thc site". 
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The EPCs that were calc ulated for the identified CO PCs are presented in Table 4-3. 1. These EPCs are estimates 
of the 95% upper confidence limit (UCL) on the mean of the on-site well data distribution using the USEPA 
ProUCL Version 4.00.05 statistical sofr.vare package that is available through the USEPA website (USEPA, 
2010a). Due to the non-detect capabilities of the software, ProUCL was used to generate UCL values for the 
COPCs for each exposure point location rcgardlcss of thc number of detcctions or samples that were associated 
with Ihal COPC. The 95% UCL on the arithmetic mean was ca lculated for each COPC using an algorithm 
selected in response to the statistical distribution of each data set. The ProUCL calculations were perfonned by 
allowing the software 10 explicitly account for all non-detect analytical results (and not substituting ljz the 
sample DL for the non-detect results !.see the uncertainty section for further discussion of this issueD. The 
ProUCL OurpUIS for the EPC calculations for the on-site groundwater dala set arc included as Appendix C. 

4.4 Exposure Assessment 

Exposure parameters were establi shed to define each of the potent ial receptor popu lations associated with the 
complete and potent ially complete pathways identified in the CSM (Table 4-4. 1). The exposure parameters 
used to develop the quant itative risk estimates arc summarized in Table 4-4.1 and arc di scussed by receptor 
below. The exposure parameters applied for this HHRA were drawn from RAGS Part A (US EPA, 1989), 
RAGS Part E (US EPA, 2004), USEPA's Standard Default Exposure Factors (USE PA, 1991b), the Exposure 
Factors Handbook (USEPA, 1997), the Supplemental Guidance for Developing Soil Screening Levels for 
Superfund Sites (US EPA. 2002b), the USE PA RSL User's Guide (USEPA, 20 lOb), and conservative site­
specific assumptions. Bioavailability of all constituents was conservatively assumed to be 100 percent. 

4.4.1 Receptor Parameters 

The exposure parameters and assumptions selected for usc in the quant itative risk assessment for a future adult 
Park Worker, a future adolescent Park User, and a hypothetical adult and chi ld Resident exposed to the on-site 
groundwater in a domestic setting arc presented in Table 4-4. 1 and are discussed in the subsections below. 

4.4.1.1 j=illure Park Worker 

This person would perfonn outdoor landscaping and maintenance activities (such as irrigating and mowing the 
fields , cleaningfhosing down the pool facilities and park maintenance equ ipment, and picking up trash) 
throughout the park. The future Park Worker is assumed to be an adult who wou ld work outdoors on a 
seasonally variable work schedule of 5 days/week in summer (13 weeks), 3 days/week in the spring and fall (26 
weeks), and not work in the winter (13 weeks), for a total of 143 days/year. A value of4,447 square centimeters 
(em2

) was estimated for the exposed skin surface area for derma l exposure, which corresponds to an adult 
wearing a short sleeved shirt and shorts (i.e., exposed hands, forearms, and lower legs) (US EPA, 2004). The 
averaging time for carc inogenic effects was 70 years (i.e., assumed lifelime) and for non-carc inogenic health 
effects it was the exposure duration (USEPA, 1989). The future Park Worker is assumed to be potentially 
exposed to the groundwater through ingest ion and denna l absorption of the groundwater. 

4.4.1.2 Park User 

It is assumed that the future Park User would utilize the sports fields and playground facilities during the 
warmer mOlllhs of the year (i.e. , 34 weeks during April through September), and would use both the fields and 
pool facilities during the weeks rhat the pool is open and available to the public. These assumplions result in 
differenl exposure frequencies (EFs) for ingestion and dennal absorption for thi s receptor. The ingestion EF of 
54 days/year reflects the future Park User being at the park and drink ing from a future groundwater-supplied 
water faucet or drinking fountain three times/week during the 10 weeks that the pool is open and one time/week 
for the remaining 24 weeks. The dermal absorption EF of 30 days/year reflects a fu ture Park User swimming 
three times/week for the 10 weeks that the pool is typically open. Exposure parameters for the futu re Park User 
arc presented in Table 4-4.1. 
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Additional RME exposure assumptions for the future Park User include: being between six and 14 years of age 
(referred to as a young adolescent) weighing 35 kilograms (kg); having an exposed skin surface area for dermal 
exposure of 11 ,4 14 cm'; und an averaging time for carcinogenic effccts of70 years and for non-carcinogenic 
effects an averaging time equal to the exposure duration (USEPA, 1989). Similar to the fu ture Park Worker, the 
fu turc Park User is assumed to bc potcntially exposcd to groundwater by ingestion and dcnnal absorption of the 
groundwa ter. 

4.4.1.3 Residents Using Groundwaler-Supplied Tapwaler 

Hypothetical fu ture residents who may be exposed to the on-site groundwater via domestic usc (if the Keyes 
We ll were to be re-activated) would include both adults and young children. Exposure parameters for the 
Rcsidents arc presented in Table 4-4.1. Adults arc persons grcater than 18 years of age and wcigh 70 kg 
(USEPA, 1991 b). The young chi ld Resident was assumed to be zero (0) to six years old and weigh 15 kg 
(US EPA, 2002b). Residents were assumed to be potentially exposed to groundwater by ingestion and dermal 
absorption of the groundwater as tapwatcr supplied through a munic ipa l system, and via the inhalation of 
volatiles released into the indoor air of the residence during showering or bathing, cooking, or washing with the 
tapwater. 

Groundwater ingestion rates of two liters (L)/day and one L/day and exposed skin surface areas of 18,000 em2 

and 6,600 cm2 were assumed for the adu lt and child Resident, respectively (US EPA, 20 lOb, 2004). An 
exposurc frcquency of350 days per year was assumed for both the adult and child Resident (USEPA, 1991b and 
2002). The assumed exposure durations were 30 years for the adult Resident and 6 years for the child Resident 
(USEPA, 1991 b and 2002). The averaging time for carcinogenic effects was 70 years and for non-carcinogenic 
effects it was the exposure duration (USEPA, 1989). 

4.5 Tox icity Assessment 

This subsection describes the process used to identify route-specific tox icity values fo r each COPC selected for 
further eva luation in the quantitative risk assessment of the on-site groundwater. Tox icity va lues arc used in 
conjunction with the exposure assessment to calculate risks. 

USEPA has conducted toxicity assessments for numerous chemical s whieh have undergone peer review and the 
resulting toxicity values have been published. These toxicity va lues include RIDs and RfCs fo r evaluating the 
non-carcinogenic health effects associated with exposures, and CSFs and URs for evaluating the carcinogenic 
hea lth effects assoc iated with exposure. Section 4.5.1 presents information regarding the identification of the 
non-carcinogenic tox icity values and Section 4.5.2 prescnts thc information regarding the idemification of the 
carcinogenic tox icity values used in the HH RA. 

The preferent ial hierarchy of sources from which toxicological infoffila tion and tox icity values were drawn was 
(USEPA, 2003): 

I) 	 Ticr I: USEPA's Integrated Risk Information System (IRIS). IRIS is an on-line database containing 
current tox icity values for many chemicals. These va lues have gone through a systematic USEPA 
consensus bui lding and peer review process [http ://www.USEPA.gov/ncca/iris] (USEPA, 201 Oc). 

2) 	 Ticr 2: USEPA' s Provisional Peer Reviewed Toxic ity Values (PPRTVs). This source of tox icity values 
includes values developed by the Office of Research and DevelopmentiNational Center fo r 
Environmental Assessment/Superfund Health Risk Technical Support Center on a chemical-specific 
basis. 

3) 	 Tier 3: Other Sources of Toxicity Indices. Additional USEPA and non-USEPA sources of toxicity 
infonna tion were examined if there was no Tierl or Tier 2 toxicity value for a COPe. These sources 
included the Ca li fo rn ia Environmental Protection Agency Toxic ity Criteria Database (CaIEPA, 2009). 
Priority was given to those sources and values that were the most current, had supporting documentation 
that was transparent and publicly available, and had been peer reviewed. 
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The online database ofchemical toxicity values maintained by the Department of Energy (DOE, 20 I 0) was also 
consulted. A listing of the toxicity values selected for each identified non-carcinogenic and carcinogenic COPC 
is presented in Tables 4-5. 1, 4-5.2 , 4-6.1, and 4-6.2. 

The list ofCOPCs was compared to the list of chemicals indicated to have a mutagenic mode of action for 
carcinogenesis to determine if any age-specific adjustments to the CSFs and VRs were required for the early Ii fe 
exposures for the younger receptors. As none of the COPCs appeared on USEPA ' s publi shed list of chemical or 
compounds with a mutagenic mode of action, no age-dependent adjustment factors had 10 be applied to the 
cancer endpoinllox icity va lues. 

4.5. J Toxicity Vollies Relative to Non -Carcinogenic Health Effects 

For non-carc inogens, the USEPA publishes oral RIDs and inhalation RfCs that are the chemical-specific doses 
below which no significant adverse health effects are expected. For chemicals that have non-carcinogenic 
effects, many authorities consider organisms to have repair and detoxifica tion capabi lities that must be exceeded 
by some eritieallevcl (threshold) before the health effect is manifested. For example, an organ can have a large 
number of ce lls perfonning the same or similar functions that must be significant ly depleted before an effect on 
the organ is seen. Th is threshold view holds that a range of exposures from just above zero to some fi nite value 
can be tolerated by the organism without an appreciab le risk of adverse effects. 

An oral RID, expressed in units of milligrams (mg) chemical intake/day/kg body we ight, is an estimate ofa 
dai ly exposure levcl fo r humans (including sensitive individuals) that is likely to be without an appreciable risk 
of adverse health effects during the period of exposure. The purpose of the RfD is to provide a benchmark value 
aga inst which estimated doses (e.g. , those projected for human exposures to various environmental media) 
might be compared. Doses that are higher than the RID may indicate that an inadequate margin of safety could 
exist for exposure to that substance and that an adverse health effect could occur. 

There are, at present, no USEPA-derived RfDs for the dermal route of exposure. Dermal RfDs were calculated 
from the oral RID value using an oral-to-dermal adjustment fact or. The oral-to-dennal adj ustment factor is 
bascd on thc chcmical-specific gastrointestinal absorption cfficiencics li slcd in USEPA RAGS Part E, Exhibit 
4.1 (USEPA, 2004). The adjustment accounts for the absorption effic iency in the critical cl inical or 
epidemiological study forming the basis of the published toxic ity factor. The magnitude of the toxicity factor 
adjustment is inversely proportiona l to the absorption fraction in the critical study. As the absorption efficiency 
decreases the difference between the absorbed dose and administered dose increases. An adjus tment was made 
to establ ish a dermal RID when the oral absorption efficiency lis ted in RAGS Part E (USEPA, 2004) was below 
50%. Complete (i.e. , 100%) absorption was assumed and no adjustment of the oral tox icity factor was made to 
obtain a toxic ity facto r used for the dermal absorption route if this condition was not met. The chronic oral and 
dermal RID values arc listed in Table 4-5.1. 

Non-carcinogenic tox icity factors for the inhalation route are typicallr, expressed as RfCs. The inhalation RfC is 
an estimate of the air concentration in milligrams/cubic meter (rug/m ) that an individual can breathe over the 
period of exposure without a risk of adverse health effects. Inhalation RfCs arc developed to be protective of all 
adverse health effects, both systemic and portal-of-entty, associated with inhala tion exposure. The chronic 
inhalation RfC values compiled for this HHRA arc presented in Table 4-5.2. 

4.5.2 Toxicity Fac/ors Re/alive /0 Carcinogenic Heailh Effec/s 

A CSF is a numerical estimate of the carcinogenic potency ofa chemical, which, when multiplied by thc 
average life time dose, gives thc probability of an individua l developing cancer over a li fet ime. CSFs are 
expressed in units of the inverse of mg of chemical intake per day per kg of body weight [(mglkg-dayrl The 
underlying assumption used by USEPA for regulatory risk assessment for constituents known or assumed to be 
linked to potcntial carcinogenic effects is that no thresho ld dose exists. Accordingly, USEPA assumcs that some 
level of potential risk is assoc iated with any dose received, no matter how small . 

The oral CSF va lues used in this HHRA are listed in Table 4-6. 1. There are, at present, no USEPA-derived 
CSFs for the derma l route of exposure. Dermal CSF values arc calculated from the ora l CSF values using an 
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oral-to-denna l adjustment factor. This adjustment for the oral CSFs was perfonned using the same general 
process appl ied for the ora l RfDs, as described in Section 4.5-1 . It is noted, however, that no adjustment of any 
CSF was required for Ihis. risk assessment. The oral and dCn11al CSF va lues selected for usc in the HHRA arc 
listed in Table 4-6.1. 

Carcinogenic tox icity factors for the inhalation pathway arc typica lly expressed as URs. The URs were 
compiled from the hierarchy of sources li sted previously. The inhalation UR va lues compiled for th is HHRA 
arc listed in Table 4-6.2. 

4.6 Risk Characterizati on 

Risk characterization requires integrating exposure and toxic ity information illio a quantitative estimate of 
excess lifetime carc inogenic risk (ELCR) and non-carcinogenic Hazard Quotients and Hazard [ndices (HQs and 
His). The intake, dose, or inhalation exposure to a COPC is estimated from as many as six basic factors: 
exposure frequency, exposure duration, and contact rate, COPC co ncentration in the exposure medium, body 
weight, and averaging time. Thereafter, the calculation of risks is performed by combining EPCs, exposure 
scenarios, and tox icity va.lues using methods defined by USEPA to calculate potentia l carcinogenic and non­
carcinogenic risks associated with current and future use exposure scenarios. The methods used to conduct the 
risk characterization portion of the HHRA arc generally described below. Spec ifically, this subsection presents 
the equations for the COl , DAD and airborne exposures, and presents the methods and metrics used to calculate 
HQs, His, and ELCRs. 

4.6.1 Intake, Dose and Airborne Exposure ESlimafion 

CDls arc calculated for the ingestion exposure pathway, DADs arc ca lcu lated for the dermal absorption 
exposure pathway, and ECs are calculated for the inhalation pathway. CDis and DADs are expressed as the 
amount of a chemical an individua l would be exposed to dai ly per unit body weight (e.g. , mglk g-day). The 
form ula used to calculate the COl for ingestion of groundwater is: 

CW x IRW x EFx ED 
COl 

BWxAT 

where: 
COl Chronic Daily Intake (mg/kg-day) 
CW Chemica l Concentration in Groundwater (mgfL) 
IRW Ingestion Rate (L/day) 
EF = Exposure Frequency (days/year) 
ED Exposure Duration (years) 
BW Body Weight (kg) 
AT Averaging Time (days) 

The formula used to calcul ate the DAD for groundwater is: 

DAevent x EV x SA x EF x ED 
DAD 

BWx AT 
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where: 


DAD Dermally Absorbed Dose (mglkg-day) 

DAevent Absorbed dose per event (mg/emz-event) 

EV Event Frequency (events/day) 

SA Skin Surface Area available for contact (emz) 

EF Exposure Frequency (days/year) 

ED Exposure Duration (years) 

BW Body Weight (kg) 

AT Averaging Time (days) 


The parametcr DAcvent is chemical-specific and exposure scenario-spcc ifie, and is calculated d ifferently (sec 
also the footnote to Tables 4-4.3 and 4-4.6), depending on whether the COPC is an organic or inorganic 
compound and (if an organic compound) on the properties of the compound. The chemical-specific parameters 
used in the calculation of the DAevent arc presented in Tables 4-4.2 and the DAevelll calculal ions arc presented 
in Tables 4-4.3 and 4-4.6_ 

The formula uscd to calcul atc thc inhalation of volatil es is: 

EC = CW x K xCF 

wherc: 

EC 
CW 
K 

= Airborne Exposurc Concentration (mg/ml) 
Concentration in Groundwater 
Volatization Factor relative to household uses or water (ullitless) 

This Volati lization Factor (K) is defined in the context of the Andclman approach (Andelman, 1990) to the 
inhalation exposure to volatiles as described in RAGS Part B. This approach re lates the concentration of a 
volatilc contam inant in household water to the concentration ohhe volatilized contaminant in the indoor air. 
Inhalation exposures were not calculated for inorganic COPCs since they arc not volatilc. 

The CDls, DADs, and ECs arc averaged over a lifetime (i.e., 70 years) for the carcinogenic COPCs and over the 
exposure duration fo r the non-carcinogenic COPCs (USEPA, 1989) fo r a ll receptors. 

4.6.2 Risk Calcula/ion Pr%cols 

For non-carcinogens, exposure pathways were evaluated by comparing chemical-specific CDls and DADs to 
their associated RIDs for oral and dermal intake, and comparing chemical-spec ific ECs to their associated RfCs 
for inhalation intakc. Potential non-carcinogenic effects arc eva luated using thesc ratios for each COPC: 

HQ,= CD!, HQ, = DAD, HQ, = EC, 
RjD, RjD, RfC, 

where: 

Hazard Quotient for chemi cal i for the givcn intakc routc (unit less) 

Chronic Daily Intake for chemical i for the ingestion intake route (mglkg-day) 

Reference Dose for chemical i for the g iven intakc route (i.e., ingcstion or 

dermal absorption) (mglkg-day) 


DAD, Dermally Absorbed Dose for chemical i for the derma.l absorption intake route (mglkg­
day) 

EC, Exposure Concentration for chemical i for tbe inbalation intake route (mg/ml) 
RfC i Reference Concentration for chemical i for the inhalation intake route (mg/m3) 
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The sum of all of the HQ ratios for all exposure pathways for the CO PCs for each receptor is called the Hazard 
Index (HI). An HQ or HI (as appropriate) less than or equal to one is unlikely to be associated with health 
cffccts and is, thcrcforc, less likcly to bc of concern than an HQ or HI grcater than onc. Howcvcr, a conc lusion 
should nOI be drawn categorically that all HQs or His less than one are "acccptable" or that a ll HQs and His 
grcater than one indicate that health effects will occur. This is due to the uncertainties inherent in the derivation 
of the RIDs of RfCs. His should not be summed across age groups. Tables 4-7.1 through 4-7.4 present the 
EPCs, calculated da ily dose/intake quantities, RfD/RfC toxicity parameters, and individual HQs for each 
receptor and exposure pathway combination relative to the on-site groundwater. 

The potential cancer risk due to exposure to a specific carc inogenic compound is calculated by multiplying 
chemical-spec ific CDls, DADs, and ECs with their associated CSFs or URs for the oral, dermal, and inhalation 
routes, respectively. The sum of all of these products for the COPCs for each receptor in each medi um is called 
the excess li fet ime cancer risk (ELCR), and is calculated as shown below: 

ELCII ~ cm·, CSF 

ELCII ~ DAD; ·CSF 

ELeR ~ EC., ·UII 

where: 

ELCR Excess Lifetime Cancer Ri sk for the given intake route (ingestion, dennal absorption, or 
inhalation) (unitless) 

COl, Chronic Daily Intake for chemical i for the ingestion intake route (mglkg-day) 
DAD, Dermally Absorbed Dose for chemical i for the dermal absorption intake route (mg/kg-day) 
EC, Exposure Concentration for chemical i for the inhalation intake route (mg/ml) 
CSF, Cancer Slope Factor for chemical i for the given intake route (mg/kg-dayt 
URi Unit Risk for chemical i for the inhalation intake route (mg/m) 

For the purposes of the HHRA, cancer risks for exposure to multiple carc inogenic COPCs were assumed to be 
additive. USEPA has establ ished a target risk range of Ix 10.6 and I x I 0-4 for reference purposes for site 
management under CERCLA. A I -in- I ,000,000 cancer risk (i.e., I x I 0.6) means that in a population of 
1,000,000 people exposed under an identical exposure scenario (i.e., who had exactly the same COl of a 
carcinogen over the same period), there would be one additional case of cancer in the population. An ELCR 
below or w ithin this range is less likely to be of concern than an ELCR exceeding the upper limit of this range 
(I- in- I 0,000, or I x I 0-4). Tables 4-7.1 through 4-7.4 present the EPCs, calc ulated COPC intake quantities, CSF 
or UR toxicity parameters, and the calculated cancer risks for each receptor and exposure pathway combination 
relative to the on-site groundwater. 

Example intakclexposure and risk/hazard calculations for one carcinogenic and one non-carc inogenic COPC for 
each quan titati vely evaluated exposure pathway identified in the CSM (Table 4-1 ) arc presented in Appendix D. 
The sample calculation results presented in Appendix 0 arc referenced back to (he tables in which that quantity 
was actually calculated for the assessment . These examples provide an indication of the qua lity control checks 
that were performed for all calcul ations associated with the HHRA. 

4.7 Results of the Quantitat ive Ri sk Assessment of the On-Site Groundwater 

This subsection presents the results of calculations of potential cancer and non-cancer risks for each receptor 
re lative to the assumed exposures to the on-site groundwater. The risk calculations arc presented in Tables 4-7.1 
through 4-7.4. The calculated results for each of the receptors arc presented sequentially in the sections that 
fo llow. 
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4.7.1 Future Park Worker 

The ElCR and HI associated with the assumed future exposure of a Park Worker to the on-site groundwater 
were calculated to be 3.3x 10-5 and 0.32, respectively (sec Tab le 4-7. 1). The cancer risk estimate is within the 
USEPA reference cancer risk range of Ix10-6 to IxI0-4, and the non-cancer HI is below the USEPA threshold 
of 1.0. 

4.7.2 Future Park User 

The ElCR and HI assoc ia ted with the assumed future exposure of a Park User to the on-site groundwater were 
calculated to be I. 7x I 0-6 and 0.054, respectively (see Table 4-7.2). The cancer risk esti mate is within the 
USEPA reference cancer risk range of Ix10-6 to IxI0-4, and the non-cancer Hr is below the USEPA threshold 
of 1.0. 

4.7.3 Future On-Site ReSidents (Adllit and Child) 

The ElCR and HI projected fo r the hypothetical future adult Resident were calculated to be 2.0x I 0.4 and 2, 
respective ly (see Table 4-7.3). The ElCR and HI for the child Resident were calculated to be 9.8xlO·s and 3.7, 
respective ly (see Table 4-7.4). These cancer risk estimates exceed the USEPA reference cance r risk range of 
I x 10.6 (0 I x lO"4, and the non-cancer HIs exceed the USEPA non-cancer effects threshold of 1.0. The ingestion 
of arsenic in the groundwater via drinking and, to a much lesser extent, the inhalation of MTBE released from 
the groundwater into houses during domestic use of the water were the pri mary contri butors to the projected 
risks relative to these hypothetical future residentia l exposures. These COPCs arc discussed separately below. 

The ingestion of arsen ic contributed approximately 95% of the projected ElCR and HI fo r the child and adult 
Residents. Arsenic was detected only in one often original samples (and its dupl icate) and only at the April 
2007 sampling event. The lone detection was at a concentration of II IlgIL, which isjust above the USEPA 
SDWA MeL and NHDES MeL of 10 1lg!L. Although there is no sitc-speeific background concentration for 
arsenic from thc sampling of MW 25B, it is likely that the concentrat ion of arse nic dcteetcd in groundwater 
during Ihis onc sampling event is naturall y occurring. Arsenic is a naturally occurring element that is found in 
the bedrock, soi ls, and groundwater throughout Ncw England and southern New Hampshire. A study by the 
USGS indicated that arsenic was detected at concentrations that exceeded the USEPA SDWA Mel and 
NHDES MCL of 10 IlglL in 21 % of private wells in Hillsborough County even though the geologic formation 
underlying the town of Mi lford was not found to be unifonnly high in arsenic (USGS, 2003). Other studies 
indicate that arsenic concentrations in groundwater are heavily infl uenced by the bedrock geology and lithology 
of the area (Ayotte, et. aI. , 1999; Robinson and Ayotte, 2007). As arsenic is not assoc iated with the upgradient 
sources relative to OU2, the arsenic contributing to the calculated risks relative to the on-site groundwater is not 
indicated 10 be due to fonner activities at the Fletcher' s Paint Faci lity. Given the low frequency and detected 
concentration of arsenic, the indication that the concentrations of arsenic that were detected were due to 
background sources, and the lack of an association between arsenic and the aClivities previously perfomled at 
the Fletcher' s Paint Facility, the exceedances of the ELCR do not represent a significant potent ial risk. The 
contribution of MTSE to the ELCR for the adult and child Resident was calcula ted to be 6.5x 10.6 for each 
receptor. This chemica l-specific cancer risk estimate is within the USEPA reference cancer risk range of I x I 0.6 

to Ix 104. Therefore, no action is required because of the carcinogenic risks from the inhalation ofMTBE. As 
discusscd in Scction 4.3.3 , the MTSE detected in the on-site groundwater is vcry likely due to upgradient 
sources Ihal arc current ly being addressed. As such, the presence ofMTSE in Ihe on-s ite groundwater would be 
expcetcd to bc a short-term situation. This would have to be verified by a sclcctcd re-sampling of certain on-site 
well s. 
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4.8 Screening Level Risk Assessment of the Upgradient Groundwater 

4.8.1 Approach 

The groundwater data for the upgradient wells was compi led and a screening level ri sk assessment re lative to 
potentia l drinking water exposure was performed. The upgradient well s included three Xtramart monitoring 
well s (i.e. , XM MW- I 0, XM MW-II , XM MW-13), monitoring well MW- 18B, and monitoring well KW03D. 
The locati ons of these we lls arc shown on Figure 3-1. 

The compiled upgradicnt well groundwater data was analyzed to identify the maximum detected concentration 
in any upgradient we ll over the sampling period (i.e., April 2007 through January 20 I 0). Th is maximum 
detec ted contaminant concentration , the monitoring we ll where that concentration was detcetcd, and the year 
that that sample was collectcd were recorded. This concentratio n was then compared to a set of drinking water­
rc latcd standards and risk-based screening values for that compound, selceted from thc following hicrarehy: 

I. 	 USEPA Safe Dri nking Water Act and NHDES Chapter Env-DW 700 Drinking Water Quality Standards 
for Public Water Supply Systems MCLs [Note: The federa l and state limits are the same for each 
detected contaminant] ; 

2. 	 USEPA Safe Drinking Water Act and NHDES Chaptcr Env-DW 700 MCL Goals (MCLGs) [Note: The 
federa l and state limits arc the same for each dctected contaminant]; 

3. 	 USEPA Lifetime Drinking Water Health Advisories INote: The value shown for manganese also has 
been established as the Interim Cleanup Level for manganese in groundwater at QU I]; and 

4. 	 USEPA Risk-Based RSLs for Tapwater [Note: These RS Ls are back-ca leulated groundwater 
concentrations projected to result in a singlc chemical ELCR of I x I 0.6 or a single ehcmiea l non-cancer 
Hl of I assuming a rcsidential drinking watcr cxposurc sccnario]. 

4.8.2 Results 

Table 4-8. 1 presents a summary of this screening level risk assessment of the upgrad ient groundwater. The 
results arc as follows: 

• 	 The max imum detected concentrations of benzene and trichloroethylene exceeded both their 

federal/sta te MCLs and MCLGs and their respective USEPA RSLs for tapwater; 


• 	 The max imum detected concentrations of bis(2-ethykhexly)phthalate exceeded its federa l and state 
MCLG; 

• 	 The max imum detected concentrations of iron exceeded its federal Secondary Drinking Water Standard 
and its NHDES ,MCL; 

• 	 The max imum detected Total PBCs concentrations exceeded all three of the li sted standards and 
screening levels, due primarily to the apparent prescnce of the homologue Aroelor 122 1 (which 
individually exceeded its EPA RSL for tapwater); and 

• 	 The max imum detected concentrations of 1,2-dibromoethane, I ,2,4-rrimethylbenzene, cthylbenzene, 
and naphthalene exceeded their risk-based USEPA RSLs fo r tapwater. 

This screening analysis revealed that groundwater upgradient of Keyes (i.e., to the southwest and southeast) has 
or is likely to have contaminant levels that exceed thresho lds for a pub lic drinking water supply. 
Characterizations of the hydrau lic conductivities in the overburden glac ial dcposits and in thc underlying 
bedroc k indicate that a significant cone of depression would like ly be created if the Keyes Well were to be re­
activated to extract water for public consumption. This pumping would be expected, based on past experience 
when the municipal well was formerly in usc, to draw groundwatcr from these upgradient locations. The exact 
quality of the groundwater that would be produced by a rc-aetivated Keyes Wel l cannot be projected without a 
specific ana lysis of the potential pumping scenario. However, the screening assessment suggests that pumping 
the Keyes Well would likely draw contaminated upgradient groundwater under Keyes Field and re-eontaminate 
the on-site groundwater. 
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4.9 Uncertainty Analysis 

Quant itative risk assessments inherently contain elements of variabil ity and uncertainty. The sources and 
impl ications of the variabil ities and uncertainties were examined to provide perspective on the accuracy and 
level of conserval ism inherent in the underlying assumptions and, consequent ly, the risk estimates produced by 
this HHRA This information is presented with the goa l of helping make more informed decisions about how to 
interpret and manage the projected risks. The following subsections address the primary uncertainties and their 
impl ications relative 10 potential uses of the on-site and upgradient groundwater. 

4.9.1 Uncertainlies Associated with Data Selection and Hazard Assessment 

4.9.1.1 Available Wells and Sampling Reslills 

For this HHRA, groundwater data collected from the most recent sampling events at the on-site OU2 wells and 
the upgradient wells were evaluated. Sampling results going back approx imately 4 years (starting in April of 
2007) were evaluated for inclusion in the risk assessment databases. The data obtained from seven on-site well 
locations were considered, but only five of these wells had been sampled during the last four years (i.e. , 
OW2/0W2P, KWO IDIS, Keyes Well, MWOSAlBR, and MW06A/B). On-s ite moniloring well KW02 had been 
damaged and was not sampled during this time frame, and on-site monitoring well OW3 also was not sampled 
since 2007. The data obtained from five upgradient well locations were considered, and all five well s had been 
sampled during the last four years (i .e., XM MW 188, XM MW-IO, MW-I I, XM MW- 13, KW03D). The 
groundwa ter data from MW-2S8 was considered to be representative of site background conditions. There was 
considerable variabi lity in the frequency at whic h these wells were sampled during the past fou r years. With 
respect to the on-site wel ls, some were sampled only once since 2007, while others have been sampled six to 
eighl different times. With rcspect to the upgradient wells, one was sampled on ly once since 2007, whi le others 
have been sampled as many as II different times. The background wc ll was sampled seven diffcrent timcs. 
Often, a well was not re-sampled because it had been vandalized and damaged and could no longer be used. 
Groundwalcr sampling on-site and in the immediately upgradient areas has been performcd by three different 
groups in response 10 differenl projects and project objectives. Consequently, there have becn differences in the 
suites ofanalytes tested for in different wells at different times. Despite the known variabil ity in these factors, 
the groundwater data set developed for this HHRA represents the most spatially representative and highest 
quality data available for estimating the risks associated with potentia l on-site and upgradient groundwater uses. 

4.9.1.2 Dynamic Condilions and Temporal Represenlafiveness 

All samp li ng pcrfonned during this four year time framc havc been conducted whilc the Keyes Well has not 
been in usc and not impacling local groundwater flow rates and direct ions within ils prior zone of influence 
when it was operationa l. No detailed analysis has been perfomlcd of the likely groundwater flow and 
contaminant dilution that could occur beneath OU2 if the Keyes Well were to be re-activated in the future. 
However, it is likely that some of the contamination currently present in the upgradient wells would be drawn 
into the groundwater beneath Keyes Field. In addition, some of the sampl ing results that impacted the risk 
assessment data set, thc calculated EPCs, and the projeetcd risks most were associated with sampling pcrformed 
at the earliest point in the time frame. Given the hydraulic conductivities and gradients indicated to be 
associated with OU2 (ADL, I 994a), some of this dissolved on-s ite contamination is likely to havc migrated 
from under the park and bc no longcr present in OU2 whi lc some of the dissolvcd upgradient contamination 
might now be encroaching on OU2. It is difficult to estimate the net effect of these dynamic fo rces on the 
projected risks of currcnt conditions within thc groundwater beneath Keyes Field. 

4.9.1.3 Characlerislics ofthe Data Sels and Their Impacf on the Calculated EPCs 

The constituents detected in the groundwater associated with the on-site and upgradient wells were primari ly 
metals, a few VOCs, and even fewer SVOCs. Typically, the VOCs and SVOCs were detected very infrequently 
in the respecti ve wells over the stated time frame. Accordingly, the data sets for these compounds had a high 
percentage of non-delcct rcsults and gcnerally non-parametric distribution types. In some cases, samplc 
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quantifica tion limits werc not documented and values associated with the non-detects had to bc inferred from 
other similarly collected contemporaneous samples. The newest version of ProUCL was used to quantify the 
groundwa ter EPCs. This version allows EPCs to be generated with explicit eva luation of non-detect sampling 
results using the most recent statistical approaches identified for that purpose. Even though thi s tool was applied 
to the data sets, suitable EPCs cou ld not be identified for all detec ted constituents and their max imum detected 
conccntrations had to be used as thcir EPCs in thc risk calculations. Thi s is likely to lcad to an overestimation of 
the actual risks. 

The detcetions of BEHP were found upon eloser examination of sample and blank results to very li kely to be 
associated with laboratory contamination. The lone detection of MTBE in the on-site well s would appear to be 
associated with migration of the upgradient contamination as MTBE is not associated with the Site. 

4.9.1 A Seleclion ofChemicals ofPOlenlial Concern for Analysis in Ihe HHRA 

A conscrvat ivc screening was used to select COPCs for each exposure medium_ Highly conservativc screening 
levels were uscd to select which COPCs would be carried through thc risk asscssment. The screening criteria 
used for groundwater were developed for a residentia l drinking water cxposure scenario. Given the small 
number of wells and sampling results available for certain analytes, a constituent was conservatively retained as 
a COPC in groundwater for this HHRA when it was only detected in one well at one point in time if that single 
detec ted concentration excccded the relevant screening criterion. Both MTBE and arsenic were retained as 
COPCs based on one detec tion in one well at one point in time. In both of these cases, the lone detected 
concentration exceeded the Screening Toxicity Yalue. Given that there wcre cases of an analyte be ing detected 
in a sample but not in its duplicate , there is uncertainty as to whether these lone detections arc real. 
Comparisons to background concentrations were not used to elim inate any constituents from quanti tative 
consideration in the HHRA. Overall, the COPC screening process appl ied fo r this assessment resulted in the 
conservative inclusion of constituents as COPCs. 

4.9.1.5 Backg round Concentralions 

Only one well was identified as being representative of background conditions relative to the OU2 groundwater 
(MW-25B). This well was sampled quarterly by GE for YOCs, manganese, and PCBs from July 2007 through 
October 2008 due to project-specific objectives related to OU I. In addition, fu ll Target Compound ListfTarget 
Analyte List (TCLfT AL) sampling is conducted biennially in during September/October. The sampling 
frequency fo r monitoring we ll MW-25 was changed after October 2008 from quarterly (0 once a year in 
September/October so that it coinc ides with the biennial TCLfT AL monitoring events. Although arsenic , iron, 
and aluminum were identified as COPCs, they arc not linked to or associated with a specific on-site or OU I 
source. As such, their presence in the OU2 groundwater is likely to be due to natural occurrence. As noted 
previously, many stud ies of arsenic in New England, New Hampshire, and Hi llsborough County have 
documented naturally occurring arsenic in groundwater in excess of 10-20 IlgiL at many locations in and around 
Milford (and as high as 30 Ilg/L in parts of southeast em New Hampshire) due (0 the local li thography and 
physiochemical conditions in the soil (Ayotte et al., 1999; USGS, 2003; Robinson and Ayotte, 2007). The 
single detection at I I Ilg/L is believed to be due to natural causes. This singlc result became the EPC for arsenic 
and was a significant contributor to the projected cancer and non-cancer risks associated with potential future 
uses of the groundwater. 

4.9.2 UnCerlainlies Associaled wilh the Exposure Assessment 

Reasonable max imum exposure scenarios were identified for each receptor of interest and corresponding 
exposure parameters were selected in relation to the potential intakes from the ingeslion, dermal absorption , and 
inhalation of groundwater contaminants. The most likely future use of Keyes Field is its presem usc as a 
munic ipal park. As such, the future Park Worker and future Park User were the most directly relevant receptors 
of interest. Site-specific exposure parameters were adopted in consideration of actual schedules fo r park 
ava ilability, park features , and observations of the age charaetcristics of the Park Users. As such, these 
parameters are bel ieved to be very reasonable and representative of current Park Workers and users. 
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The park is currently serviced by a municipal wate r supply that does not draw on the OU2 groundwater as a 
source. The HHRA was perfonned for the future Park Worker and future Park User assuming that the local 
groundwater wou ld once again in the future be used as a municipal supply and provide the drinking watcr and 
anc illary water needs (e.g. , washdown, irrigation, filling the pool) of the park. It must be emphasized that the 
risk results for these two receptors assumes these groundwater uses and potential exposures that are not 
current ly occurring. These hypothctical exposurcs reflect a conservatively high level of exposure for thcsc 
reccptors in a park sccnario. 

Residentia l reuse ofthc park land is considered to be very unl ikely due to the existcnce of the park and the 
likel ihood of flood ing in thi s low· lying area next to the Souhegan River. The projected ri sks for a hypothetical 
future Adu lt and Child Resident were calculated to establ ish a baseline fo r unrestricted groundwater usc. 
Inhalation of volatile constitucnts in the groundwater for these hypothetical future res idential reccptors was 
modeled using the US EPA Region l·recommended Andc1man approach that es timates the average 
concentration of liberated volatiles in air from the full range of houschold water uses (e.g. , showering, 
laundering, dish washing). As such, the risk contributions from thi s pathway arc not likely to have been 
underestimated. 

Dermally absorbed doscs were calculated for every COPC, regardless of whether all of thc required intake 
parameters were available in RAGS Part E. Appropriate estimation tec hniques and alternate sources of chemical 
properties were used to fill the parameter gaps and allow the dermal intakes to be calculated. Usc of this 
approach may have led to an over·estimation of the risks assoc iated with potent ial dennal exposure to the 
groundwa ter. 

4.9.3 Uncertainties Associated with Ihe Toxicity Assessment 

The hierarchy of toxicity value resources recommended by USEPA (USEPA, 2003) was used to compile the 
required toxicity facto rs for idcntificd CO PCs. The fu ll hierarchy was used in the compi lation; howevcr, most 
of the toxicity values were taken from the first tier reference, IRIS, USEPA ' s toxicity database . A few Tier 2 or 
Tier 3 toxicily values had to be adopted from other USEPA sources or taken from the noted references. Most 
notable were the Tier 2 PPRTV RIDo values for aluminum and iron, and the RfC for arsenic and the Tier 3 oral 
CSF and UR values for MTBE from CaIEPA. These val ues refl ect greater uncerta inty and built·in conservatism 
and their usc is likely to have led to an over·estimation of risk for these constituents. 

Considerable uncertainty can be associated with qualitative (hazard assessment) and quantitative 
(dose·response) evaluations. Hazard assessment characterizes the nature and strength of the ev idence of 
causation or the likel ihood that a chemical that induces adverse effects in animals will induce adverse effects in 
humans. Hazard assessment of carcinogenicity is currently cvaluatcd as a weight·of·evidence determination, 
using USEPA ( 1989) classifications. Positive results in animal cancer tests suggest humans may also manifest a 
carcinogenic response, but animal data cannot necessarily be used to predict target tissues in humans. In the 
hazard assessment of non· carcinogenic effects, positive animal test results may suggest the nature ofpossible 
human effects (i.e., target tissues and type ofcffects) (USEPA, 1989). 

4. 10 Summary and Conclusions 

The quantitative risk assessment pcrfonned relative to potential exposures to the on·site groundwater focused on 
a future Park Worker, a futu re Park User, and hypothetical future Residents who could be exposed to the on·site 
groundwater as tapwater in a domestic setting if the Keyes Well were to be re·activated and the groundwater 
used to supply the public water system. The exposure scenarios evaluated for the future Park Worker and the 
future Park User assumed that all water used at the park for all needs (e.g. , drinking, irrigation, washing, fill ing 
the pool) would come from the on-site groundwater. This included potentia l ingestion (i.e. , drink ing) as well as 
potentia l denTIal absorption exposures due to direct contact with the groundwater during these uses. It must be 
emphas ized that the waler currently available at the park is municipally supp lied from other sources (i.e. , not the 
on-site groundwater). The calculated risks for the future Park Worker and the future Park User under these 
potentia l future exposure scenarios did not exceed the USEPA cancer ri sk reference range or non-cancer 
thresholds. The calculated risks for the hypothetical Resident (adult and chi ld) under the scenario of the on-site 
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groundwa ter as a municipal water supply did exceed both the USEPA cancer risk reference range and the non­
cancer HI threshold. However, the exceedance of the USEPA cancer risk reference range was almost enlirely 
due to a one time detection of arsenic at a concentration just over the detection li mit and MeL standard. This 
detec tion ofarsenic was dctennined to likely to be due to the naturally occurring arsenic in the area's bedrock 
and lithology. The only other compound in the on-site groundwater that cOnlributed to any sign ificant degree to 
thc calculatcd risks was MTBE. However, MTBE was only dctccted in one wcll in 2007 and was very likcly 
due to upgradicnt off-site sources that are currently being addresscd. The lone dcteclion of MTBE contributed 
to fu ture risk, however (he future groundwater risk would be expectcd to ac tually decrease with (he expectation 
that no additional detections of this compound will be found due to the on-going work to address and monitor 
this upgradicnl source. As such, the MTBE is not indicated to be duc to any relcase from the Fletcher's Paint 
Superfund Site and is not expected to pose a long-term concern if upgradient sources continue to be addressed 
and monitored. 

The screcning level risk assessment perfonned relative to the upgradicnt groundwater revealed that this 
groundwa tcr has or is likely to have contaminant levels that excced thresholds for a public drink ing water 
supply. Characterizations of the hydraulic conductivities in the overburdcn and in the underlying bedrock 
(USGS, 1996) suggest that a cone of depression wou ld likely be created if the Keyes Wel l were to be re­
ac tivated to extract water for use as a public supply. This pumping wou ld be likely, based on past experience, to 
draw groundwater from these upgradient locations and re-contaminate the on-s ite groundwater_ A Keyes We ll 
re-activation secnario should not be considered until the various sources of (hc upgradicnl contamination arc 
identified and remediated. It is assumed, given the ongoing remediation and groundwater monitoring efforts 
associated with the Xtramart site under the NHDES regulations (NHDES Sitc No. 199404027), that the 
contamination associated with the Xtramart property is unlikely to impact Keyes Field groundwater in the future 
if the Keyes Well remains inactive until this off-site source has been remediated. 
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5.0 SUMMARY OF SOUHIGAN Rl YE R INVESTIGATIONS 

The summary presemed in Ihis section was compilcd primarily from the Field Repon of Sediment Sampling on 
the Souhegan River (Woods Hole Group, 2005), Souhegan River Supplemental Investigation Data Summary 
Report (ARCADIS, 2007), and BHHERA (Battelle, 20 11). Thi s section descri bes the prev ious investigations 
that were conducted at in the Souhegan River study area and summarizes the resulting ana lytical data. 

Analytical chemistry data from the Souhegan River study area havc been collec ted from 1991 (hrough 2007. 
Data collected betwecn 1991 and 1994 were used to support the RI and previous risk assessmcnts (ADL, 1994a; 
1994b; 1997). Historic investigations indicate that PCB, VOC, SVOC, and heavy metal contamination has 
migrated to the ri ver via former Fletcher's Paint manufacturing activities, improper storage of drums, and runoff 
from the Elm Street Area, as well as surface water runoff from Mi ll Street, through the drainage ditch/culvert 
system. 

Table 5-1 summarizes the historic investigations conducted for the Souhegan River study area. The locations 
and sample types fo r the 2004, 2006, and 2007 investigations within the Souhegan River study area are 
presented in Figure 5-1. The samples were assigned to Areas A, B, and C depending on whether they were 
adjacent to, downstream from, or upstream from the Elm Street Area, respecti vely. All data used in the risk 
assessments (i.e. , 2004, 2006, and 2007 datasets) arc provided in summary tables in Appendix A of the 
supplementa l BHHERA (Batte lle , 2011). 

5.1 Historical Data - 1990s Investigations 

Sampling acti vities in the I 990s invo lved the collection of sediment and surface waler samples from 22 

locations w ithin the Souhegan River for miscellaneous analyses. Most of the samples were collected between 

199 1 and 1993, and additional surface water and sediment samples, as well as biota samples, were collected in 

November 1994 to support the previous BHHERA and RI (ADL, 1994a, 1994b; 1997). Included in this dataset 

were biological samples from severa l species of fish captured in the Souhegan River. These samples included 

the collec tion of 20 fi llet samples, 20 offal (i.e. , the carcass remaining after removal of the fi llets) samples, and 

40 whole fi sh samples for analysis of pesticides and PCBs. Twenty mussel samples were also collected for 

analysis of pestic ides and PCBs. 


In addition to data collection activities, ecological assessment studies were also conducted during the I 990s. 

The Preliminary Ecological Assessment (ADL, 1994b, 1997) evaluated ava ilable analytical data fo r sediment, 

surface water, and tissue; and calculated both total site and incremental ecological risks to ecologica l receptors. 

This assessment idemified sign ificant risks to both benthic and pelagic organisms assoc iated with exposure to 

PCBs and pesticides. In addition, these reports concluded thatthcsc eomaminants of potential concern (COPCs) 

posed a bioaecumulation hazard to wildlife species (including the same representative species evaluated in this 

report) that were exposed to the aquatic food chain in the vicini ty of the Elm Street Area. These investigations 

identified elevated risk quotients for benthic and pelagic biota and upper trophic level receptors from exposure 

to polychlorinated biphenyls (PCBs) and pesticides (ADL, 1994a; 1994b; 1997). PCBs also contributed the 

majority of potential cancer risk to humans from Souhegan River sediments (ADL, I 994a). 


5.2 2004 Investigations 

In 2004, supplementa l sediment investigation activities were performed on beha lf of USE PA in the section of 
the Souhegan Ri ver immediately adjacent to the Elm Street Area. Surfic ial sediment samples (top three inches) 
were collected from 3 1 sampling locations (Figure 5-2) and analyzed fo r PCBs, polycyclic aromatic 
hydrocarbons (PAHs), pesticides, metals, and VOCs. Elevated PCB concentrations were found in the 
sediments collected near the Elm Street Area. Woods Hole Group Environmental Laboratories (WHGEL) was 
contrac ted by the CENAE to perform sediment sample co llection activities and chemistry analyses (WHGEL, 
2005). 

Table 5-2 presents the analytical results for all sediment samples collected during 2004. The results were 
compared aga inst Threshold Effects Concentrations (TEC) and Probable Effects Concentrations (PEC) for those 
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ana lytes with establ ished TEe and PEe values. TEes and PEes arc consensus-based sediment quality 
gu idelines (SQGs) deri ved from previously-published numerical SQGs for freshwater ecosystems. TECs 
provide a basis for predicting the abscnee of sediment toxicity, w hereas PEes provide a basis for prcdicting 
sediment toxicity. Both TECs and PECs are derived from SQGs that are based on biological effects, therefore 
they can be used to assess the potential for and spatial extent of harm to sedimelll-dwell ing organisms. 
(MacDonald et ai, 2000). 

5.2.1 PCBs 

The 2004 data indicates that PCB contamination was still preva lent in the sediment particularly adjacent to Elm 
Street Area. Ten of the 3 1 sediment samples had PCB levels above the TEC criteria of 0.060 mglkg, and eight 
of the 31 samples had PCB levels above the PEC criteria of 0.676 mglkg. Contaminant eoncenlrations were 
compared to the consensus based screening criteria presented in MacDonald et a I., 2000 to determine ifany 
contaminants exist at elevated levels or if any contaminants pose a threat to aquatic biota. The highest PEC 
exceedances fo r total PCBs occurred at sampling locations adjacent to the Elm Street Area: SO-13 (36.3 mglkg), 
SO-IS (7.35 mglkg), and SO-08 (15.0 mglkg). Of the three sediment samples that were collected downstream 
of the Elm Street Area, PCBs were not dcteeted at two locations, whi le one location (SO-34) had total PCBs 
levels be low the TEC criteri a (Gomez and Sullivan, 20 I I). 

5.2.2 PAHs 

Ten of the 3 1 samples had PAH levels above the TEC criteria with no detections above the PEC criteria. 
Parameters of conccrn include bcnzo(a)anthraccne, benzo(a)pyrcne, chryscne, and phenanthrene. No TEC 
cxcecdances were observed in the three sediment samples downstream of the Elm Street Area (SO-30, SO-32, 
and SO-34). 

5.2.3 Pesticides 

Pestic ides were not detected at any of the 31 sample locat ions. 

5.2.4 Metals 

Only one sample had a TEC exceedance for metal s. Arsenic was detected at I I mgfkg at location SO-22, 
adjacent to the Elm Street Area. No detections were found above the PEC criteria fo r metals. 

5.3 2006 Investigations 

A sediment probing survey was conducted, and additional sediment and fish tissue data were co llected in 2006 
by US EPA and GE to more fu lly characterize the current nature and extent of PCB contamination in the 
Souhegan River adjacent to the Elm Street Area and downstream as far as the Goldman Dam (ARCADIS, 
2007). The 2006 fish and sediment sampling locations arc presented in Figure 5-3. 

5.3.1 Fish Invesligations 

Fish tissue samples were coll ected from all three areas of the Souhegan River (Areas A, B, and C) fo r a total of 
115 samples. A summary of the fi sh collection infornlation, including location, spec ies, length, and weight, is 
provided in Table 5-3. Species of fi sh included redbreast sunfish (Lepomis aUfitus), yellow and brown 
bu llheads (Ameillnts nalalis and A. nebulosl/s, respectively), and white sucker (Calostomlls commersonii) 

The samples were spl it by a US EPA-associated laboratory and analyzcd for PCB congeners. The split samples 
were submitted to a OE-assoc iatcd laboratory for the analysis of PCB Aroc lors, metals, pesticides, PAHs, and 
percent lipids. Specificall y, 57 of the 115 samples (including 18 adult redbreast sunfish, 21 aduh yellow 
bu llhead, and 18 composite white sucker forage fish samples) were sent to Nonheast Analytical , Inc. (NEA) 
located in Schenectady, New York (ARCADlS, 2007). NEA was under contract (oOE. The remaining 58 
samples (including 18 adult redbreast sunfish, 18 adult yellow bullhead, four adult brown bullhead, and 18 adult 
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white sucker samplcs) were sent to Alpha Woods Hole Laboratory (AWHL) located in Westborough, 
Massachusetts. A WHL was under contract to the CENAE. 

Table 5-4 presents the PCB Aroclor data, PCB congener data, and percent lipids data for the 36 sport fish 
samples ( 18 redbreast sunfish and 18 yc ll ow bullhead) analyzed by NEA and A WHL. This table also includes 
PCB Aroclor and percent lipid data for the 18 composite forage fish samples (white sucker) ana lyzed by NEA. 
In addition, although the four brown bullhead and 18 individual who le-body white suckers were sent to A WHL 
for potential usc as substitute spceies in thc cvent that sufficient sport fish samples or tissue mass were not 
collected 10 perfonn the required analyses, these fish were ana lyzed by AWHL for PCB congeners and also by 
NEA for PCB Aroclors. The data for these extra analyses are a lso ineluded in Table 5-4 (A RCA DI S, 2007). 

The PAH, organo-ehlori ne pesticide, TAL metals, and percent lipids data for the 39 sport fish samples (18 
redbreast sunfish and 21 yellow bullhcad) and 18 composite forage fi sh samples (white sucker) analyzed by 
NEA arc presented in Table 5-5. 

5.3.2 Sediment Probing Survey 

The supplemental sediment investigation activities were perfonned in two sequential phases (i.e. , sediment 
prob ing followed by sedimcnt sampling) upon completion of the fi sh collection activities. First, sedimcnt was 
probed along transects establ ished at regular intervals along an approximate I-mi le long section of thc Souhcgan 
River, extending from the Goldman Dam located approximately IiJ mile downstream from thc Elm Strect Area 
to about IiJ mile upstream from the Elm Strcet Area (ARCADIS, 2007). 

In summary, sediment probing activitics were perfonned along 23 tOla l transects within the study area at thc 
locations shown on Figure 5-4. At each transect location, the locations of the edge of water, incl uding the date 
and time they were located, were documented and sediment was probed at each edge-of-water location. 
Transect endpoints (i.e. , top of bank) were surveyed for geographic reference, and the sediment thickness and 
water depth was measured at approximately eight regular interva ls across the ri ver channel. Finally, any other 
physical changes in the rivcr channel (c.g., boulder fields, small islands, etc.) were also documentcd in the field 
notes (ARCADIS, 2007). Thcsc fcatures arc included on Figure 5-4. The results of the sediment probing 
ac tivities along the 23 transects are presented on Table 5-6, whi le transect descriptions and observations arc 
presented on Table 5-7. The sediment thickness just upstream of the Goldman Dam (Transect I) ranges from 
none to approximately two feet , while the maximum observed thickness of almost nine (9) feet was adjacent to 
the Elm Street Area (Transect 15). 

Between surveyed transects, the river channel was observed, and significant variations in the sediment bed (i.e., 
sediment depos its, as further descri bed below) were descri bed and located in the field re lative to the transect 
locations. Sediment deposits identified during the sediment probing activities were characterized with respect to 
texture (e.g., fine versus coarse) as well as localized geomorpho logic characteristics of the river, incl uding 
channe l geometry, terraces, aggrading bars, and bank slopes. The type of sediment deposit, sediment 
composition, relative presence of organic material, surface area, and average depth (estimated with a probing 
rod) were noted. Based on the results of the sediment mapping, areas and volumes of sediment with similar 
geomorphological naits were estimated to detennine the relative prominence of each. The sediment probing 
activities associated with the sediment deposits arc summarized on T able 5-8. The nansect locations, sediment 
deposits, and other notable physical features are presented on Figure 5-4. 

5.3.3 Sediment Investigations 

Sediment core samples were collected from up to four depth intervals (0-6, 6-12 , 12-24, and 24-56 inches), 
depending on location , from the three areas of the Souhegan River (Figure 5-3). A lota l of42 sediment cores 
were co llected and splil. The samples were analyzed by the USE PA laboratory fo r PCB congeners and by the 
GE labora tory fo r PCB Aroclors, tolal organic carbon (TOC), and percell! moisture. Samples were also 
submitted to Severn Trent Laboratories (STL), under a contract to GE, for the ana lysis of SVOCs, pesticides, 
metals, and grain size. The sediment sampling program and ana lytica l results arc presented in Table 5-9 and 
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summarized below. Complete details arc available in the SOllhegan River Slipplementollnvestigotion Data 
SUI11I11G1Y Reporl (ARCAD IS, 2007). 

PCBs - The results of the 2006 investigation indicate that PCB contamination is sti ll present in the Souhegan 
River in the vic inity of the Elm Street Area. Twenty-three (23) of the 42 sample sites contained total PCB 
concentrations higher than the TEC criteria. Six sites had total PCBs higher than the PEC criteria, ineluding five 
sample locations adjaccnt to thc Elm Street Area (5026, 5027, SEo -2A, T - 15-6, and T -15-7 A), and one site 
j ust upstream of Goldman Dam (T-I-4). The sediment core collected at sample site T - 1-4 was spl it into two 
subsamples represcnting d ifferent depths. The top layer (0-6 inches) was relatively elean with a detected total 
PCB concentration of 0.048 mg/kg, which is below the TEe. The deeper sediment (6-10 inches) had a reported 
total PCBs of 1.4 mglkg, in excess of the PEC criteria (0.676 mglkg). This suggests that historical PCB 
contamination that may have originated from upstream is now located beneath more recentl y deposited sediment 
containing lower levels of PCBs. 

For the other five sample locations that contained PCBs in excess of the PEC criteria, a sim ilar trend of higher 
contaminant levels deepcr in thc sediment column was observed at sample locations 50-27, T -15-6, and T-15­
7A. The highest tota l PCBs concentration (170 mglkg) was detected in the 6- 13 inch depth at s ite SD-27, which 
is adjacent to the Elm Street Area. In addition, total PCB concentrations at sample location T - 15-7 A, which is 
located immediately adjacent to the Elm Street Area, were elevated at each depth interval including a 
concentration of 18 mglkg in the deepest sample collected (48-56 inches). 

Pesticides - Pesticides were detected above the TEC at nine (9) of the 42 sample locations, ineluding sampling 
locations adjacent to and downstream of the Elm Street Area. At one sample location (50-27), the pesticide 
heptachlor epox ide was detected in exceedanee of the PEC criteria at the 6- 13 inch depth, similar to the elevated 
levels of PCBs detected at that location. Other analytes detected above the TEC criteria include DDT and 
derivatives, endrin, and lindane (gamma-BHC). 

PAHs - Various PAHs were detected at levels above their TEC criteria at 22 of the 42 sampling locations, 
including upstream, adjacent to, and downstream of the Elm Street Area. 

Metals - Arsenic, cadmium, chromium, and lead were each detec ted in at least one sample at a concentration in 
excess of its TEC criteria. Lead exceeded the TEC at sites upstream, adjacent to, and downstream of the Elm 
Street Area. Arsenic and cadmium were detected above the TEe at upstream and downstream sites, while 
chromium was detected above the TEC at only one sample location (T-6-8) below the Elm Street Area. None of 
the detections fo r metals exceeded the PEe. 

5.4 2007 Investigations 

In June 2007, the US EPA and USACE collected additional sediment and river bank soil samples from the 
Souhegan River study area fo llowing a significant flooding event in Apri l of that year. Nine (9) sediment and 
14 ri ver bank soil locations were sampled as shown on Figure 5-5. Samples were collected at 0-6 inches at all 
locations and 6-12 inches at severa l locations. Surface soi l samples were all collected with in the 0-12 inch zone. 
The purpose of the investigation was to obtain supplemental data to support the boundary of the contamination 
and to detennine if the significant flooding event in April 2007 had re-deposited contaminated sediments onto 
the river banks (USACE, 2007). 

The samples were ana lyzed fo r PCB Aroclors and congeners and the results arc presented in Table 5-10. The 
results of the sediment sample analysis indicate exceedanees ofthe TEC cri teria for PCBs at two sampling 
locations adjacent to the Elm Street Area (SD-36 and SD-42). Samples were also collected from a site just 
upstream of Goldman Dam (50-35), similar to the sample collected in 2006. The 2007 resul ts suggest a similar 
pattern of PCB contamination immediately upstream of the Goldman Dam. The top layer (0-6 inches) was 
relatively clean having a tota l PCBs concentration of0.029 mglkg. The deeper sediment (6-10 inches) had a 
total PCBs concentration of 0.69 mglkg, which is slightly above the PEC criteria. 
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Four (4) surface soi l sampling locations had detections of total PCBs in excess of the TEC; however, none of the 
samp les exceeded the PEe. The maximum surface soil concentration of PCBs was 0.380 mg/kg at sample 
location $$-14. 

5.5 Exposure Area Determination 

The previous risk assessments identified elevated risk quotients for benthic and pelagic biota and upper trophic 
level receptors from exposure to polychlorinated biphenyls (PCBs) and pesticides (ADL, 1994a; 1994b; 1997). 
PCBs also contributed the majority of potential cancer risk to humans from Souhegan River sediments (ADL, 
1994a). Based on these prior findings , the focus of the supplemental BHHERA was on PCB contamination 
(Battelle, 20 1 I). The spec ific objectives of the BHH ERA were as fo llows: 

• 	 Review all data collected to understand the nature and ex tent of PCB contamination in the Souhegan 
River impacted or potentially impacted by au I; 

• 	 Usc recently collected surface sediment (0-6 inch depth only) and fish tissue data (2004, 2006, and 
2007) to quantitati vely evaluate the risks to human health and ecological receptors as a result of their 
direct contact with these areas of the river and ingestion of fi sh tissue caught from these areas; and, 

• 	 Qualitatively review surface water, soil, and subsurface sediment data to assess the potential for risks to 
human and ecological receptors from ex posures to these media. 

Samplcs fo r the investigations of the Souhegan River study area were collected from a portion of the Souhegan 
River stretching from approximately 2,000 feet upstream from the northern boundary of the Elm Street Area to 
2,400 feet downstream from the Elm Street Area to the Go ldman Dam. For the purpose of the BHHERA, these 
samples were ass igned to Areas A, B, and C depending on whether they were adjacent to, downstream from, or 
upstream from the Elm Street Area, respectively (Figu re 5-1). 

Because of the inability to distinguish between Areas A and B both physica lly and based on sediment chemical 
concentrations in the surface sediment (0-6 inch depth), these two areas were combined fo r the BHHERA 
(Battelle, 20 II ). On a smaller spatial scale and because of geographic pattcrns in sediment chemica l 
concentrations, a subset of samplcs within Area A was assessed scparately for risks to human and ecological 
rceeptors. A preliminary review of the data for total PCBs that wcrc eolleetcd in 2006 and 2007 indicated a high 
variability in concentrations of total PCBs, TOC, and grain size in sediment samples collected between the Elm 
Street Area and the Goldman Dam. As such, there was no qualitative difference in the range of sediment 
concentrations in the surface samples (0-6 inch depth) detected in the two areas, which made it difficult to draw 
a boundary line separating the two areas and determine which areas to place the 10 samples into that were taken 
between Areas A and B (Sample IDs: T -11-7-A, DEP-5, T-I 0-6, DEP-4, T-9-4 , T -9-7-A, T -8-7-A, T-7-8, T-6­
2, and T -6-8). There are also no physical barriers between Areas A and 8. Because the two areas are not 
physically or ecologically independent of each other, no justification could be made for drawing a distinct line 
between the m. Therefore, fo r the purposes of the BHH ERA, sampling Areas A and B were combined into a 
single exposure area (Area AlB). In lieu of defining Areas A and B as being separate, a statistical outlier 
analysis was done to identify a Hot Spot Area adjacent to the Elm Street Area where PCB concentrations are 
significantly elevated. 

A subset of elevated surface sediment PCB concentrations immediately wi thin thc vicinity of the Elm Street 
Area was evaluated in addition to the entire Area AlB in both the human health and ecological risk assessmcnts. 
This area inel udes the Rope Swing Area used reereationally by human receptors and was defined by samples 
with elevated PCB concentrati ons that arc statistically significantly di fferent from nearby samples based on 
outl ier tests at the 0.05 signi ficance level. A total of 17 samples were determined to be significantl y statistica ll y 
different (elevated concentrations) and an additional nine samples (not statistically elevated) were located 
spatially within the Hot Spot Area. In total, 26 samples were included in the analysis of the Rope Swing/Hot 
Spot Area (Figure 5-6). Although one surface sediment sample in Area 8 (T -2-8) was statistically significantly 
different, {he elevated PCB concentration (0.5 Ilglkg) was isolated to Ihis one sample in Area B and, therefore , 
was not included in the Hot Spot Area in Area A. Additional su rface sediment samples collected in Area B 
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showed much lower PCB concentrations and the elevated PCB concentration in this one sample in Area B was 
deemed an outl ier. 

The fi ve samples collected in 2006 upstream from the Elm Street Area (above the footb ridge) arc considered to 
be un-infl uenced by historic activities associated with the Fletcher's Paint Superfund Site and grouped into Area 
C as background locations. 

In summary, exposure areas for the BHHERA were grouped as follows: 

• 	 A group of samplcs from Areas A and B into one exposure area (Area AlB); 

• 	 A subset of samplcs with statistically elevated PCB eoneenlrations in ri ver sediment within Area A in 
the immediate vicin ity of Elm Street, coincident with an area of unacceptable human exposure (Rope 
Swing/Hot Spot Area); and 

• 	 Area C (i.c., background locations) consisting of sample locations DEP-ll , T-22-3 , DEP-IO, T-20-7-A, 
and DEP-8. 
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6.0 SUMMARY OF SOUHIGAN Rl YE R RISK ASSESSMENTS 

This section presents a summary of the human health and ecological risks fo r the Souhegan River as presented 
in the Fina l Supplemental BHHERA (Battelle, 20 11). Additiona l details regard ing the risk assessments are 
presented in Fina l Supplemental BHHERA (Battelle, 20 11). 

6.1 Human Health Risks 

The purpose of the Baseline HHRA for the Souhegan River was to estimate the potential risks (cancer and 
noneaneer) assoeialcd with human contact with contamination, principally PCBs, in the Souhegan River in the 
vic inity of the of the Elm Street Area for current and reasonably antic ipated future uses. 

For the purposes of the Baseline HHRA, the Souhegan River portion ofOU2 was divided inro three exposure 
areas of eonccrn: 

• 	 Ar ea AlB - Area A is dircetly across from the Elm Street Area, downstrcam of the footbridgc at Kcycs 
Field; Area B is located downstrcam of the Elm Street Arca to the Goldman Dam impoundment; 

• 	 Ar ea C - background area, located upstream of Area A; and 

• 	 Rope SwingfHot Spot Area - An area of statistically elevaled PCB conccntrations in Arca A that 
includes a deep pool across from the Elm Street Area where a rope swing is located. 

Only exposures to surficial ( i.c. , 0-6 inch below ground surface) sediments and fi sh tissue werc quantitat ively 
evaluated. The cxposure scenarios evaluated consisted ofchild, adult, and adolescent recreational users engaged 
in sediment contact activities that ineluded angling/wading, swimming, rope swing use, and ingesting fish 
(spec ifically the fi llet portion of redbreast sunfish) caught from the Souhegan River. Exposures to other media 
(i.e., subsurface sediment, bank soil , sandbar soil, and surface water) were qualitatively evaluated. 

With the exception of cancer risk from arsenic due to direct sedimenr contact exposures, only PCB-related (e.g., 
total PCB, diox in-like PCB toxic equivalency (TEQ), and non-dioxin- like PCB plus diox in-like PCB) exposures 
resulted in cancer risks greater than 1 E-06 and His greater than one and therefore exceeded EPA's risk criteria. 
Given that arsenic cancer risks estimated for Area C were greater than those for Area AlB, it is likely that risks 
from arsenic arc due to background conditions or can be attributed to an upstream source. 

RME cancer risks from PCB-re lated COPCs in the vicinity of the Elm Street Area (i.e. , Areas AlB and Rope 
Swing I Hot Spot Area) arc summarized below. 

CO PC 
PC B-related C ancer Risks ­ RME C ase 

Sediment C ontact (0-6 inches bgs) Fish 
Consumer Angler/Wader Swimmer Rope Swinger 

Total PCBs 2E-06 to 4E-06 
4E-06 to 6E­

06 
I E-06 to 4E­

06 
2E-04 to 3E-04 

TEQ IE-07 IE-07 3E-06 2E-05 
Non-diox in-like PCBs 
p lus d iox in-l ike PCBs 

3E-06 6E-06 7E-06 4E-04 

05401-06 Fina l Remediallnvl!Stigation Rcpon 6·' September 2011 
OU2. Fletcher's Pai nt Works and Storagc Facility. Milford, Nil WLD0676 



---

---

---

Watermark 

RME HIs from tota l PCBs in the vicinity ofthc Elm Street Area (i.e. , Area AlB and Rope Swing / Hot Spot 
Area) are summarized below. 

Total PCB Haza rd Q uotients/I ndices - RME Case 
Receptor Sediment Contact (0-6 inches b2S) 

Anglerl\Vad er Swimmer Rope Swinger 
Fish Consum er 

Ch;ld 0.3 to 0.5 0.3 to O.S NE 20 to 31 
Adolescent NE NE 0.3 to 0_8 NE 

Aduh 0.1 to 0.2 0.2 to 0.3 NE 10 to 15 

For both cancer risks and noncancer hazards, subtracting background risk contributions from Area AlB and 
Rope Swing Area risks would result in a negligible change in the risk resu lts. 

Central tendency estimate (CTE) results followed the same patterns as the RME, but direct sediment contact 
cancer risks were all below I E-06 and total His for the ehi ld and aduh were less than one. For fi sh ingestion, 
the CTE total cancer risks for total PCBs ranged from 4E-05 to 6£-05, fo r TEQ was 3£-06, and for non-dioxin­
like PCBs plus diox in-like PCB congeners the cancer risk was 7£-05. The total PCB HQs for the chi ld and 
adult Fish Consumers ranged from 6.1 to 9.4 for the child and from 3.1 to 4.8 for the adult. 

Qualitative evaluations fo r PCB exposures in Area AlB for bank so il , sandbar soil, and surface water indicate 
that it is unl ikely that di rect contact exposure to these media would lead to unacceptable adverse health effects 
from PCB-related COPCs. 

A qualitative analysis of the subsurface sediment (interva ls ranging from 6-56 inches hgs) was performed to 
account for the possibility that scouring events expose the underlying sediment. Max imum detected 
concentrations of PCB-related COPC concentrations at depth were equal 10 or greater than the surficial sediment 
exposure point concentrations (EPCs) used in this risk assessment. The tab le below summarizes the potential 
cancer ri sks and noncancer health hazards from the maximum concentrations detected in the 6-56 inch depth 
interval. The max imum PCB detection occurred in the six to 14 inch interval, resulting in a cancer risk to the 
Swimmer ofgreater than I E-04. 

PC B-related RME Cancer Risks for Sediment at 

Depth (6-56 ;nches bgs) 


cope Total Cancer HI 
Risk (child/adult where applica ble) 

Area AlB - Swimmer 
Total PCBs 1E-OS to 2E-04 19/ 12 

TE 6E-07 to 1 E-05 --­
Non-dioxin-l ike PCBs plus dioxin-like 

1E-OS to 2E-04 
PCBs 

Area - Rope Swiu Rope Swin er 
Total PCBs SE-05 12 

TEQ 3E-06 
Non-d ioxin-l ike PCBs plus dioxin-like 

6E-05
PCBs 
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In summary, the findings of the human heahh risk assessment are thaI: 

1) 	 cancer ri sks and hazard quotients from the consumption of rccrcationally caught fish arc higher than 
EPA' s risk criteria of IxlO-6 to lxlO-4 excess cancer ri sks and a hazard index of I for non-cancer risks; 

2) 	 cancer risks from thc recreational sccnarios invo lving dircct contact with surface sedimcnts (i.c., 
angling, wading, swimming, and rope swinging contact with scdiments 0-6 inches bgs) are higher than 
EPA cancer ri sk criteri a, but have a non-cancer risk less than a hazard index of one, and 

3) 	 should subsurface sediments become exposed (e .g., due to eros ion), cancer risks and hazard quotients 
from the rccreational scenarios involving direct contact with subsurface sedimem (6-56 inches bgs) may 
exceed EPA ri sk criteria. 

6.2 Ecological Ri sks 

Risks to ecological receptors including benthic invertebrates, fi s h, and upper-trophic level wi ldl ife receptors 
were evaluated in this supplemental baseline ecological risk assessment (SERA). Fish were represented by 
white sucker, redbrcast sunfish, and salmon fry ; upper-trophic level wi ldlife receptors werc represented by the 
belted kingfi sher, mink , and green heron. 

Desp ite the detection of a few pcsticides wi th elevated concentrations in surface water during the I 990s, thc 
surface water ingestion pathway docs not likely represent a substantial exposure pathway to contaminants 
related to Fletcher' s Paint Superfund Site for any receptors evaluated. Rather, the major pathways for ecological 
receptors arc direct exposure to sediment (benthic invertebrates) and the sediment and fish tissue ingestion 
pathways (fish and wi ldl ife) , with a significant portion of observed risk to wildl ife receptors co ming from the 
latter. In addition, there is a low ri sk from exposure to bank so il s that may be inundated with flooded rive r 
water during high flow events. In the even ts of potential sediment scouring, subsurface sediments could posc 
the potent ial for significant ecological risk if receptors are exposed to these sediments. 

Ecologica l risks were eva luated using surface sediment and fi sh ti ssue data collected from two areas potentially 
affected by contamination (Areas A and B) and one background area (A rea C). In addition, a Hot Spot Area 
was identified near the fonner source of PCBs to the Souhegan River, where a statistical analysis indicated that 
PCB concentrations were significantly elevated compared to nearby samples. Surface sediment from the top six 
inches was quantitati vely evaluated in the supplemental BERA; subsurface sediment (between six and 56 inches 
in depth) was qualitatively evaluated. 

Several data gaps were idcntificd for this assessment, ineluding limited avai lable data particularly for PCB 
congeners. The ri sk analysis conducted using the available measured PCB (including limited congener) data 
was supplemented using a regression-based approach to estimate congener concentrations. Although improving 
spatial coverage for determining exposures, the supplemental approach was determined to introduce 
unacceptable uncerla inty to the assessment and was provided in the BHHERA (Battelle, 20 I I) for comparison 
purposes only. Furthermore, exposure areas A and B were combined into one exposure area (Area AlB) for 
sample grouping and exposure calculat ions because these areas were determined to represent a single ecological 
exposure a rea, and the high variabil ity in the data prevented del ineation of the boundary between [he two areas 
based on sediment chemical and physical characteristics. The Hot Spot Area, located within Area A, was 
eva luated as a second exposure area for the ecological risk assessment. 

PCBs, which are the primary COPCs, have the potential to bioaccumulate and be transferred through the aquatic 
food web 10 upper trophic level receptors. Therefore, PCBs in sediment may present an unacceptable risk to 
wi ldlife, as well as fi sh and invertebrates , from multiple exposure routes. The potential for PCB chemicals to 
bioaccumulate in fish tissue from sediment, measured as the nomlalized ralio of fi sh lissue concentrations to 
sediment concentrations and represented by a biota-sediment acc umulation factor (BSAF), was determined to be 
lower than olher sites with PCB contamination. 

Overa ll , risks to benthic invertebrates are mainly attributed to PCBs in surface sediment, fo llowed by pcstieides. 
Based on HQs greater than 1.0, indicating a potential for adverse effec ts, there is risk to benthic invertebratcs 
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from exposure to mean and maximum concentrations of individual COPCs in surface sediment for the following 
chemicals: 

COPC 
HQ for 

maximum 
concentration 

Maximum Concentration (mg/kg) 
HQ for mean 
concentration 

Value Location Area 

Lead 2.3 81 T-2-8 AlB 0.24 

Silver 1.7 1.7 DEP-4 AlB 1. 2 

Arsenic IA 13 DEP-4 AlB OA9 

Cadmium 9.6 9.5 DEP-4 AlB 0.39 

Total PCB congeners 180 II SED-02A Hot Spot 19 

A lpha- BHC 1.5 0.0091 T-15-6 Hot Spot 0.78 

Seta-SHe 12 0.06 1 T-1 5-6 Hot Spot 1.2 
Gamma-BHC 5. 1 0.012 T-1 5-6 Hot Spot 0.88 

Endrin 4.1 0.0091 SD-27 Hot Spot 4.0 

4,4'-DDD 13 0.065 DEP-5 AlB 2.1 

4,4'- DDE 6.3 0.020 T-15-6 Hot Spot 0. 90 

4,4'- DDT 16 0.066 DEP-5 AlB 2.6 

Endosulfan I 2.7 0.0079 T-15-6 Hot Spot OA8 

Endosulfan 11 1.9 U.U 26 1-1 5-6 Hot Spot U.65 

HPAH 6.8 II DEP-5 AlB 0.74 

LPAH 3.6 2.0 DEP-5 AlB 1.3 

Risks to white sucker, based on CSRs, arc attributed mainl y to metals in sediment, fo llowcd by PCBs. Risks to 
redbreast sunfi sh are also attributed primari ly to metals, with the greatest risk to sunfi sh bei ng from mercury 
body burdens, again fo llowed by PCBs. Risks to invertebrates and fi sh associated with exposure to PCBs arc 
relatively similar in both the Hot Spot Area and in Area AlB, most likely because of the occurrence of sediment 
samples w ithout elevated PCB concentra tions within the Hot Spot Area for the assessment of risks to benthic 
invertebrates and the mobility of fish that would expose these receptors to lower contaminant concentration 
outside of the Hot Spot Area. 

Risks to the upper trophic-level wildlife receptors arc attributed to PCBs, ineluding both total PCBs and dioxin­
like PCB congeners (i.e. , TEQs) mainly from exposure to these COPCs in fish tissue. The assessment of risks to 
wildlife from exposure to PCBs in the tissue of benthic-dwelling fi sh species, represented by white sucker, was 
considered most appropriate for this evaluation because whole body data were available for white sucker. Ri sks 
from exposure to white sucker in Area AlB, expressed as HQs, were identified for both the no observed adverse 
effects levels (NOAELs) and lowest observed adverse effec ts level (LOAELs) and showed low to moderate 
risks as fo llows' 

Ecological Risks Related to 
Ingestion of White Sucker 
within Area AlB cope 

Belted Kingfisher Green Heron Mink 
LOAEL-

Based 
HQ 

NOAEL-
Based 
HQ 

LOAEL-
Based 
HQ 

NOAEL-
Based HQ 

LOAEL-
Based 
HO 

NOAEL-
Based 
HO 

Total PCB (Aroclor) 8. 1 E+OO 1.0E+0 1 8. 1 E+OO 1. 0E+01 4.4E+0 1 5.3E+01 

Total PCB (Congener) 7.0E+00 8.7E+00 6.8E+00 8.5E+OO 3.8E+0 I 4.5E+01 

PCB TE~BI RD 6.6E+00 6.6E+0 1 7.5E+00 7.5E+0 1 NA NA 

PCB TEQ MAMMAL NA NA NA NA 5.9E+00 1.6E+02 
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The greatest PCB ri sk was observed for piscivorous mammals, represented by the mink with HQs two (2) to 
three (3) orders-of-magnitude above unity. Next greatest were PCB risks to avian receptors whic h were two (2) 
orders-of-magnitude above unity, 

The supplememal BERA found that exposure to PCBs in Area AlB for benthic invertebrates, fish , and wi ldl ife 
resulted in substamially higher risks relativc to those estimated for the background area (Area C). Although 
risks to mink from exposure to PCBs in white sucker in background Area C were found to be slightly higher 
than Area AlB, this anomalous finding is due to the presence of two potem diox in-like PCB congeners (i.e. , 
large TEQ) that were uniquely detected in a single fish tissue sample from background Area C. These 
compounds appear to be unrelated to the Fletche r's Paint Superfund Site as they were not detected in surface 
sediment samples during this same sampling eve nt conducted in 2006. Assessment of exposures to COPCs in 
redbreast sunfish ind icated that risk to mink from PCB exposures in Area AlB is greater than exposure risk for 
background Arca C. 

A qualitati ve evaluation of CO PC concentrations in surface water, river bank soi l, and subsurface sediment 
indicated a low potential for adverse effects from exposure to meta ls in surface water, a low potential for 
adverse effects on benthic invertebrates from exposure to PCBs in river bank soil , and elevated concentrations 
of PCBs in subsurface sediment in the Hot Spot Area. Because of the low HQs «\0) and likelihood that 
COPCs in surface water and eroded river bank soil will be diluted within the river, risks from exposure to these 
media is considered negli gible. However, storm events, flooding, and wimer icc flows could create sediment 
instab ility problems and result in scouring of the river bed, exposing sediment w ith higher concentrations of 
PCBs than surface sedimem and elevating exposures and risks to ecological receptors. 

6.3 General Conelusions 

There is unacceptable ri sk to human and ecological receptors from exposure to PCBs in Souhegan Ri ver 
sediments within Area AlB of the Fletcher's Paint Superfund Site. There is ri sk to human receptors from direct 
contact with sediments and fi sh ingestion, with fish ingestion risks being of particular concern. There is also 
risk to benthic invertebrates from exposure to meta ls and pestici des in sediment. The observed risk is 
unacceptable relati ve to background Area C. A PCB Hot Spot Area was identified within Area AlB of the 
Souhegan River study area where there arc statistica lly significant elevated concentrations of PCBs. Within this 
area, there are also elevated concentrations of PCBs in subsurface sedimems that could pose greater risk to 
human and ecological receptors if stonn and flood events, or winter ice flows, expose these deeper sediment 
layers. Consequently, the PCB Hot Spot Area cou ld become dispersed and provide a continui ng source of 
bioavailable PCBs to the Souhegan River if not remediated. 
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7.0 SUMMARY AND CONCLUSIONS 

This section summarizes the investigations and associatcd risks to hWl1an health and the environment associated 
with the Keyes Field groundwater and Souhegan River located in the vic inity of the Elm Strect Area, which 
comprises OU2 of the Fletcher's Paint Supcrfund Si tc. 

7.1 Keyes Field Groundwater 

Groundwater investigations in the vicinity of Keyes Field were initiated as a result of the 1984 closure of the 
Keyes Well. The Keyes Well , located approximately 800 feet northwest of the Elm Street Area, operated from 
1972 to 1984. Subsequent to the closure of the Keyes Well , numerous groundwater investigations have been 
conducted in and around Keyes Field. The initial investigations determined that the most likely sources of 
contamination found in the Keyes Well were the nearby gaso line stations and Fletcher' s Paint Superfund Site. 

Groundwater flow in the vicinity of Kcyes Field is in a north-northeast direc tion across Keyes Field and 
discharges into the Souhegan Ri ver. From the Mill Street Area, groundwater flows north toward Elm Street and 
then north-northwest toward the Souhegan River. Under current, non pumping conditions, Keyes Field is 
locatcd hydraulica lly upgradient of OU 1 and downgradient of the Xtramart gasoline station located on Elm 
Street (Figure 1-1 ). 

Early investigations of Keyes Field groundwater conducted as part of OU I found elevated concentrati ons of 
VOCs (primarily STEX) in severa l of the Keyes Field wells. The highest eoneentrations ofVOCs were 
detec ted along the southern edge of Keyes Field on the northern side of Elm Strect across from the gasoline 
station (currently Xtramart). The OUI RI (ADL, 1994a) concl uded that the VOC contamination observed in 
groundwa ter beneath Keyes Fie ld appeared to have originated from a source near the intersection of Elm and 
West Streets and migrated through the groundwater in a northeasterly direction across Keyes Field (Oward the 
Souhegan River. 

The Xtramart has operated as a gasoline station since 1956 when the property was owned by thc Atl antic 
Richfield Company. The property has been regulated by the NHDES since 1994. Numerous subsurface 
investigations, groundwater monitoring events, and field observations have been completed to determine the 
extent of contamination in soil and groundwater. An SVEIAS remediation system has been in operation at the 
Xtramart since May 2007. Groundwater monitoring of the Xtrarnart well network was routi nel y condueted 
starting in 1996. Elevated levcls of STEX and MTSE that were detected in wel ls along the southern edge of 
Keyes Field for the firs t several years havc declined significantly ovcr thc last seven years. 

Supp lemental groundwater monitoring has been conducted at Keycs Field by G E and USEPA over thc past 
several years. Significant res ults from these sampling events include the detection of MTS E at a concentration 
of 49 )lgfL in KWOI 0 (50 )l glL in the duplicate sample), which exceeds the NH DES standard for MTS E of 13 
)lglL. BTEX has not been detected in any of the on-site wells at Keyes Field in the past three years. 

The quantitative HHRA performed relative to potential exposures to the on-site groundwater at Keyes Field 
focused on a fu ture Park Worker, a future Park User, and hypothetical fu ture Res idents who cou ld be exposed to 
thc on-site groundwatcr as tapwater in a domcstic sctting ifthc Keycs Well were to be re-aetivated and the 
groundwa ter used to supply the public water system. The exposure scenarios evaluated for the future Park 
Worker and the fu ture Park Uscr assumcd that all watcr uscd at the park fo r all needs (e.g., drinking, irrigation , 
washing, fi lling the pool) woul d eomc from the on-sitc groundwatcr. This included potential ingestion (i.c. , 
drinki ng) as well as potenlial dermal absorption exposures due to direct contact wi th (he groundwater during 
these uses. It must be emphasized that the water currently availablc at the park is municipally supplied from 
other sources (i. e., not the on-site groundwater) . The calculated risks for the fu ture Park Worker and the future 
Park User under these potential future exposure scenarios did not exceed the USEPA cancer risk reference range 
or non-cancer thresholds. The calculated risks for the hypothetical fu ture Resident (adult and chi ld) under the 
scenario of the on-site groundwater as a munici pal water supply did exceed both the US EPA cancer ri sk 
reference range and the non-cancer HI threshold. However, the exceedanee of the US EPA cancer ri sk reference 
range was almost entirel y due to a one time detection of arsenic at a concentration of I I J.lglL, just ovcr the 
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detec tion limit and MeL standard of 10 ,",giL. This detection of arsenic was detennined to like ly to be due to 
the natura lly occurring arsenic in the area 's bedrock. The only other compound in the on-site groundwater that 
contributcd to any significant degree to the calculated risks was MTBE. However, MTBE was only detected in 
one well in 2007 and was very likely due to upgradient off-site sources that arc currently being addressed under 
NHDES regulations. As such, the MTBE is not indicated to be due to any release from the Fletcher's Paint 
Superfund Site and is not expected to pose a long-term concern if upgradient sources cOnl inue to be addressed 
and monitored. 

The sc reening level risk assessment performed relative to the upgradient groundwater revealed that Ihis 
groundwa ter has or is likely to have contaminant levels that exceed thresholds fo r a public drink ing water 
supply. Characterizations of the hydraulic conductivities in the overburden and in the underlying bedrock 
(USGS, 1996) suggest tha t a cone of depression wou ld likely be created if the Keyes Wel l were to be re­
activated to extract water for usc as a public supply. This pumping would be likely, based on past experience, to 
draw groundwater from these upgradient locations and re-eontaminate the on-s ite groundwater. A Keyes Wcl l 
re-activation scenario shoul d not be considered until the various sources of the upgradient contamination arc 
idenl ified and remediated. It is assumed, given the ongoing remediation and groundwater monitoring efforts 
associated with the Xtramart site under the NHDES regulations (NHDES Site No. 199404027), that the 
contamination associated with the Xtramart property is unlikely to impact Keyes Field groundwater in the future 
if the Keyes Well remains inactive until this off-site source has been remediated. 

The HHRA for the Keyes Field groundwater suggests that there arc no current human health risks related to the 
on-site Kcycs Field groundwater and hypothetical future risks arc related to naturally occurring arsenic and 
potentia l migration ofoff-site contamination into Keyes Field should the Keyes Well be returned to service. 
The hypothetical fu ture risks can be addressed by preventing the insta llation of new wells and usc of the Keyes 
We ll unti l these off-site sources are remediated or otherwise addressed. In addi tion, ongoing groundwater 
monitoring programs associated with historic releases at Elm Street and Mill Street Areas (OU 1) and the 
Xtraman property wi ll continue to be conducted to assess contaminant migration and concentration trends. 

7.2 Souhegan River 

Multiple investigations of the Souhegan River adjacent and downstream of the Elm Street Area have been 
conducted and a supplemental BHHERA (Battelle, 20 11) was prepared to incorporate all available data and 
update the risk assessment to human health and the environment. 

The supplemenlal BHHERA concluded that there is unacceptable risk to human and ecologica l receptors from 
exposure to PCBs in Souhegan River sediments within Area AlB of the Fletcher 's Paint Superfund Site. There 
is risk to human receptors from direct contact with sediments and fish ingestion, with fish ingestion risks being 
of partieular concern. There is also risk to benthic invertebrates from exposure to metals and pesticides in 
sedimenl. The observed risk is unacceptable in Area AlB relati ve to background Area C located upstream from 
the Elm Street Area. A PCB Hot Spot Area was identified with in Area AlB oflhe Souhegan River study area 
where there are statistically significant elevated concentrations of PCBs. Within the PCB Hot Spot Area there 
arc also elevated concentrations of PCBs in sub-surface sediments that could pose greater ri sk to human and 
eco logical receptors if storm and flood events expose these deeper sediment layers. Consequently, the PCB Hot 
Spot Area could provide a continuing source of bioavailab le PCBs to the Souhegan River if not remediated. 

A Focused Feasibility Study (FFS) is proposed to be conducted fo r the Souhegan River study area to develop an 
appropriate range of remedial alternatives for detailed analysis to address unacceptable risks posed to human 
hea lth and the environment due to contamination associated with the Fletcher' s Paint Superfund Site. 
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Table 3-1 

Well Construction Information 


Final Remedial Investigation Report 

Opcnlblc Unit 2, Fletcher's Paint Work and Stontgc Fllcility 


Milford, New Hampshire 


Well ID Location 
Diameter 
(inches) 

Top of Screen 
(feet bgs) 

Bottom of Screen 
(feet bgs) 

Screen Length 
(feet) 

Top of Casing 
Well Elevation 

(feet msl) 
Current Condition 

Keyes Well On-Site 18 50 60 10 250 Not Operating 
KW-OI On-Site 2 53 55 2 250.71 Damaged 
KW-02s On-Site 2 22 24 2 248.45 Damaged 
KW-02d On-Site 2 59 61 2 248.61 Damaged 
OW2 On-Site 2 5 1 53 2 245.29 Usab le 
OW2? On-Site 2 18 20 2 245.26 Usable 
OW3 On-Site 2.25 40 50 10 24 1.4 Usab le 
MW-05A On-Site I 28 38 10 269.71 Usab le 
MW-05B On-Site I 50.4 60.4 10 269.61 Usable 
MW-06A On-Site I 8 20 12 269.11 Usab le 
MW-06B On-Site I 56.8 66.8 10 268.95 Usable 
KW-03D Up-Gradient 2 50.7 52.7 2 246.84 Usab le 
MW- 18B Up-Gradient I 72 82 10 270.3 Usable 
XM MW- IO Up-Gradient NA NA NA NA 249.24 Usab le 
XMMW­ I I Up-Gradient NA NA NA NA 248. 14 Usab le 
XM MW- 13 Up-Gradient NA NA NA NA 249.29 Usab le 

Notes: 
1. NA = Not Available 
2. bgs = below ground surface 

0540H16 Final Rcm~x1ial lnl'eSligalion Report Scplcmber 2011 

OU2. Flclch~'f's Pain! Works and Siorage Facilily. Miltord. Nil 1 of I WLD0676 
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Table 4-2.1 

Summary of Data Considered for the Human Health Risk Assessment 


Final Remedial Investigation Report 

Operable Unit 2, Fletcher's Paint Work and Storage Facility 


Milford, New Hampshire 


Wd" D 
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A",-07 

EPAorCEA 

",,· 07 

CEAorGE 

),,'-OS 

GE 
A",.0 8 

CEAor GE 

M .08 

GE 
",,·08 

CEAor GE 
)".09 

GE 
A",-O' 

CEAor GE 

M-09 

GE EPAorGE 
)",·'0 

GE 

" , 
XM MW·13 

~D 

, 
, 

S"tt' vex;, 
VOM. BNA" Tilg, MET. PCB, 

~ 

W" No< Sompkd 

, , 
S,k" vex;, 

No< , 

, 
W" No< S'mpkd 

"~ 

,No< "",",eo S'mpk'" 

~ 
IV" N~ S,mplo' 
W" No< S,mplo' 

~' , , 
S,,'" vex;, 

W" No< Somp'oo 
W" No< Somp'oo 

, 
w" No< Sompk'" 

~ 
vex;" Mn. PCll, • 

voc, ~~ . 

, 
{!j;;, 

, 
, ,No< II,., B,," S'mp'" 

VOA" BNA,. ME" , POI" 

~ . ~ 

, 

, 
, 

, 
, 

W" No< Somp'oo 
W" No< Somp'oo 

Was Not Sampled VOCs. Mo, PCBs· 
VOCS. BNAs. 

Inorganics. PCBs· 
VOCs, Mn, PCBs· VOCs. Mn, PCBs· VOCs, Mn. PCBs· VOCs. Mil. PCBs· Was Not Sampled Was Not Sarnpkd Was Not Sampled VOCs, BNAs, Inorganies. PCBs" Was Not Sampled 

Footnotes 
- Dd~"(;lion limits arc generally not available for these samples 

CEA - CO!pOmlc Environmental Advisors, Inc. 

EPA . US. Environmental Protection Agency 
GE + General Ele.:tric 

VOCs - volatile organic compounds: BNAs - base1neutrallacid extractable semh'o1atile organic compound: 11-Ig - Total mercury; MET - metals: PCBs - polychlorinated biphenyls: Mn - manganese 

The list ofVOCs analyzed for in the EPA samplin g is not the same as in the CEA sampling or the GE sampling 

05401-06 Fin:.1 Rcmcdia1 1nvcstigatioo Report Scpk'lnbet- 2011 
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o IS 1'1 U 1011 , alitl S I l' f C I o CII flHI C OIl CCI'Ii 

«uario Timcf....",. , Fmw. 

lediw", Groouodw.,...­

IExl>OSlore Medi,u,,: Groomdw"", 

F ina l R l' llI e diallm' est i g atio n Repo r t 

O p l' I'able U nil 1 , F le t c h e r ' s P aint ' V ork a nd S t o rag e Faci lity 

Mil fo l'd , N ('w H a mps h irc 

&po,Wl: 

Po;'" 

C" 

NWllber 

Chemioal Mj"im\\m 

COtloC",,,,,,,iou 

Qualifi", 

'" 

Maxi,,"U1l 

C"'loCeutratioll 

Qualifie, 

'" 

Uuit' Looa,;ou 

ofM..imou" 

CO'loC",,,,,,,iou 

Det«:ti"" 

Freque,loCY 

R.mg. of 

[)et«:tiou 
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C,">«",,.,,ti,", 

U"""f", 

Sc""",iu$ 

'" 

Baokg:r<><ul<I 
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(Qu.lif'er) 

OJ 

Scrccniug 

Toxicity Value 

(NrC) 

«) 

Po,e"ti.1 

ARARITllC 

V.h", 
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'"=. 

roe< 

,,~ 
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Rot;o".l. foo-

Selee,i"" Of 
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'" 
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" 

" 
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7440-38·2 

7440-39·3 

A...."ic 

BariWlI 
" 
" 

" 
62,0 

"WL 
"WL 

KI""'OID.o.p 

KWOID.o.p 

, , 
'", , 
'" 

" 15·20 

11.0 

62,0 19.9·51.1 

0.045 'C) 

no (N) ,..." (7, 12) 

P) 

Y 

N 

ASV 

BSV 

7440-70-2 Calci"m '.m 21.000 "WL OW2P '" 
, 

'" 21.000 10600-17900 N'U>" 

7440-47·3 Chmm;wlI (fot.I)(5) " '" "WL KWOID.Dup , , 
'" '" "', ND-U (J) ,.,., (N) '00 P) N OW 

7440-50-8 COW" " n "WL KWOID , , 
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KWOIS 
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'" "'"' KWOID " 
, 
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7440-23·5 Sod;,ull 25,000 25,000 "WL KEYES , , , 25,000 19500·19600 N'U>" 
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. - N". awho.ble 00- "ot ."ailaW" 


(1) Quahfi", Dcfini,;,"", J~A".I)'" w" .-iti,·"ly ide",;fied 

(2) Th" lIl'U';IIlW" de,«:ted "",,,,,,,,t"'t;oo, ;. the o'"Ottl"""i,", u>ed for scr«c";,,g. 5<r«ll;"g wo. "",fanlled .goi"" til< 5<r«lling Tox;city V.I"" OI~y • bad'grow,d ..1<1 ARAR< ore """'" for d;sc"";",, purpose: o"ly. 

(3) Backgromtd Vol'l< COl,,;;1, of'be ""ge of deI""t""" f,o'" """,;t"';'>$ well MW2SB. 

(4) The Screen;'>$ Tox;e;ty V.lu .. are ,be EPA Repo".1 5<,ee-II;"$ I..,,·el, f", T,pw"", <:<>tTeSJ>OItd;lIg '0 • e''';lIege,,;e risk $001 of 1 x 10" olld • 1I...,.d Q"OI;.II' of0,1. N - '""loCarc;nogell;, h .. I,h e"dp";lIt aJtd C - c""""" """"";,,t. 

(5) The "'''''''';'>$ vol"" for eh,om;,"" (Ill) III",luble S.I" "'.. """",, • "lrTOglIte f", eh,,,,,,;ou,, (T",.I) be<;o".. ">ere ;, "" sc,ee-lIi"$ ,·ah,e f", chro",i"", (tolal) ."d ,be Qlher pote,";.1 "I!T<>glI''',du"",,,;,,,,, (VI). i, no' """",",ed ",;'h ,hi, S;, • . 

(6) Rat;"".I" C<><I<t: 

ASV· A\>o,~ Sc"",,,;,,,, Volue IISV· Below 5<'''''';II~ Voh.. NUT· Eo.."t;ollllltrle", 

(7) Sor" Dri"I:;"g Wata Act Mel 0,1<1 NIIDES Part Em'·DW MCl 

(8) SDWA Ae,i,", L."d 

(9) NIIDES GW·I MTOE Sta"dord 

(10) USEPA Lif.,..t;'"" DrinJ,:;IIl! W.,,,, lI"al,h Ad""",), . NOI" ,ha, this ,·alu" olso 110' bec:t, "'tabhshed os II,. I"teri", Clealll'p L",..,l fOO-II1O"g.1l1ese ;"gtoUl,dw.ta a, OUI. 

(II) Th" o"ly de,,,,t;,,,, ornEllP wa, 10" th.n 10 tim.,. th" labora'ory bl,"~ <,""'''''''''';0''. Th;, det"";o" i, <o",iderod to be d"" tQ Ia\>o,,"ory c<",I>IIl;".t;"", 

(12) n.. AROD for OUI ;"d;eat", that ill tbe Octobe' 2O()II"""';'ori"$ of 'he OUI grow"""""'• • ""II;e w., de'eeted ill 5 of tbe SO "",,,;tori"g "~Il,, . "d tha, all det""ted '01",,,,,tr";"'\$ were I .., tha" ,h. MCl of 10 u!1L The 20 10 ESl) for OUI .otabli,bed 
tbe I"'er;,,, Cleo"up l.e,',,1 f", . ....";e;1I yoou,dwat« f",QU] to be ,be ."""ie MCL of 10 "gil. or haekgrQtuod, wh;ebev", w., higher. Tbe 2010 F.sD al", ;lIdieted ,ha, . ,tttdy m.ybe CO,td' loCted todel"""ine ,be ';t"'J'<'Cifie hoekgrowtd 1",-.,1 of .....II;e;n 
yoo"tdwa,,,,. If. hockgrowtd .tudy i. ",tdenake", 'h" ""cru" CI••"up Le"d for . ....,,;c foo-OUI g:r<><,"d""'er maybe ",,,;.ed purt;'IO"t to thi, .tudy. 
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Tabl f." 4-3.1 

Exposur·f." Poin t Concentl·ation Snnllllal1' 


Final Remediallm·estigation Report 

Opl·,·able Unit 2, Fletcher ' s Paint ' Vork ami Storage Facility 


Milford, Nf."w Hampshirf." 


«n• .,o Ti",er,..",e; F"rure 

. l.-di,,,,,, Gmwuru·"", 

~pos'lfe M.-dioun, Gr",u1<i,.-3ter 

IO:<posure I'om' Chemic,] of Uml< 

""i,It",.,ic 

Mean 

9$! ' UCL 

Dismbottion 

Maxim,un 

Con<enlrnrion E'IIO$"re 1'0;'" Conce"",",;",, 

Poren,i.1 C",>C<"fi' «, (Q",'ifier) 
V,I"" Unit' St.ti"ic Rot;onal" 

Gr",uKlw3'.r I>\e,It>·I.t.".B",>·, Ether (MmE) 

,\hunin",," 

,\rset,ic 

1'00' 

1>\., ". 

,,'" ,,'" ,,'" 
"WL 
,,," 

,. 
2.330 

" 2.024 

31.9 

11798 

"" 57.5 

50.0 

13 .000 

11.0 

10.000 .., 
"'" 11 .798 

11 .0 

4.196 

57.$ 

"'" 
"'" 
"'" 
"WL 

"'" 

M.xin,,"n 

97.5% KM UCL·C 

Maxim,"n 

95% KM UCL-DCA 

95% KM UCL·, 

'" 0' 

0' 

''l 
'l) 

(I) no< Aridmo<l'" M."" of IIEIlI' • • 1"Uli,,"n~ ira" ""d U,",'S.,>e!.< w"•••Ic,~.I.-d by ProUCL ""u'S ,10" KJ\.\ ",.~1Od due: 10 lb. hi~, Pf'OI'<"I"'" of"oo,-dc:,«, r",ull' f""he:", co"O!;,,,.,,I<. 

The: An,Iu".,,,, Mea" ofMmE .ndar,,,,,ic ,.-",e cak"I.,.-d ",iu! 112 ,he: d.,,,,,,io" li",i, fo<.1I ,,,,,,-<l<tee'.-d results. 

Codes "i<:<! fo< 'he EPC S'ati"ic, 	 95' . KM UCL·IJCA - KJ\.\ method UCL hilS«! on bi.. con",,,,.-d»Cttlrn,,.-d boot.""" "..~,od 
91.S~. KM UCL-C - KM Mchlod OCL hili<:<! 0" Chc:by;l,,,,. j'>«1,..1i,y u,u,g .... "'1'1" "",a" and .,.".lard de,.;',io" 

95'. KJ\., UCI .... - KM M"dlOd OCL hIIi<:<! .., boot..",,,, 

EPC R.,i","le: 

(2) There w....,I)' 0"" dc:,eelion ofI"••".".",... I, is "r...",c:d bere a. ,10" ",aximum .onc.o",",i"," and .... s "i<:<! os 'h" EPC . 

(3) UCl based on K8"1.,,.M.i..- ""j",",,,, u,u'g d,,, Ch"by.he:,· u>«1",,'it)" <ul-ofT ". 1"". 
(4)G.",,,,0 di,ni",,,i,,,, ,..i,h ...."dard de,·ia,io" of'be '<>8.n.,,.fonn.-d da,. gre.'er ,ha" 2. TIle 95~. KM (IJCA) UCl w.s ~ 0, ,he: EPC. 

(S)Ga.nu", di"ri",,,ioo, .."!h .. "andard dc:,.ia,jo" ofol .. iog.tra",forlU.<l da .. bc:tw...o I .nd 2. Th. 95% KM (I) llCl wa, used a. the: EPC. 
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T~bl~(4_ 1 

Val ... US<'<! for D. ily lntoh Ca kulations 

f-Inal Remt'tli ol In' -btigation Report 


Optrabl. Unit 2, Fletch.r' , raint Work ond Stor.g. hdlity 
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T~bl~(4. 1 

Val... US<'<! for D.ily lntoh Ca kulations 

f' lnal Remt'tlio l In' -btigation Report 


Optrabl. Unit 2, Fletch.r' , raint Work ond Stor.g. hdlity 

Milford. "'."· II .mp'bi .... 
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T a bll' 4-4.2 

Va lues Used fOl' Absol'bed Dose ClllculMion 


Fina l Rl'media l lm'l'stigat ion Rl'por t 

Opl' I'able Uni t 2, Fletcher ' s Paint ' Vor k amI Storage Facility 


M ilford , New Ha mpsh ire 


Tiu>c 1'<n'>3bi!ilY C""IT1ci..", ,IU'O<,gh 

Chemic.l Perm"abili'Y u.g Ti",. To Rcoch fnoclio" Mol«:ular S,"""'" Con,,",.,,1 Per",,,.bility Cocffic;"", ., C""ffic;",,(I) Pc,E\"cn' S'ead}'.S,.,c Abs<>JbcJ (2) Weigh, (3) Ac'os, the Vi.bl. E"id<'fllli. 

P",.",i.) '. l ' cw"t ,. ,,' " 
CO'>C<11' (cmlhr) (ImlC'I"c11!) (bo<l') (u"id...) (It'",ol) (writl...) 

~tcd,}'I.t<n.Bu'yl Ether (MTBE) (4) 

hunilluI1I 

..."""'" 
1")1' 

. ta,,,,,,,,... 

2.110-03 

1.010-03 

I OI'..1H 

1.010·0) 

1.010·0) 

0.33 0,79 
" 

88.15 

30.0) 

119<; 

55 .8.4 

54 .9~ 

7.610-03 

( I) EP,\ , 200-k R,sk A .....,,,""" G,,'''''''''. f",- S"porliu,d: Vol)· !hullan Health Ev.lnati"" M.""al (Pan E. Snpp)el1le,,'al GlIi"",~ f",-l)el1llal R"k 

A,ses,"'."'), Exhibits 8·) ."d 8-4 . N",e ,ha, if,,,, ,'.In", f",- i'>OrV"i,,. "'os give" fQf Kp. 'he defa,,1t va)"" of 1,010·0) w•• "sed, 

(2) COI".n,.,i,'• • ;swlIptio", 

(3) R,\!S. 20 10, Che",ic.1 Dot. Pr"files. Fro", ,he w_"'i'e h"pJI",i•.ornlgo'·I'I)O I~profil",php 

(4) No ,'alues for ,h. abs<>JbcJ Jose paraUlc'on W<re listed iII RAGS E. Exhibi, n·) fo< MTD£. E<I,,"'i,,,,, from Appcndix A o(RAGS 10 ,,= used to c.kul.,c ,h. 

pa,.. ,"".... Kp . .. ", " ."d B. FA w......u,lOOd '0 be 1.0. 

05401·06 fino) R""loOdiol h",..,igati"" R<p<>n Sep,,,·,,,oo 2011 

002, fletche,' , Poi", Works . "d S''''''gc f""ility. Milford. Nil I of I WlIXl676 



Tabl f." 4-4.3 

AbsOI·bf."d Dose Calcu lation - Park \\'ork f."l· 


Final Rl'ml'diaIIUl·l'stigation Rl'port 

Opl·,·abll' Unit 2, FIl'tchl' r ' s Paint \\'ork amI Storagl' Facility 


Milford, Nf."w Hampshirf." 


·o",.no TUlKI;"'",,,, Fu,,,,o 

]{"',"p'''' 1'''1'"1.,;",,, Park W"..k .... 

<ttp1'" Age' Adul' 
. ledi>: (}1l)tll,dwo''''' 

Cont.n"",i"" in Den",1 Pem..,.bili,y C.,.ffiei"n' of Dime"';.,.,l .... 
E\"On,Onra,iou 

Pe,m<obilily Ra,ioOro,,,,dw.,« C",upo.uid in W"eT 

Vari.blo S}"Ulbol. ­

P""'U><leT V.lues ­

P... ,ner.".Units· 

''''.<:1'' 
' .00 

hrf.,..,n, 

!"",,'"ell! 
Chemio.l.specific 

hrl.,..,.,,, 

Cow 
ClI<Ulic81.'p«ific 

"WC 

>A 
Ch<:ruio.l.specifio 

uni,l . .. 

" CI,emic81_specifio 

emlh, 

cr. 

0.001 

Uo u>' 

" Chemic.I.Specific 

Un i,I.., 

OAOVClU 

C.Io"I.,ed 

mwcu,'""vClU 

""'nieal of Po,.·",ial 

......"." 

Enn, Dunli"" 

hTl""", 

La~ Timo Pot E'·<:Itt 

hTIO\",,, 

C"''''en,,,,,i,,,, in 

Gr""nd",..« 

"'tIl. 

Fraction Absorbed 

"ni,l.,.. 

Den",I I'«m08bili,y C.,./f",io:u' of 

CO"'I""uid i" Wo,.". 

"""I" 

C""vorsiou 
FO<1or2 

Uon>' 

P"""abili,y C.,.ffiei",,, 
,hrough S,ralwu ConlC'UUl 
I P<TllK.bihty Coefficien, 

Across ,he Vi.ble 
Epidem,i, 

,\bso,bed dose I'" 

.'.."" (I) 
mwcm'""vClu 

'er"yl·te,,_H'''yl E,her (MTHE) 

I"",inw" 

=,. 
,", 

~, ." ,,~ 

' .00 
' .00 
' .00 
' .00 
' .00 

0.33 s.oE412 
I.2E +OI 

1.110412 

4.2E-tOO 
5.810412 

., 2. IE413 

1.0E·03 

1.010413 
1.01041] 
1.01041] 

0.001 

0.001 

0.001 

0.001 
0.001 

0.00762 1.74E417 

l.ISE41S 
1.l0E418 

4.20E-06 
5.75E-08 

"""""",,,
(I) llAownl o.I<:"I.,ed u'm~ ,1,0 rollowUl~ cq""It"',,: 

""""'puic «>J'q>OW'ds. if,ovou,<t· , 
if ' e,·.u",,· 

OAov"t11 ­ Cgw'.·FA· " p·Cr'·(6·,.uowt!1',o'"el,lfpi)' , 

OA.,·",,, - Cgw'FA'''v'cn'J(te,·",,,I( Ii H» +(2"on·.,·","'(1 +3HH B'Y(l I Il)')] 

"'" i""'~.Il1tic cOUlpow.ds. OAov"nl - Cgw' ''p'cn'''''·Cln 

05 :10 1-06 FiJ,.] R",uedi.IIt""eS,iS.,ioo R<pOr1 Sop,e,nM 2011 

OU2. Fk'eher·, P.i", Works ..id S' '''''8< """ili,y. Milford. NH I of I WL00676 



Tablt4-4.4 

Absorbl'd Dost' Calculation - Pa rk Ust' l' 


Final Rl'lm'diall nl'l'stigation Rl'port 

Opl'mbll' Unit 2, Fll'tchl'r' s Paint Work and Storagl' Facility 


Milfo rd , Nl'w Ha mpshin ' 


. <:11OriO TimerJ'll" '" FUlure 

<,<e",or Popula,io", POlk USC'< 
<,<e",orAge' Adolcso ... " 

{edi. : G"'l",dwo'er 

1'00"><>10 ' 

(I) 1),\ ",'.,,, ".kula,ed n.i,,! ,he foll""'i,,! ~n..i",..: 

For org. oio "o"....,...odR if,<w,,!<!' , 

if''''·...''>!· 
For i"o' ganic ""'''1""".,10. 

('",,,,em ..,i,,,, i" l)en".l P"",,,,.bili oy t:oeffioien' or ('o"'.....io<, ])i"",,,, i,,,,I ...
Lag Ti"", Pc, Ew ,,, F"'Olio" AlosotbedGrow,c\walcr Compo"nd in W"cr fo<,or2 Per"teIIbility Rotio 

C@w 'A 
Chemical"p«ifio Chem;,,"I'spccific 

,u,i,I...'""'­

CO"C""lnIlio<, rn 
Grow,c\walcr F"'OIio" Alosotbed 

m/UL \mi,I ... 

5.0E..o2 

l.2£<01 " 
1.1£..02 

4.2EiOO 

5.810..02 

V.ri.ble S),,,I>oI. ­ ,.,..,,, 
P."IUc!CT \'al".. - '.00 

Pa".n",'e' Un;,, ­ Ior' .ve", 

hem;,,"1 or PO'<:1"i.l 


",1<e", 


{.,h)·).ten.R,,!)·) E,h.r (MTRE) 

hu"inum 

l--'"' ~, 

I. "pnc.. 

Eve",l)n..,i"" 

hrl .....,,' 

,.00 
'.00 
'.00 
,.00 
'.00 

" o..,,,iool"p«ifio 

ouollor 

l)en". 1 p""".abilioy Codlioie1U or 

Compo"nd in W"cr 

o"lihr 

2. IE..o3 

1.010..03 

1.010..03 

1.0E-03 
1.010-03 

OM,·.,,, - Cgw'2'FA · Kp·Cn·(6·'.,....·e"'· ..\"Ontlpi)' ~ 


OA",·.,,, - Cgw·FA·Kp·CF2· [(te .... "'I(1 I-R» I (2' to"",,,,,,,"(1 +3BH B'Y(I I R)')] 


O,\e,'c,,' - Cgw'Kp'CF2'te"<1" 


en 
0.001 

Ucm' 

Co"w... i"" 
f.",,,, 2 

Ucm' 

0.001 

0.00) 

0.00) 

0.001 

0.001 

Chem;c.I".Sp«ific 


Uni'I .... 


Penna \>ility CoefflCient 


'hrongh S'ron"" Comea."" 

' Penl",.bi[;!)" CodTici ... " 


Aoros, d", Viabl. 


EpiJcnnis 


0.00762 

DAc,..,,,' 

C. ku[.,ed 

".!".,,,'.." ..,,, 

Absorbed dose per 

0""'" ( I) 
",!",,,,',,,,,.,,, 

2.78E-07 

2.36E-05 

2.20E..oS 

8.39E-06 

1.1 5E-07 

'",,,,Wn' 

CI",mical"p«ific 

Ior' .w", 

Lag Tin", P.r E,..,n, 

hrl .....,,' 

0.33 

05·,01-06 Final Remedia l [",_ig.!io.. Rcp<>rt ScplCnlba- 2011 
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Tabll' 4-4.5 

Abso!'bell Dose CalcuhHion - Resident Allult 


Final Rl'mediallm'l'stigation Rl'port 

Opl' !'able Unit 2, Fletcher ' s Paint 'Vork amI Storage Facility 


Milford, New Hampshire 


Fu,UJ" 

<ttp1or I'OVUlo,io", Rcsi<kut 

e<:ep'or I\ !<' I\dul, 
~' eJio: G-rOUlldW"cr 

l:",,,,,,,,,,..,;0" in O",m.ll'erm••bili,y l:oeffici ... " of
Ennl Dun,;"" 

G-ro""dwater C"'''I>'>Iuod in Wat ... 

Van. ble S}'IIlbol, ­ te>'C'l" toue:,"c1" 

p ..... ,><1..-V.I...,. ­ 0,25 Chclllio.l'spc<ifio 

p'''lUcI..- Uni.. ­ hrl."cUl hrl."cnl 

Ch"1IIiool of Po,,,:,,,iol 
En"'Dnra,io,, La! Tim" 1'..- E""nl 

",,,,en, hrlo,',," hrl.",,111 

~1..I,}'I,'cn. O,,'yl Elher (MTOE) 

l"mH,wII 
....,,!C 

I,,,,, 
, Ia,,-,,,,,,,,.. 

0,25 

0,25 

0,25 

0,25 
0,25 

0.33 

I'OOh,OI,,' 
( I) OAe ... ·'" <.k"I••ro u,illt< III< followH'!! ""U.,io.,>: 

For <»pnie """"",,",ds, if100'enl<:'· , 

if10\'0'11>'· 

For illor2JIllic oOUlpow.ds, 

Cow >A CF2'.
Chcmical"p«ifio Chcmio.I"p«ifio Cbcmioa l'spc<ifio 0_001 

unitl . .. ¢111"" Vem' "''''­
C"""o" "",i"" in 

G-rol",d"'''cr l'"""iOl' AbS<>Thc<l 

I)..-mall'emoeobili,y Coeffici ... " of 
COI"po.~od in Wo''' ­

C"""..-.iOl' 
F"",or2 

"'Iifl. unill" .. cllllhr V<m' 

5.0E'()2 

L2E-t()1 

l.IE'()2 

4,2E +00 
5.8E·02 

" 
2.IE.()3 

1.0E.()3 

1.0E'()3 

1.0E·03 
1.0E·03 

0,001 

0.001 
0.001 

0.001 
0,001 

OAo'-o'" - C!w'2·fA'Kp'Cf2'(6'I'U"""''''Ie\'O"t'pi)' ~ 


DA.," cn, - Ct<w'l' A 'Kp·Cf2'(I<"cutl(l +0» + (2·"""",,cII,·(1 + 30+ 3n'Y(I+11)')] 


DA.,,'e1,' - C!,," Kp'Cf2'''''' ... I1 


DA"wni 

Cok"I"eJ 

m~<m'..,'...." 

Absorbed dose per 

"WUI (I ) 

m~<m''''''''''' 

8.34£.(18 

2.95£.(1(; 

2.75E.(19 

1.05E.(I(; 
I.ME.(I8 

05401·06 final Remedi.1 1I.....'i!"i"" Report Seplelllber 2011 
om, Hc:lcher', p. iln Work< .Dd SIOI'IIg" f.oili,y, Milford. Nit I or I WUXl676 
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Ta bl l" 4-4.6 
Absorbl'd OOSl' Ca lculation - Rl'sid l'nt Chihl 

Final Rl"ml"dia llnl'l"stigation Rl"por t 
Opl"rabll" Unit 2, Fktchl"r's Paint Work anti Storagl" Facility 

l\'I il fo rd , New Ha mpshin ' 

"".n., T"". ramo: F,nure 

""..,,'" P<>Pl,I"i,"" R•• ideon 

""'P'''' Age: Child 
{edi., Gro.mdw"eT 

C.,.",entra,i.,,, in Den".1 P<""",.bility Coeffi,i.", .,f
F"'<ti()nA~Gr.,,",,!w.,.. C.,mp<>Ill'c\ in W.,.. 

V.riabl" $)"'001. ­

Pa..."",'er Val.",. ­

I'o,..",.,.r Units ­

""",;.;.1of Pot.."ia1 

O,"'m, 

M.,hyl.ler1.Hu,)'IIOiher (MTBE) 


\ hu"i""", 

"-"",,,;0 

,., 
M.".....'oek 

,.,'.,n 10,,,,,·,,,,, 
0,S8 Cbemieol"l>""ifie 

hrl.,..", hrl.,..", 

£,,"'" Ount!i"" 

brl"""", 

0,$8 

0,S8

". 

0,58 
0,58 

Lag Ti",,, Per En", 

brl.""", 

0.33 

C'W 

Chem;';ol''P''''ifi, 


m~ 

C"''''""!nlti",,;,, 
Gr.,,",,!w.,.. 

'""'­
5.0E.(J2 

I.2E+OI 
1 ,F"{)2 

.1.2£+00 
5.8E"{)2 

>A 
Ch.",ioal'Sjoecifie 

,",ill ... 

Frat';"" Absorbed 

,",i,l... 

' .0 

<. 
Ch..miool''P''''if", 

,"lIhr 

Denuol l'en"ubili,)' Coeffioi"", of 

C.,mp<>Ill'c\ i" W.,.. 


ou,~" 

2. IE.(J3 

1.0E..()3 
1 OF"{), 

J.OE"{)3 
1.0E..{)3 

or. 
0,001 

U ....,' 

Coo,,,,,,,i,,,, 


Fo<t.,.- 2 


U'IU' 

0.001 

0.001 

"00' 
0.001 
0.001 

D,\e.,..,,' 


Cok"lated 


m~<m'·n.,,' 

Absorbed <Ioi!e per 
",·.m (I) 

mgleu,'"""",,' 

1.21E.(J1 

6.8~E-06 

~ 'RI'...{)9 

2.43 E-06 
J.34 E"{)8 

FOOl".".: 

( I) DA"'"e:l1t .,leul"ed ...iug ~'" followi"g eq, ..,;.,.." 

F.,.- ors,,,i. """p<>...od" if '''''''ll'<!' ' DA"v",,, - Cgw'2'fA' Kp'Cn'(6'"~',u"I"v",,tlpd ' 

if Ie",,,,>! ' DA""",,, - Cgw'FA'Kp'CF2'[(1"""",/(1+Il») + (2'Iou""""",'(1+ lU+3Ei).'(1+Bj')] 

For i"organi. e"'"p"'md•. DA"v",,, - Cgw'Kp'Cf2'I"v"", 

OS401·(l6 Final Remedial hw..,igation Report Sepl"",ber 2011 
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Ta blt4-S.1 

Non-Cam:el" Tox icity Data - Oral/Dermal 


Final Remediallll\'estigat ion Repor t 

Operable Uni t 2, Fle tcher 's Paint Work and Storage Facility 


Milfo rd, New Hampshin' 


a.emical 

of Poto",i.1 c._ 
Qu-onid 

$ u\>d"""ic 

Oral RID Oral Absoop,i"" 

Effici<1"' y 

for {)erma! 

''l 

Absorbed RID f()f {)e"". ! 

'" 
Prin..,), 

T..~e' 

OrP"(') 

Combined 

U,"'..... in'y/Modifyiu! 

FIOC'QfS 

RID :Ta' g.' Orpn(. ) 

Va!"" U"i" Va!"" U"i" S""'c.e(.) Da'«.) 

(M1>[lDDIYYVY) 

~t.'h),!"t.""B"')'! Ether (MmE) 

\huninu,," 

-" 
h"" 

~1., "" 

Chronic 

Chronic 

Chronic 

CI",",,,, 

1.0£100 

J.OE-04 

7,OE-O I 

2.410-02 

. 

n".day 

n".day 

,,".day 

","'1..•.,1. 

!0I.l'!l0 

95"" 

lOI.l'!lo 

, % 

LOE+OO 

3.0E-04 

7.0F.-O! 

9.6fM 

. 

n".day 

n".day 

,,".day 

","'1..•.,1. 

. 
CNS. Neura! 

Ski" 

$,,,,,,,,,,h 

"" 

'''' , 
", 

PPR1V 

tRIS 

PPR1V 

IRIS 

!0f2312006 

! Jl17I2010 

9130f2009 

1]/171201(1 

• - Not A".ilabl. 


CNS· Con' ... ) N",,·on. SYS'<1" 


IRIS - Inlcgtllied Risk I"fo. ",.tio" Sy"<Ul 


PPR1V - PrO\-i.ional Peer R"" irwed Toxicity V.I"e< 


(I) EPA. 200-lc, Risk A""..",.,,, OniJa"c. for Supnfwod Vol"",< I: ]t"",o" Ikahh E"o luOIi,", Ma"ual (Po" E. Suppl..,~",ol Ouidao>«: forRi'k A,.a."..,,,). ExhibiI4 ·1 . 

If co" Slil".", "ot li"o<I. a dd.nll ,·.h,. of I()()% wa. ,oscd 

(2) Absorbed RID fo' De,mal - Ora! RIO x Ora! Abootption Efficirn"y for D<-nnal 
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T abll' 4-5.2 


Non-Cancl'!' Toxicity Dl\ta - Inhl\ lation 

Finl\l Rl'ml'diallDl'l'stigation Rl'por t 


Opl'!'l\bll' Unit 2, Fll'tchl'r 's Paint 'Vork I\ntl Storagl' Fl\cilit}' 


Milford, New Hampshirl' 


Chemic.1 Chmuic/ lulul..ion RIC Primary Combi,-..d RIC : T",~ Or!a'I(. ) 

of Por.",i.1 SlIbchronic Torget U"".".iu'yIMorlil);ng 

CO'>C:c111 V.I"e Uni.. Org.,l(sj f"",on Sourco(. ) D.,o(.) 

(M~IIDDNYYYl 

~t.'h)'I,'.".BII')'1 E,her (MTBE) 

\hu"inum 

....uic 

."' 
~r.np"... 

Ch,,,,,i. 

0,,,,,;. 

Chronic 

Ch,,,,,i. 

J.OHOO 

5E..(l3 

1.50E-05 

S.OFAl5 

109/ru' 

lUg/ru' 

mg/n,' 

lUg/ru' 

li,.." Kid"ey 

D" 
CNS, lIea" 

B ... i" 

'''' 
"" 
,.., 

IRIS 

PPRTV 

C.IEPA 

. 
IRIS 

11 11812010 

1011312006 

11 11712010 

. 
11 11712010 

rOOhlOl.s: 

• - No' ",,,.ilable 

CNS • COt"... 1 Ner"ou, SYS'.'" 

C.IEPA - C. lif"",i. hiro,"".. " ..1 Prot"",ioo Age"cy'. On·Ii"" T o.i<ity Crit.ri. 0...1>0... hltp:llwww.~hh._c•.gm·fti.kfd.<1uic.IDBI 

IRIS - [n'.go'~ Ri.., I"f""notion Sy"'''' 

PPR1V - """ 'i,ional p"", R",'iew~ Toxicity V.I"es 
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T abl l· 4-6. 1 


Ca nel'l' Toxicity Dit ta - OmllDel"ma l 

Fina l Rl'medialllll'l'stigation Rl'por t 


O pl' I'able Unit 2, Fletcher ' s Paint ' Vor k a mI Stor age Facility 


M ilfo rd , New Ha mpsh irl' 


Chemical Weiv" ofhid<;",,", OraICSF 

ofP<>t.",i.1 

Oral C.""...- Slol''' F.ct", Oral Aboorp'iou A~ C, ,,c,,,-Slo!>< Foc'''' 

for Iknu.lEffici..",)" C."".. Guideli.."(CSFo)

(",."""'. ~';I~;'"'r",-0<-\"..1 [Mo(. ) 

(Ml<oIlDDlYYYYj 

V.h.. Unit. V.h.. Unit. Sonr,o(. ) 

OJ OJ,-'" \leoJ,yl.,.n.Bu'yl lOtio.. (MTBE) 1.810-03 (m2Jl<@-day)-1 1.810-03 (m!Yl:@-day)-1 C. IHA 1lI1712010" 
0IUUli..w" 

,m Arsenio LSE+OO (1Il2Jl<@-day)-1 !.SE+OO (m!Yl:@-day)-l A IRIS 1lI1712010 

I,,,,, 0 

. ta,,,,,,,,... IRIS l!I1712010D 

So"",": 

CalErA - C. lif<>nu. E\"irom".",.l Prot..,ti,", Agc.lO)'. Oll·li"" TMi<it)" Crit.ri. [><".ho... h"p:II"ww,,,,,hh. _c, _ ~o,"fti'kldl"IIli<.IDBI 

IIllS - [ut"pated RioJ: l"f<>nIlOliool SY"'UI 

(I) EPA, 2()().1, Risk A...,,,m.nt Gllida,,,,. for Su»"riimd Voh"n. I : th"n3n Health F.".III3Ii,"' Mallnal (Pan E. Snwl.",ental Gnidal"'" for Risk A ......m.nt). Exhibit 4·1 . 

If <"",,inl.nt "," listed . • defaul, ,·.h.. of I(l(.)% "'",I,.ed , 

(2) Absorbed C.tJlOCT Slope: f oct'" foo- [krlll.l - Oral COIlC<T Slope F""too- I Oral Aboorpti,"' Effici,'lt)· foo- 1:><.111"1. 

(3) EP,\ Weigh' ofE,·id.."", Qr<>ups: 

A • Ulima" C""'illO~'D 

D· NO! cl."ir..bl" as a hw.uUI C.rc"'''!!''' 


NA- N," A .....sed IInde.-EPA IRIS 
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T abl l' 4-6.2 

CRUC(' I' Toxicity DatR - lllha lMioll 


Fina l Rl'mediaIIDl'l'stigation Rl'por t 

O pl' I'able Unil 2, Fletcher 's Painl ' Vo rk a mI Stor age Facility 


M ilfo rd , N('w Ha mpsh ir(' 


Chemie.1 

of PolOt" ial 

Uui, Ri>l: 

0"1 

Wei!!!" ofE,'i<l<lIee! 

C. "".... Gnid.li". 

Unil Ri>l: : l"l..lolioo CSf 

Concern V.l .... tTwl. Descril"i"" 

OJ 

'>our"".) D8'<{') 

(MMIDDfYYYY) 

lelh)·I"<'f1.Rnlyl Elher (1)rrRE) 

lwnil""n 

rkl'ic 

roo> 

~l.n!W1eSe 

2.6E·().t 

· 
4.3E.()3 

· 
· 

(mg/",' ).1 

(1lg/",' ).1 A 

0 

C.IEPA 

IRI S 

IRI S 

11I]712(l1O 

11I]712(l1O 

11f11l20IO 

F""""" .. : 
. - No' A,-.il.bl. 

C.IEPA - California Evira'llIl<n",1 Prolcctioll A~<nc)". O"·li",, Toxicil)l C,ilrn.. UoI.b .." . l"'p:llw ....w.o ..~...c • . go'·/riU:/.h."'i ••lDW 

lR[S - l",.snn«lltisk l"fOrn..,iOn S)," C1n 

(I) EPA Woight ofhide".e Gr"".,.: 

A • I [w,..n ••",iIlOS<11 

D · N01 ",."ifi. ble os. hum"', e. ",inog<1' 
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Table 4-7.1 

Ca lculation of Chemica l Cancer Risks and Non-Cancer Hazards - Park Worker 


Final Remedial In vestigation Report 

Operable Unit 2, Fletcher's Paint Work and Storage Facility 


Milford, New Hampshire 


cenario Timeframc' Future 

Receptor Population' Park Worker 

Rcceptor Age' Adult 

Mcd iwn Exposure Mcdium Exposure Point Exposu re Route 

Groundwater GTOlmdwater Groundwater Ingestion 

IExp. Route Total I 
Dcnnal Absorption 

IExp. Route Tutul I 
I ExposuTC Point Total 

I Exposure Mediwn TOI3I 

Chemical of EPC Cancer Risk Calculations 

Potcntial Concern Value Unil.'; Intakel1:xposure Concentration CSFlUnit Risk 

Value Units Value Units 

Methyl_ten_Butyl Ether (MHlE) 5.00£·02 mgIL 1.0£-04 mglkg·day 1.8E-{I) (mglkg_day).1 

Aluminum I.ISE+OI mgIL 2.4£-02 mglkg·day · (mglkg_day).1 

Arsenic 1.10£·02 mgIL 2.2£-05 mglkg·day 1.5E+00 (mglkg.day).1 

Iron 4.20E+00 mgIL 8.4E-03 mglkg-day · (mglkg-day)-l 

Mangancse 5.75E-02 mgIL 1.1E-04 mglkg-day · (mglkg-day)-l 

Mcthyl-tcn-Dutyl Ethcr (MTBE) 5.00E-02 mgIL 1.5E-06 mglkg-day 1.8£.03 (mglkg-day)-l 

Aluminum 1.18E+Ol mgIL 1.0E-04 mglkg-day · (mglkg-day)-l 

Arli<:nk 1.10£-02 mgIL 9.8E-08 llIg1kg-day I.5E+oo (llIg1kg-clay)-1 

Iron 4.20E+00 mgIL 3.7E-05 mglkg-day · (mglkg-day)-I 

Mangancse 5.75E-02 mgIL 5.IE-07 mglkg-day · (mglkg-day)-I 

II 
II 

I 
II 

Non-Cancer Hazard Calculations 

Cancer Risk IntakeJExposurc Concentration Rf1)fRfC 

Value Units Value Units 

1.810-07 2.S£-04 mglkg·day . mglkg_day 

· 6.6£-02 mglkg·day 1.010+00 mglkg...day 

3.310·05 6.2£-05 mglkg·day 3.0£-04 mglkg..day 

· 2.3E-02 mgfkg-day 7.0E-01 mglkg-day 

· 3.2E-04 mgfkg-day 2.4E-02 mglkg-day 

3.3E-05 

2.8E-09 4.3£-06 mgfkg-day . mglkg-day 

· 2.9E-04 mgfkg-day I.OE+OO mgfkg-day 

UE-07 2.7£.07 mgikg-day 3.0£-04 llIgfkg-day 

· 1.0E-04 mgfkg-day 7.0E-01 mglkg-day 

· 1.4E-06 mgfkg-day 9.6E-04 mglkg-day 

I.SE-07 

3.310·05 

3.310·05 II 

Ha7.ard Quotient 

. 
6.6F...o2 

2. IE...OI 

3.4E-02 

1.3E-02 

I 3.2E-01 

. 

2.9E-04 

9.1E-04 

1.5E-04 

1.5E-03 

2.8E-03 

3.210...01 

3.210...01 

I 

Ml-dlUlll Total 3.3E-OS 3.2E-OI 

Total ofRl"Cl'Ptor Risks Across All Mcdia 3.3E-OS Total ofRt"Ct'Ptor Hazards Across All Mt-dia 3.2E-OI 

05401-06 Final Rcmt-dialln"cstigatioo Repon September 2011 
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Table 4-7.2 
Calculation of Chemical Cancer Risks and Non-Cancer Haza rds - Park User 


Final Remedial In vestigation Report 

Operable Unit 2, Fletcher's Paint Work and Storage Facility 


Milford, New Hampshire
Sccnario Timcfr:unc· Futurc 

Receptor Population: Park Uscr 

Rt"Ct-ptor Agc: Adult 

Mcdiwn Exposure Medium Exposure Point Exposure Route 

I..JTOW](lwater Lrroundwater \JTOnnowater Ingestion 

IExp. Route Total I 
Dcmml Absorption 

Exp. Routc Total 

Exposure Poilll Total 

Exposure Medium Total 

Chemical of EPC Cancer Risk Calcul3lions 

Potential Concern Value Units IntakcJExposure Concentration CSFlUnit Risk 

Value Units Value Units 

Mcthyl-ten -Butyl Ethcr (MTBE) 5.0010· 02 mgll. 4.8E·(16 mglkg..Jay 1.8E·03 (mglkg.day}-I 

Aluminum llSE+OI mgll. LlE.()3 mglkg..Jay (mglkg.day}-I 

Arsenic I.IOE·02 IIlgil. LlE'()6 mglkg.Jay L5£+00 (lIlglkg.day}-1 

lroo 4.2010+00 mg/1. 4.IE.()4 mglkg.Jay (mglkg.day}-I 

Manganese 5,75E-02 IIlgfL 5.6E-06 IIlglkg.Jay (lIlglkg-day)-1 

I 
Methyl-ten -Butyl Ether (MTBE) 5,00E-02 mgIL 8.5E-07 mglkg..Jay 1.8E-03 (mglkg..Jay)-1 

Aluminum llSE+OI mgll. 7.2E'()5 mglkg.Jay (mglkg.day}-I 

Arsenic 1.10E-02 IIlgfL 6.7E'()8 mglkg.Jay I.5E+OO (mglkg-day)-l 

lroo 4.2010+00 mgll. 2.6E'()5 mg!l:g.Jay (mg!l:g.day)--l 

Mal\ganese 5. 75£· 02 mgll. 3.5E.()7 mglkg.Jay (mglkg·day}-I 

Cancer Risk 

S.7E.Q9 

1.6F.Al6 

1,6E-06 I 
I.5E-09 

I,OE'()7 

I.OE· 07 

1.7E-06 

I.7E· 06 

II 17E.Q6 II 

Non-Cancer Hazard Caiculmions 

IntakefExposurc Concentratioll RlDlRfC 1·lazard Quotient 

Value Units Value Units 

4.$05 mglkg.Jay mglkg.day 

I.OE.()2 mglkg.Jay 1.0E+00 mg/kg..Jay 1.0E.Q2 

9JE'()6 IIlglkg.Jay 3.0£·04 lIlg/kg.day J IE.Q2 

3.5E'()3 mglkg.Jay 7.OE· OI mg/kg.day 5. IE.Q3 

4.9E-05 IIlglkg.Jay 2.4E'()2 IIlglkg-day 2.0E-03 

I 4.8E.Q2 

7.5E-06 mglkg.Jay mglkg-day 

6JE.()4 mglkg.Jay 1.0EtOO mglkg.day 6.3E·04 

5.9E-07 mglkg.Jay 3.0E-04 mglkg-day 2.0E-03 

2.2E.()4 mg!l:g.Jay 7.OE·OI mgfkg.day 3.2E.()4 

3.1 10-06 mglkg.Jay 9.6E·04 mgfkg.day J2E.Q3 

6. IE.Q3 

~~ 

I 

McdlUm l otal 5.4E·02 

Total ofReeeplor Risks Across All Media I.7E-06 TOlal ofReceplor Hazards Across All Media 5.4E-02 

05401-06 Final Remcdial hl\"estigation RL1'OM September 2011 
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Table 4-7_3 

Calculation of C hemica l Cancer Risks and Non-Cancer Haza rds - Res ident Ad ult 


Fina l Remedial Investigation Report 

O perable Unit 2, Fletcher 's Paint Work and Storage Facility 


Milford, New Hampshire 

cenario Timcframc' 

Receptor Populat ion: 

Rccl"ptOJ Age: 

Future 

Resident 

Adult 

Med illin ExposuTC Medium Exposure Point Exposu TC Route 

Groundwater Groundwaler Groundwater lngeslion 

IExp. Route Total I 
Dcnnal AbsOlptio 

IExp. Route Total I 
Inhalation 

Exp. Route Total 

Exposure Point Total 

Exposure Mcdi\U1l Toml 

Chemical of EPC Canccr Risk Calculations 

Potential Concern Value Units IntakelExposuTC Concentration CSFlUnit Risk Cancer Risk 

Value Unils Value Units 

Melhyl-tert-(lutyl Ether (MTilE) 5.00E-02 mgIL 5.9E-04 mglkg-day I.SE-03 (mglkg-d.1y)-1 1.1E-06 

Aluminum I.ISE+O I mgIL 1.4£_01 mglkg-day - (mglkg_day)_ 1 -
Arsenic 1.10E-02 mgIL 1.3E-04 mglkg-day I.5E+OO (mgfkg-day)-l 1.9E-04 

Iron 4.20E+OO mgIL 4.9£-02 mgfkg-day (mglkg..day)_1 

Manganese 5.75E-02 mgIL 6.SE-04 mglkg-day - (mgfkg-d.1y)-1 -

1.9E-04 

Methyl _ten_Butyl Ether (MHlE) 5.00£-02 mgIL 8.8E-06 mgfkg-day 1.8E-03 (mglkg..day)_1 1.6E-OS 

Aluminum 1.ISE+Ol mgIL lIE-04 mgfkg-day - (mglkg ..day)_l -
Arsenic 1.I0E-02 mgIL 2.9E-07 mglkg-day I.5E+OO (mgfkg-day)-l 4.4E-07 

Iron 4.20£+00 mgIL 1.1£-04 mgfkg-day (mgfkg.day)_ 1 

Manganese 5.75E-02 mgIL 1.5E-06 mglkg-day - (mgfkg-d.1y)-1 -

4.5E-07 

Methyl-tert-Dutyl Ether (MTilE) 5.00E-02 mgIL 2.5E-02 mgfml I 2.6E-1)4 I (mgfmJ)-1 6.5E-06 

6.510-06 

2.0£-04 

2.010-04 

Non-Ca nCL'T Ha1.ard Calculations 

IntakelExposurc Conec11lralion RIDIRJC 

Value Unils Value UnilS 

I.7E-03 mgfkg-day - mglkg-day 

4.0E-OI mglkg-day I .OE+OO mglkg_day 

3.SE-04 mgfkg-day 3.0E-04 mgfkg-day 

1.4£_01 mglkg-day 7.0E-OI mglkg-day 

2.0E-03 mgfkg-day 2.4E-02 mglkg-day 

2.6£-05 mglkg-day - mglkg_day 

9. IE-04 mgfkg-day 1.0E+OO mgfkg_day 

8.5E-07 mgfkg-day 3.0E-04 mgfkg-day 

l2E-04 mgfkg-day 7.0£-01 mg/kg-day 

4.4E-06 mgfkg-day 9.6E-04 mgfkg-day 

2.5E-02 I mgfml 3.0E+00 I mgfml 

Hazard Quotient 

-
4.0E ..OI 

I.3E+OO 

2. IE...OI 

8.2E-02 

I 1.9E+00 

-
9. I F.....04 

2.8E-03 

4.6£ ...04 

4.6E-03 

I 8.SE-03 

8.3E-03 

I 8.3E-03 

2.0E+00 

2.0E+00 

II 2.0E+00 

2.0£+00 

I 

I 
II 

I 

Mcdllnn fotal 2.010-04 

Total of Rlttptor Risks Across All Media 2.0E-04 Total ofRt"Ct"ptor Hazards Across All Mt-dia 
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Table 4-7.4 

Calculation of Chemica l Cancer Risks and Non-Cancer Hazards - Resident C hild 


Final Remedial Investigation Report 

Operable Unit 2, Fletcher's Paint Work and Storage Facility 


Milford, New Hampshire ecn3l"io Timcframc' Future 

e<:~'Ptor Population: Resident 

ttcptor ARC: Child 

Medium Exposure Medium Exposure l'oim 

Growldwalcr GrowtdI\"atCT GroundwatCT 

Exposurc Point Total 

Exposure Mediwn Total 

Mcdi lUn Total 

Exposurc Romc 

Ingestion 

IExp. Route Tota l I 

Chemical of [PC Caneer Risk Calcul31ions 

l'OIcnt ial Coneern Value Units Intakc/Exposure Concemnnion CSFlUnit Ri sk Cancer Risk 

Value Units Value Un its 

Methyl-tett-Butyl Ethcr (MTllE) 5.00£-02 mgIL 2.7E-04 mglkg-day 1.8E-03 (mglkg-day)- I 4.9£-07 

Aluminum ][810+01 mgfJ. 6.5E.(I2 mglkg-day (mglkg.day)- I 

Arsen ic l. IOE-02 IllgfL 6.0E.(I5 mglkg-day 1.5 E+00 (mglkg-day)-l 9 .0E-05 

I ~ 4.2010+00 mgfJ. 2.3E.(I2 mglkg-day (mglkg.day)- I 

Manganese 5.75E-02 IllgfL 3.2E-04 mglkg-day (mglkg-day)- I 

I 9 .1E-05 

Dcmml Absorpt iOl1 MClhyl-tctt-Butyl Ether (MTBE) 50010.(12 mgfJ. 4.6E.06 mglkg-day 1.8E·03 (mglkg.day)- I 8J£.()9 

Aluminum 1.18E+OI IllgfL 2.5E-04 mglkg-day (mglkg-day)- I 

Arsen ic 1.10E-02 IllgfL 2.3E.(I7 mglkg-day 1. 5E+-OO (mglkg-day)- I 3.5E-07 

lroo 4.20£+00 mg/1. 8.8£.(15 mgJ}:g-day (mglkg.day)- I 

Manganese 5.75E-02 IllgfL 1.2E.06 mglkg-day (mglkg-day)- I 

IExp. Route Tota l I I 3.5E-07 

Inllll iation Methyl-tett-Butyl Ethcr (MTBE) I 5.00E-02 IllgfL 2.5E-02 1 mg/ml 2.6E·04 (mglml)_t 6.5E-06 

Exp. Route Total 6.5E-06 

98£.(15 

9 .8E-05 

9 .8E.(I5 

Total of Receptor Risks Across All Media 9 .8E-05 

Non·Cancer Ha7..3rd Calculations 

ImakclExJ)Osure Concentration RflJlRfC 

Value Units Value Units 

3.2£-03 mglkg-day mglkg-day 

7.5£.(11 mglkg-day I.OE+-OO mg/kg-day 

7.0 E-04 mglkg-day 3.0E-04 mglkg-day 

2.7E.(I1 mglkg-day 7.0E-OI rug/kg.day 

3.7E.(I3 mglkg-day 2.4E-02 mglkg-day 

I 
5.41;.(15 mglkg-day mglkg.day 

2.9E.(I3 mglkg-day 1.0E+00 mglkg-day 

2.7E.06 mglkg-day 3.0E-04 mglkg-day 

1.0£.(13 mgJ}:g-day 7.0E-OI mglkg.day 

I.4E.(I5 mglkg-day 9.6E-04 mglkg-day 

I 
2.5E.(I2 mg/ml I JOE<OO mglml 

TOIa l of Receptor Hazards Across All Media 

Hazard Quotiem 

7.5E·OI 

2.3E+00 

3.8E·OI 

I.5E-OI 

3.6E+00 

2.9E-03 

9.0E-03 

1.5£·03 

1.5E-02 

2.8E-02 

8.3E·03 

8.3£·03 

3.7E+00 

3.7E+OO 

3.7E+00 

3.7E+00 
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Tablt4-8.1 

Scn·ening Le\'el Risk Assessment of thl' Up-Gradient ' Veil Dab 


Final Remedia llll\'estigation Repor t 

O perable Uni t 2, Fle tcher 's Paint Work and Storage Facility 


Milfo rd, New Hampshin ' 
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2 NUDES Chap',,- E",··DW 700 \VinER QUAUIT, STANDARDS. MONITORING. TREATMENT. COMPUANCE AND REPORTING. T.bl.. 7Q.1·1. 705·1. 
705·2. ond 706-1 . FP2010·) Adop'ed'o be e«,....i"" OSJOl Ii O. 

) USEP,\ Region.' Screening l~'-el Sw,un'ryT.bl. M.y 2011 . V.I".. far Tap",a'..-. 

4 ". " . ignif'" "No V.Io"," 

S Valu....,,,,, i. ,he USEP,\ Life.ime Drinl:ilt8 W ....- He.l,h Am'iS<>!)'· NOI. ,ha, .hi. ,-.I"e .Iso .... ~lt ....bli.hed • • ,he In'<'Iim C""""p Le....1far""",!""e",, in y",uldw3t<'f" OUI 

6 V.I"e • ..., .." is ,he "tow Risk" ".1.. 
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Tabll' 5-1 


Ilis torie Inwstigations of th l' Souh .:-gan Rh'l'r 


f'ina l Rl' IIl Nlialln\'Cstigation Rl'port 


O pl'ntbl l' Unit 2, fll' tchl'r ' s Pa int Work a nti Storagl' Facility 

Milfortl , Nl'w llalllp s hi~ 


Exposurl' A l'l'a A na lytical Paranll"tl' l"S 

VI'"r Salllpil' C" t.:-gO I'Y 
Ill'pth 

(inehI'S) = 
· o••·~•• 

O lhl'r 

St'dinll"lIt 

2004 Shallow 0-3 31 o o 31 31 31 31 o 31 o USACEJEPA 
% moisture, grainsize; split 

2006 Shallow 0·6' 20 17 5 o 42 42 42 7 42 42 samples (GE & EPA) 

2007 Shallow 0 -6 6 3 o o o o 9 9 o o USACE/ EPA 
Tot,.1 (0- 6 inchI's) 57 20 5 3 1 73 73 " 16 73 4 2 o 

% moisture, grainsize; spli t 

2006 D~p 18 14 4 o 36 36 36 7 36 36 samples (GE & EPA) 

2007 6· 12 4 o o o o 5 5 o o USACEJEPA 

Tota l (6 - 12 inehes) 22 15 4 o 36 36 41 12 36 36 o 
% moisture, grainsize; spl it 

2006 D t'CP 12 _24" 15 II 4 o 30 30 30 6 30 30 sam )les (GE & EPA) 

% moisture. grainsize; spl it 

2006 D t'Cp 24 · 56d 12 8 4 o 2 2 21 5 2 2 sanl)les (GE & EPA) 

Bank Soil 

2007 Shallow 0 ·3 I 9 3 o o o o 12 12 o o • IUSACr:JE PA 

2007 D~p O· [2 I 9 3 o o o o 12 12 o o - IUSACEJEPA 

Sandbar Soil 

2007 Shallow O· [2 I 2 o o o o o 2 o o o - IYSACr:JEPA 

2007 Dc< 12 · 24 2 o o o o o 2 o o o USACI:JEPA 

Fish Tiss ul' 
Individual Fillet; Split samples 

2006 Redbreast Sunfish 6 6 6 o 18 18 18 18 18 18 (GE & EPA) 

Individual Fi llet: Split samples 
2006 Yellow Bullhead 6 6 8 o II 19 18 18 19 19 (GE & EPA) 

Individual Fillet: Split samples 

2006 Brown Bullhead o o 4 o o o 4 4 o 4 (GE & EPA) 
Individual Fillet: Split samples 

2006 Whi te Sucker 6 6 6 o o 0 18 18 o 18 (GE & EPA) 
2006 White Sucker 6 6 6 o 18 18 18 o 18 18 Composite Whole Body (GE) 

Notes: 
a, Vertical depth of 0" to 6" (+. I") 
b, Vertical depths bt1ween 6" and approximately 12" (deepest sample to 14") 
b, Vertical depths bt1ween 12" and approximately 24" (dce]X'St sample to 27") 

d, Most sampling dt'P ths in this ca tegory arc between 24" and 36" 

Original table produced by Danelle for the Final Supp lemental Baseline Human Risk Asscsmcots, Fletcher's Paint Works and Storage Facility 
Superfund Site, Milford New Hampshire , 

0540t.06 Fin'" Ikllxdiolw,-esoga';"', R<pOn Scp!.mbcr 2011 
OU2, l'le!cbo" ', Pain. WOlt••lIdSll)('~ FlOCilily, Milford, Nil WLD0676"" 
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TMb l ~ 5-2 

2004 S..d imcnt Sa mpling Annl),tk.1 Result. 


"-in al Rem<'tljMllnn'nig~lion R .. poM 


Openhle Unit 2, Fletcher'. I'"iDI Work Mnd Slonge . -aci liry 


l\Iilrord, New !.Ia mpshi .... 


., 
, , 

72 '''' 
-iTo­

066 ~ 130 

" 39 

89 090 
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"., 7J 
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"0 75 no '" 070 

" 8.3U "
,,­

" "" '9" 27' .9U 
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09 

75 " Tv 
204 "70 140 

,~ , , 190 
~~~~1~+=~~4(~~~~~~=t~~~, ~~~~=t1:~=2ct~ct~~~~,~ '-'­ ¥, ~ 

44 22 

dB) 

I"'"'' 

'" 676 

89U 

O.44U 

4.4U 

9.6U 

O.48U 

4.8U 

O.44L 

4.4U 

7.6U 

~ 
100 

O.38U 

3.8U 

6.7U 

0.34U 

HU 

8.9U 

1.00 

O.44U 

32U 

69U 

" 

O.34U 

HU 

"OU 

ifZ 
1J.!!!!!!. 

O.37L 

4.4U 

~ 

O.33U 

HU 
O.33U 

3.7U 

'W 

O.36U 

'.3U 

7U 

O.35U 

33U 

.000 , 

0.4 " 
36U 

0.36U 

3.5U 

0.39U 

4'U 

'50 

O.30U 

36U 

700 

~ 

0 .37U 

)9U 

9.790 000 8.500 7.600 6.000 6.400 4.000 4.500 .000 3.200 4.'00 4.300 3.400 3.700 7.400 4.300 4.600 5.'00 2.800 

194 

O.33U 

JOU 

3.900 

.400 

0.36U 

3.7U 

4.800 

~-+" hi.=~ 050 ~=i ~ 4~ ~ ~ ~ ~ * ~ ' ~~ 
200.000 070.000 '60.000 84.000 69.000 so:ooo 60.000 56.000 40.000 59.000 60.000 65.000 "0.000 74.000 58.000 63.000 47.000 52.000 62.000 

2" 

O.32U 

LJC 

3.500 

3! 

W­
53.000 

O.34U 

3.6U 

3.300 

98.000 

680 

/10 

O.40U 

30U 

11.000 

;;-­
030.000 

Notes· 
Results in pans per billion (j.tglkg) 
E· lndicalcs an cSlimalcd value 3OO\-C the calibration r:mgc of the inslmmcnt 
J- Indicates an estimated value less than the practical qU3111italion limit 
N- Indicated a spiked sample re.:ovcry nOI within comrollimits 
p- ICP-AES 
U- indicates const ilUcllIS are non detected 
· lndieated analysis not within quality CQntrollimits 
See Figure 5-2 for 2()()4 Supplemental Sediment lnvcstigation Locations 
TE TItrcshold Etlects Concentration 
PE Probable Effects Concentration 
TECfPEC values from MacDonald et al 2000> 

Bold Values represent TEC exccedcnces 
Rold 0"'/ Under/i"ed vallles represent PEC cxc~-edcnccs 

OS40t-06 Finat R.modi.t JO\,<>"gatioo R<p(>I1 S<pIcruber 201 t 
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TMbl ~ 5-2 

2004 S..d im~ nt SMmpling A nnl) ,tk. 1 Result. 


"-inMI Rem..diMllnn·nig~ tion R .. poM 

Openhle Unit 2, Fletc her'. I·~i nt Wnrk Mnd Stong.. "-aci li ty 


l\Iilro..d, N ..w I.!a mp' hi .... 
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].4U 4.' U 3'U '.3U 4lU 

'.700 .600 '.000 3.'00 11,000 
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140.000 62.000 120.000 60.000 110 .000 

~RS~ 

§ 

18 
14 

28 

"U 
14 

27 

67U 

C!'~ 

0.34U 

36U 

'.'00 

~ 
76.000 

~ ~~ ~ t:~ ·tft~ 

~R~D~' ~RSl)~ 

~ ~~ 

, 
8.3U 99 " 81 

3lC , 
,.--­

8.3U 14 12 7,­
3lC " 44 

89 110 

6.6U 7U 7.)U ,'U, 
14 180 

~ , 
O.3JC O.35U 0.36U O.47U 

3.6U lAU 36U 4.7U 

, 
'.700 ' .1 00 '.'00 '.600 

E 6J{) 

is­ ~~ 
66.000 86.000 59.000 230.000 

i'=~~~ 
Notes: 
Results in pllrts per billion (pglkg) 
E- Indic3lcs an estim3led value above the calibmtion mnge of the instrument 
J- Indicates an estimated value less than the practical quantitation limit 
N- Indic3Icd a spiked sample recovery not within eontTollimits 
P-ICP-AES 
u- indie3lcs constituC1lts aTe non detected 
·lndic3Ied analysis not within qnality comTollimits 
See Figure 5-2 fOT 2004 Supplemental Sediment Investigation LOC3lions 
TEC- lnreshold ElTt-cts Concentrat ion 
PEC" Probable Etlects Concentration 
TEC/PEC values from MacDonald et aI. , 2000 
Hold Values represent TEe exceedences 
HoM 11/1(( Underlined valut'S rcpreSt'lt PEC excet-dtTlces 
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T"bl~ S·J 

Summary of Suppl~m~nl"1 Fish Coll«!;on A~I;'· ilic. 


Final R~medial ln " "sli gM lio n Report 

Operable Unit 2, Fletcher '. Pa int Work and Storage .-adlily 


Milford . Ncwllamp. hirc 


M"A NEA 

AWHL 

Sample Typc 

Ind;v;duall'ilicl 

,IFil'" 

(skin on) 

, 
(.kin oil) 

Whole-Body Indi"idual While Sucker' 

(N/A) 

D...
II 

Sample 

'" 

~~ 

~AK~.'B-!-NEANEA t-~' ~"Fi~II',,-f,~(~'k;"~~~,mI! ~, 

~,;;m;;,:;Jfml! 1R-RQ,9 

(skin oil) 

, 

, 
16 '" 

, 
,>.> , 
16.' '07 , , , , , 
18.' 

" 

'" , 1226 

, 
86 , 

''''­, , , , 
2.6 134 , , , , 

'-' " 

,7 

M401.()6 f io&l R<w.<dia11",~lip>lioo R<pott 

OW, ~'1t1oh<r'. Pai,u wort..m $loco!!" f ocili!)', ~~Iford. Nil I on 



T"bl ~ S·J 

Summary of Suppl~m~nt"l Fish Coll« tion A~t;'· iti c. 


Final R~media lln,'"sti gMtio n Rcport 

Op~rabl~ Unit 2, Flctcher '. Paint Work and Sto ....g~ .-adlit,. 


Milford , New Ibmp. hirc 


AWIIL 

AWHL 

Sample Type 


Indi"iduall'ilct 


Individual Fillet 

,Sample 

" '" 
(skin oil) 

(skin ofT) 

(N/A ) 

(skin on) 

(.kin oil) 

(N/A) 

(skin oil) 

(skin oil) 

, 
" (. kin oil) 

M401.()6 f io&l R<w.<dia11",~lip>lioo R<pot1 

OW, flt1oh<r', Pai,u wott..m $loco!!" f ocili!)', ~ ~ Iford. Nil 200 



T"bl ~ S_J 

Summary of Suppl~m~nt"l Fish Cull« tion A~t;'· iti c. 


Final R~media lln,'"sti gMtio n Report 

Op~rabl~ Unit 2, Fletcher '. Paint Wurk and Stu .... g~ . -adlit,. 


Milford , New Ibmp. hirc 


Sample Type 

" 
A WilL Whole-Body Indi"idual 

(continued) (N/A) 

Sample 

'" 
, 

NOles: 

l. TOlallcnglh is reported: minimum and maximum 10lallcnglhs arc reported for whole-body composile while sucker samples. 
2 	 Possible substitute species for yellow bullhead eolleeted early in the program before availabi lity ofyello'" bullhead was known; 

EPA elecled 10 anal)",,,, evcn after a sufficient quanlily ofyellow bullhead were collecled 10 meel wort plan lissue ntass requiremenlS 
3. 	 Sample SR-YB-76 was nOI analyzed due 10 insufficicnllissue maS S. 

4. 	 NEA - Northeasl AnalylicaL 
AWIIL _Alpha Woods 1I01e lab 

downstream 
portions of Area Care separaled by a shallow rimcfrun 

7 em· Centimeter 
8 g.Qrams 

9. 	 NIA · NOl appl icable. 

M40t.()6 f io&l R<w.<dia11",~lip>lioo R<pot1 

OW. ~'1t1oh<r'. Pai,u WO!b.m $loco!!" focili!)·. ~ ~Iford. Nil Jon 
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Tabl~ S-6 

Sutnm~ r)" of Sediment I'rohing Acti,' ili"" _ T no nSf'CI' 


Finallt~m~dia lln>'e, ti ga tion It~port 


OJ>{"nlt iun Unit 2 

H etcher's l'a iDI Work. a nd Sto rage f'acilit,. 


Mi lfo rd, Nc\>' Hampshire 


Locli lion 

Dishon«- from 

Ri~bl Blink (ff) 
'Vatcr 

Ueplb (ff) 

Sediment 

T bickness (ff) SedirnenllH-scriplion 

TRANSECT ] 

T- I.I 

T-I-I-A 
0 
I 

3.2 

4 
0 

2.2 

Granite block 
Silt over fine sand o\"er rock 

T-].2 

T-I-3 
T. I_3· A 

21 

42 

50 

4.4 

5 

5 

0 
0 

0.2 

Rock with sands inbctwccn 
Rock with sands inbclwcen 

Medium sand 10 coarse sand over rock (cd c ohand bar) 

T-I-4 
T-I-S 

63 

84 
4.4 
72 

1.6 
0.4 

Medium sand (t-d e of sand bar) 

Coarse sand over rock 

T-I-6 
T-I-7 

T·]·8 

105 
126 
14<; 

5.2 
5 

0 

0 
0 

0.9 

Rock 
Rock 
Silt and fine sand 

T·2·] 
T_2_1 .A 

T-2-2 

0 
7 

16 

1.4 
5.6 

8 

TRAN

0.7 

0 
0 

Fine sand to medium sand with or ank matter o,"er rock 
Rock 
Rock 

SECT 2 

T-2-3 

T-2-4 

32 

48 

7 

5.6 

0.7 

0.1 

Medium sand over rock 

Medium sand over rock 

T-2-S 

T-2-6 
T-2-7 

T-2-8 

64 
80 
96 
112 

6 

6.4 
3.5 

0 

0 

0 
0 

2.2 

Rock 
Rock 
Rock 
Vo fine 10 fine sand wilh or anic mancr o\"er rock 

T-3-1 
T-3- I-A 

0 

3 

0.1 

3 

TRANSECT 3 

0 Rock 
0.8 Very fine sand with fine sand Olvcr rock 

T-3-2 

T·3·3 
T-3-4 
T·3·S 

16 
32 
48 
64 

7.4 
7.8 

6.5 
6.9 

0 
0.4 

0 
0 

Rock 
Fine sand o\'er rock 

Rock 
Rock 

T-3-6 
T-3-7 

T·3·8 

80 
96 
III 

6.5 
7.1 

1.4 

0 
0 

0 

Rock 
Rock 
Rock 

T-4.] 0 0 

TRANSECT 4 

2.9 Fine sand. traee medium sand with or ank matter o\'er rock 
T-4-I-A 

T-4·2 

3 

14 

0.5 

4.5 

4 

2.3 

Very fine sand wilh fine sand, t race medium sand with organic mallCT 
o\'er rock 

Fine sand. traee medium sand with or anie matter o\'er rock 

T-4·3 
T-4-4 

28 
42 

6 
6 

22 
2.1 

Fine to medium sand o\'er rock 
Fine sand o\'er medium to coarse sand over rock 

T-4 -S 
T-4-6 

T-4·7 

56 
70 
84 

6.5 
6.6 

7 

I 
1.9 

0 

Fine sand o\'er course sand over rock 

Medium sand, trace course sand over rock 

Rock 
T-4-7-A 

T-4-8 

96 
97 

5 

1.8 

0 

0 

Rock 
Rock 

T-S-I 0 2 

TRANSECTS 

0.8 Silt over fine sand o\"er rock 

T-S·2 

T-S-3 
T-S-4 

17 
34 

" 

1.7 

3.5 
5.4 

0.8 

0.5 

0 

Medium sand to eoarse sand ovcr rock 
Medium sand to coarse sand over rock 

Rock 
T-S-S 
T-5-6 

68 
85 

5.8 
5.1 

0 

0 

Rock 
Rock 

T-S-7 
T-5-8 

102 
119 

4 
0.3 

0 
0.1 

Rock 
Fine sand 

O$.lO I.(kS Finat R.,,><diot Im~lI"'"'" R<p<)It 
om. I'1e!,ber', l'aint W",1;s ",>0:1 SIOr>g< F. dhry. MilfO<d.lm ~ t ofS 
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Tabl~ S-6 
Sutnm~ r)" o f Sedimenl I'rohing Acti,' ili"" _T no nSf'CI' 

Finallt~m~dia lln>'e' li ga lion It~porl 

OJ>{"nll iun Unit 2 

H etcher's l'a iD' Work. a nd Siorage f'acilil,. 


Mi lfo rd, Nc\>' Hampshire 


Dishon«- from 'Valcr Sediment 

Lo cli lion Ri~bl Blink (ff) Ueplb (ff) T bickness (ff) SedirnenllH-scriplion 

T-6-1 0 
T-6-2 19 
T·6·) 38 
T-6-4 57 
T·6·5 76 
T-6-6 95 
T-6-7 114 

T-6-7-A 107 
T·6·$ 133 

1'.7.1 0 
T.7·2 17 
1'.7-) 34 

T-7-4 51 
T-7-5 68 
1'-7-6 85 
T-7-7 102 

T-7+7-A lllll 
1'.7.8 120 

T-8-1 0 

1'·$·2 19 
T·8·3 J8 
1'.$-4 57 
T·g·5 76 
1'·$·6 95 
1'.$.7 114 

T+$_7_A 126 
T-8-8 133 

T-9-1 0 

T-9-I-A 5 
T-9-2 20 
1'·9·) 40 
1'·9-4 60 
1'·9-5 80 
1'-9-6 100 
T-9-7 120 

1'_9+7_A 138 
T-9-8 144 

T-IO-1 0 
T.1O_ l+A 8 

T-IO-2 19 
1'.10·) 38 
T-IO-4 57 
1'.10·5 76 
1'-10-6 "1'.H}.7 114 

T+1Q..7_A 128 

1'·10·8 13l 

0 
0.5 
l.5 
3.4 
3.7 
3.7 
4.1 
2,8 

0 

0.8 

3.5 
2.2 

3.2 
2,5 
),2 

3.5 

3 
0.5 

1.5 

3 
3.7 
3.5 

2.3 
4 

3.4 

L5 
1.3 

0 

3 
5.5 
2.8 
2.6 
n 
3 

4.5 
0.6 

0 

0 
I 

5.4 
7.5 

6.6 
6 

3.2 

3.4 

2 

0 

TRANSEc r6 

4.2 V fine sand to fine sand 10 coarse sand 10 vc coarse sand over rock 
1.5 Coarse sa nd 10 ve coarse sand, Iracc a,'cl 

05 Medium sand to eoarse sand, 10 ve eoarse sand on:r rock 

0.6 Mcdium sand 10 vc coarse sand over rock 

OJ Fine sand 10 mL'{)ium sand over rock 

0.5 Fine sand 10 mL'{)ium sand ovcr rock 

0 Rock 
3 V, fine sand OVCT rock 

3.5 Very fine sand and organic matter 

TRANSt:cr7 

0 Rock, cobble, and avel 

0.1 Coarse sand. ravel, and rock 
0.1 Coarse sand. gravel, and rock 

0.1 Coarse s.1 nd. vcl. and roc k 
0.1 Coarse sa nd. gravcl , and rock 

0.1 Coarse sa nd. vel. and rock 
OJ Coarse sa nd, vcl , and rock 

0.1 Coarsc sa nd,.grnvcl. and rock 
).5 , . 

" '" \\, ' t , 
" '" 0 " '"' "" " "" " TRANSEc rs 

OJ Yo fine sand OVCT rock 

0.2 Medium sand over rock 

0.1 Coarse sa nd and vel over rock 

0.1 Coarse sand and gravel over rock 

l.l Fine sand to coarse sand behind IO- inch boulder 

0.2 Coarse sand and ravel ovcr rock 
I Medium sand to coarse sand oyer rock 

3.6 V fine sand and finc sand over rock 

3.2 Very fine sand and finc sand wilh organic maller over rock 

TRANSECf9 

0.1 Si ll and ve line sand wilh or 'anic maner 

0.2 Si ll and ve fine sand wilh or ·anic maner 
2.5 Mcdium sand 10 coarse sand oycr rock 
L7 Fine sand 10 medium sand 10 coarse sand wilh ,vel o'cr Ii hi finc sand 
3.4 Finc sand to medium sand 10 eoarse sand with vel O\'cr Ii In fine sand 
2.6 Fine sand to medium sand 10 coarse sand with vcl O\'er Ii In fine sand 
6.5 Fine ,and 10 medium sand 10 coarse sand wilh ,velo,"crti hI finc sand 
2.7 Fine sand 10 mL'{)ium sand 10 coarse sand wilh velo'crli hi finc sand 
5.6 V fine sand, some fine sand, trace or ank matter 

4.5 Very line sand Iracc coarse sand, lrace sill over hard bonom 

TRA!"iSECT IO 

2.2 Yo line sand wilh finc sand ovcr rock 

3.4 V fine sand \\'ith fine sand, t race silt 

1.2 Yo line sand wilh Iracc of sil l o'"cr roc k 

0 Rock 
0.1 Mcdium sand ovcr rock 

0.3 Medium s.and to eoarse sand wi th gravel ovcr rock 
3.2 Finc SIIIld to coarse sand o\-"er stiff sand 

2.8 Fine sand to eoarse sand ovcr rock 
0.2 Fine sand o\'er rock 

3.8 V fine sand and finc sand over hard bottom 

OS-l(l l .(k\ Finat R.,,><diot Im~lI"'"'" R<p<)It 
om, ''''',ber', l'aint w ",t;s ",>0:1 SIOr>g< F. dhry, MilfO<d, 1m 



Tabl~ S-6 
Sutnm~ r)" of Sediment I'rohing Acti , ' ili"" _ T no nSf'CI' 

Final lt~m~d i a lln>'e, ti ga tion It~port 

O J>{"nlt iun Unit 2 

H etcher's l'a iDI Work. a nd Sto rage f'acilit,. 


M il ford, Nc\>' Hampshire 


Dishon«- from 'Vatcr Sediment 

Lo cli lion Ri~bl Blink (ff) Ueplb (ff) T bickness (ff) SedirnenllH-scr iplion 

TRA!"iSECT II 

T-ll-I 0 0 0.1 Fine sand ovcr rock 

T-1l-2 14 3.5 0.3 Mcdium sand 10 coarse sand over rock 

T-1l-3 28 6 0 Rock 
T-II-3-A 33 8 0 Rock 

'1'-11-4 42 9.6 0 Rock 
T-1l-5 56 6.5 2 Fine sand 10 coarse sand ovcr sl iff sand 

'1'·11·6 70 4.5 4.8 Gravel and finc sand \0 coarse sruld ovcr rock: 

T-1l-7 84 3.1 0.9 Gmvc1 and finc sand 10 coarse sand o,'cr sliff finc sand 
T. II_7. A 93 1 9 3.4 V fine sand over medium sand to coarse sand over stiff sand 

T. ll ·8 96.5 0 5.1 Finc silt over v finc sand over sti ff fine sand 

TRANSECT 12 
T. 12.1 0 0.3 '2 V finc sand wi th or anie matter 

T-1 2-2 17 , 0 Rock 
T-12-3 34 4 l.l Fine sand 10 mt-dium sand over roc k: 
T.]2.4 51 47 0.4 Fi ne sand over eoarsc sand over rock 

T-12-5 68 4.6 0.2 Coarse sa nd over rock 
'1'.12_6 85 43 0.8 Medillltt sand 10 coarse sand 10 vc coarse sand over avcl 

'1'-12-7 102 3 1 Gravel and rock over finc sand \0 coarse sllnd o,'cr rock: 
T.12·7. A 115 13 I' Gmvello " coarse ~and ovcr medium to coarse sllnd over h'lrd oollom 

T-12-8 121 0 2 Very fine sand ovcr vcry coarse sand, trace organic mailer 
T RAt"iSECT 13 

T-13-J 0 0 4 Very fine sand and fine sand ov~.,- hard bottom, trace organic mailer 

T. I3.I.A 4 0.7 3.4 Very finc sand and fine sand, lrace organic malter, trace silt, lraec sheen a t 
Ifoo< 

T-13-2 17 2.3 16 Yo fine sand to mt-dium sand lracc or 'anic matter o,er rock: 
T·13·3 34 3.4 16 Coarse sa nd tovery coarsc sand over rock 

T-13-4 51 2.8 2,9 Coarse s.1 nd to ,'e coarse sand with' vcl 

T-13-5 68 2.9 1.4 Coarse sa nd to very coarse sand with gravel 

T-13-6 85 2.5 0 Rock 
T-13-7 102 5 0 Rock 

T-13-7-A 115 2 0.5 Very fine sand and finc sand ovcr rock 

T·13·8 119 0.5 ' .8 V fine sand and finc sand over rock: 

TRMSECT 14 
'1'. 14. 1 0 0 4.6 V fine sand to fine sand wi th or anic malter o,'er rock: 

T. 14 I.A 3 1 5 Very finc sand to fine and medium sand wilh organic maner over 
gravcllrock:, tracc sht'Cn al 1 Foot 

T. 14.2 16 2.9 '2 Very fine sand to fine sand o,'er vcry coarse sand to coarsc sand with 
organic matter 

T-14-3 32 4 1 Coarse sa nd to very coarse sand and gra,·cI 

T-14-4 48 5.8 0.7 Gmvc l and vcry coarse 10 coarse sand 

T.14· 5 64 66 0 Rock: and avcJ 

T-14-6 80 5.5 0 Rock and gravcl 
T.14.7 96 55 0 Rock and avcJ 

T- I4-7-A 110 l.l 0 Rock llnd vel 

T-1 4-8 112 0.9 2 Very fine sand and fine salld ovcr roc k: , tracc organic mailer and silt 

T RAt"iSECT IS 

T-15-1 0 0.3 6.2 Yo fine sand to fine sand wilh or an ic mailer over rock: 

T- 1S-l-A 4 18 6.1 Yo fine sand and fine salld ovcr mcdium sand o.-cr stiffbollom 
T-1 5-2 23 3.3 0.7 Medium sand to vc coarsc sand 
T-15-3 46 7.2 2,1 Rock! ravcl ovcr v fine 10 finc sand over rock 
T-1 5-4 69 9.5 0.3 Yo fine sand ovcr rock 

'1'-15-5 92 9.5 1.5 V fine sand over coarse sand over rock 
'1'. 15.6 115 55 6.2 V fine sand to fine sand o\'er medium sand 10 coarsc sand over rock 
'I' 15-1 138 3.8 6.4 fine sand to fine sand ovcr medium sand 10 coarsc sand O\'cr rock 

OS-l(l l .(k\ Finat R.,,><diot Im~lI"'"'" R<p<)It 
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Tabl~ S-6 
Sutnm~ r)" of Sediment I'rohing Acti , ' ili"" _ T no nSf'CI' 

Final lt~m~d i a lln>'e, ti ga tion It~port 

OJ>{"nlt iun Unit 2 

H etcher's l'a iDI Work. a nd Sto rage f'acilit,. 


M ilford, Nc\>' Hampshire 


Dishon«- from 'Vatcr Sediment 

Lo cli lion Ri~bl Blink (n) Ueplb (n) T bickness (n ) SedirnenllH-scr iplion 

T.15_7. A 149 22 

T- 15·8 159 0 

T-16·1 0 0 

T- [6-[-A 2 2 

T-16-2 10 4 

T-16-3 20 6.4 
T~ 16_J_A J8 '.5 

T. 164 60 5.7 
T_164.A 71 2 7 

T-16-S 76 0 
'1'-16·6 0 0 

T·[6-6­ A 10 IS 
'1'. 16·7 20 3.1 

T- [6-7-A 27 0.4 

T-1 6-8 JJ 0 

T-17-1 0 0 
T 17. I_ A I 2.5 

T-17-2 10 19 
T_17_2_A 20 2.9 

'1'·17-3 40 1.5 
T_ 17_J_A 60 1.2 

T-174 78 0 
'1'_17·5 100 0 

T- 175 A 103 0.7 
T- 17·6 118 1.1 
T-17-7 \38 1.4 

T-17-7-A 141 0.9 

T_17·8 154 0 

T-18·1 0 0.' 
T.18· I_ A 4 2 

T-1J!-2 17 4.4 
T- [8-2-A 25 5 

T-18-3 34 3.5 

T-184 51 2.2 
T-18-S 68 1.7 
T-18-6 85 1.6 
T-18-7 \02 2.3 

'1'-18·8 I I' 0 

T- 19­ [ 0 0.4 
T_19 I_A 10 3 

T-19-2 19 n 
'1'-1 9-3 38 3.1 

T-194 57 5.6 
'1'-1 9-5 76 5.9 

T-19-6 95 5.5 
T-I9-7 114 5.5 

T-19-8 135 1 

8.9 Vcry fine sand, trace silt and organic matter. trace fine sand, trace sheen, 
trace organic odor 

I Brown silt wilh vcry fine sand and organic matter, lrace organic odor 
between rocks, over rock bouom 

TRA!"iSEC r 16 , Vcry fine sand and fine sand, somc si ll , organic maller, roots Over hard 
bonom 

3 Yo fine sand or anic malll'J, lrace si ll 

3.5 Coarse sa nd 10 very coarse sand wilh gravel over sil l wilh fine sand wilh 
organic mailer (wood) ovcr hard bonom 

0.1 Gmvcl and,' coarse sand 
0.8 Gravel and vcty coarse sand ovcr rock 

IS Gravel and vc coarse sand over mcdium 10 coarse sand o,'cr rock 
0.5 Vcry fine sand ovcr v coarse sand 
2 V fine ~and 10 fine ~'nd ovcr ve coarse sand Ri hi tl'lnk ofi~land 

4.3 Fine sand ovcr sliff sand (Lc ft bank ofisland) 

3.9 Fine sand 10 medium sand over medium sand and gran:1 
2.3 Fine sand to coarse sand ovcr v coarse sand 

0 Rock 
0.5 Sill and finc sand belwCl'1l rock 

TRA!"iSEc r 17 

4 Yo fine sand, lrace silt, fine sand, rOOIS 

4.1 V fine sand to fine sand 10 mcdium sand o,'cr rock 

IJ Medium ~d and organic mailer 
0.1 Gravel and vc coarse sand 

4.2 Gravel and coarse 10 ve coarse sand 
4.9 Gravel and vc coarse sand ovcr mediwn 10 coarse sand 

I ' ine ~1nd 10 medium and com-sc ~1nd to ' "C coarse ~U\d and 'rave 
L2 ., , , coarse sand and ravel 
6.3 ., , coarsc sand and ravel 
5.7 n'san 0 " "" , . san " coarse s.lnd and ravel 
4.9 Fine sand to mt'{]ium and coarsc sand 10 ,"cry comse sand and grave! OVCT 

'ock 
4.5 Fine s,lnd to mt'{]ium and coarsc sand 10 ,"cry coarse sand and gravel OVCT 

'ock 
5 Vcry fine sand, trace silt , tracc fine sand, organic matlcr 

TRA!"iSEc r I II 

0.4 Ti ht finc sand, tracc vcl 
I Fine sand. lrace ravel 

0.6 Gravel and fine sand O\'cr rock 

0 Rock 
0.5 Rock and gravcl and vcry coarse sand 

3 Mcdium to coarse sand \0 vc coarse sand with vel and rock 

3.4 Mcdium to coarse sand \0 vc coarse sand with ave! and rock 

2 Mcdium sand to vcn' coarse sand and £:ra,"cI 
1.4 Fine sand to lllt'{]ium sand ovcr rock 

24 Ti ht vcry fine sand to fine sand trace grovel and organic matler 
TRAt"iSECT 19 

0 
0.3 

2.1 
4.9 

4 
0.6 

1.6 
2 

4.3 

Rock 
V fine sand (so ft ) 

Yo fine sand ovcr vc coaTSC sand 
Very fine sand over fine 10 medium sand 

Fine sand to ravcl ovcr roc k 
Gravel and very coarse sand over rock 

Fine sand and ravcl over rock 

Coarse sa nd and gravel with organic matter o\"cr fine sand o\"cr "cry 
coarse sand 

Very fine sand with organic matter o\'er fine sand 

OS-lOI .(\6 fin.t R. "ledUt Im~t"'" R<po<t Sopo..,...,. :!OIl 

002, f lotob<r ", !'ail< Worh ..'" SIOr>g< f""itity, Milfor<l Nil \\'L0067~ 



Tabl~ S-6 
Sutnm~ r)" of Sediment I'rohing Acti , ' ili"" _T no nSf'CI' 

FinaI R~m~d i a lln>'e, ti ga tion R~port 

OJ>{"nlt iun Unit 2 

H etcher's l'a iDI Work. a nd Sto rage f'acilit,. 


M ilford, Nc\>' Hampshir e 


Dishon«- from 'Vatcr Sediment 

Lo cli lion Ri~bl Blink (ff) Ueplb (ff) T bickness (ff) SedirnenllH-scr iplion 

TRA!"iSECT20 

T-20-1 0 0.8 I Gmvcl and mt-dium sand 10 vcry coarse sand 

T-20-2 18 3.2 0.8 Gmvcland " coarse sand 10 coarse sand 

T-20-3 36 4.2 1.8 Gm\'cl and \'cry coarse sand 10 coarse sand 

T-20-4 54 4 1.8 Gm\'el and ,'c coarse sand 10 coarse sand 

'1'-20-5 72 2.3 0.7 Gro\'el and \'e coarse sand 10 coarse sand 

T-20-6 90 2.5 4 Gm\'c l and ,'c coarse sand 10 coarse sand 

'1'·20-7 108 I 6.8 y finc sand, Imcc finc sand. lrocc silt, or anic mallcr 

T-20-7-A 115 2.2 5.5 Vcry finc sand and si ll. OJganic mallcr, Imcc gm,­ cl 
1'.20-8 125 I 4 

TRA!"iSECT 21 

1'·21. 1 0 0 I Y fine sand wi th tracc silt of hard bottom 
1'·21 I.A 9 L2 4.5 y. finc sand wi lh Imcc finc sand m 'er , 'C coarse sand with silt over 

T-21 -2 16 1.9 l.l Yo finc sand ovcr vc coarse sand 

'1'·21·3 32 21 0.6 Rock and ravel and vc coarse sand 

T·21-4 48 2 0.1 Rock and gravcl and vcry coarse sand 

T-21-S 64 2.5 0.5 Rock and mvel and vc coarse sand 
'1'.21_6 80 3.5 0.5 Rock and vel and vc coarse sand 

T-21-7 96 5.4 0.5 Rock and 3vc l and vc coaTSC sand 
T.2 1.7. A 110.5 2.4 3.1 Rock over , 'C finc sand over , ' coaf'SC sand 

T·21·8 114 0 3.5 Rock and gravel ovcr very finc sand ovcr very coarse sand 

TRA!"iSECT 22 

T·22-1 0 0 0.6 Si lt and v finc sand ovcr rock 

T-22-1-A 3 1.5 0.5 Yo finc sand ovcr rock 

T-22-2 17 2.5 4 Vcry fine sand with silt and organic mailer ovcr mcdium sand to "CT)' 

coarsc sand ovcr a silt wilh sheens and organic odor over rock 

T-22-3 34 2.5 6 Vcry finc sand wilh sill and organic mailer ovcr mcdium sand to 'CT)' 

coarsc sand ovcr a silt wilh sheens and organic odor over rock 

'1'.22.4 51 58 1.8 Y finc sand ovcr v coarse sand over mcdium sand ovcr rock 

T·22· 5 68 72 1.8 Finc sand ovcr rock 

T·22·6 8S 10.1 3.4 Finc sand 10 mcdium sand, lracc ra"el o,'cr rock 
'1'.22.7 102 72 l.l Coarse sand to v coarse sand wi th gravel and rock 

T·22·7. A 116.5 2 4 Rock and avc and coarse sand 10 ,-e coarse sand 

T-22-8 119 0 2,5 Finc sand 10 mt-dium sand 

TRA!"iSECT2J 

T-23-1 0 0 4 Yo finc sand, lracc sill , over medium sand over rock 

T·23· 2 9 4 2.3 Y finc sand ovcr finc sand ovcr coarse sand ovcr rock 

T-23-3 18 5.4 0.6 Gm\'c l and ,'c coarse sand 
T.2J-4 27 55 2.5 Rock and grovc l and , 'C coarse sand O\'er rock 

T·23·5 36 65 0 Rock 
T-23-6 45 7 0 Rock 
T·23·7 54 65 0 Rock 
T-23-8 65 0.1 0 Yo finc sand wilh Imce sill belWt'Cn boulders 

Note: 


I, Rerer 10 Figure 5-4 lOr sediment transect and probing locations, 


2. Right bank is equiva lclU 10 the nonh l).1nk, looking in an upslrCam diTL'Ct ion 

O$.lO I.(k\ Finat R.,,><diot Im~lI"'"'" R<p<)It 
om, ,'Ie<,ber', l'aint W",1;s ",>oJ SIOr>g< F.dhry, MilfO<d.lm 
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T.bl. 5-1 Watermar!o; 
SUULI..>,,'or SeW",ou' T ....IIH<' De>crip';"ull Ob>Ccn.;"u. 

HIl.1 R.medi. l lu,.."ip,iou R'p"rt 
Op.... ';"n U.i, 2 

FI. ,ch<c', r ain' Wock. and S,o""g< Focili.)· 
Milror<!. "'·...· II.n'p'hi .... 

Tcan""~' Loca. ion 

T o.a l 
W id.h (n) 

Anrage 

Wa'"r 
l>ep.h (n) 

A'·...g. 
St'di n,u , 

Thi~kn. .. (n) Norlh Dank I>e"" ription Sou lh Dank D...criplion ,., Approximalcly midway betw""n 
tht brida< and lhe darn '" ,.. "' Approximately 20' high grnnile wall Wilh 

vines/Wgeta,ion 

Approximalely J5' high granite wall with 4_5' 

wide sediment deposit a, the bonom wilh 

ngcL\hQn 

'·2 ))ownriver side ofbridge f,ce 

approximately:SO feel upSlream 
ofT_I 

'" SA " Approximatdy 20' high g"mi,< wall wi,h 
,.inesl....getalion 

Approxim",dy IS" high gnmi.c w.1I with 4-S" 
wide sediment deposit at lbe bonom with 

ngctAhQn .., Ups,re.m lide of bridge '" 6.2 " 10" high steep b.nk with ,·egcla.ion .nd 

~itebl""k." 8_inch cmp 8' hilP!, 12·inc 
cmp 10" high 

JO" high gnnitc wall wi,h )-St01)' brick buildin 

above wall 

,~ Approximately 75' upstream of 
bridge " 5,5 

" 
5' high shallow bank Wilh vegetation JO' high granile wall with 3_Slory brick buildi.. 

above wall ,., 200' upstream ofT-4 '" ,. 
"' 5' high steep bank Wilh vegetation 8' high granite wall Wilh 4.story residential 

building abon w.1I 

H 200" upStream ofT·5 U; " U 3' high ~allow bank with , ·eIlCla.ion, Ir«$ 

20' back frQm .he ri\'<T 

l' hi,lh shallow \>ank wi,h ' "<gela,ion. 1n:<:1 30" 

\>ack from the ri,·CI ,., 200" upslream ofT·6 no 2.' "' 3' high shallow bank Wilh """•. Jarge 
bould<T .nd "egel",ion 

12' high shallow bank with trees and "egetalion 

... 200' upStre.m ofT.7 U; " " 2' high shallow bank wilh ngctation. 10" in 

from river. 6' high shallow bank with 
"ege",tion and .rees 

4'high s.eep \>ank wi,h ' "<gela,ion .nd In:<:$ 

.., 200' upstream ofT·8 '" " 2.2 12' high s.eep bank with , ·egcla.iQn and 

trees 

10" high shallow bank ",ith ngctation and trees 

T_IO 200' upstream ofT·9 U; ,.. 
" 

S' high shallow bank with , 'egelation and 

sm.ll 'rC'C$ 

JO' high Sleep \>ani< with "ege""ion and small 

,,= 
T-II 200" upstream ofT-l0 %.5 ••• ,.5 2' high a, wat<l's cdge. nat fQ< S" back from 

water. 8' high Sleep bank 

) ' high shallow bank wi,h veg"",tion and .rees 

25 f"", from Ihe waler 

T-12 200" upstream of T-II 121 '2 ,. 6' high Steep bank wi,h larg< 'ree 10" frQm 

water alld sman foolpalh 10 the waler 

2' high shallow bank wi,h ' ·<gela,ion. 1n:<:1 15' 

\>ack from the riwr 

T_13 200" upstream of T_J2 '" 2.' 
" 

3' high shallow bank with vegelalion and 

1n:<:1 20" back frQm rivo 
4' high Sleep bani: wilh '-.getalion. le"e! for 5_ 

6', 6' high steep \>ani: wi.h ' "<gela,ion .nd" 3· 

high granile wall on lOp 

T_14 200" upstream of T_J3 H2 " " 
5' high shallow bank with vegelalion and 

sm.II'rees 

30' high Sleep bank with trees and "egetalion 

T_15 200' upstream ofT_J4 '" 5.7 2A 8' high shanow bank (sand). Reerealional 
arcA wilh rQpc swing. 

18' high Sleep bank wilh , 'egelalion and trees 

O'>KII4fio..tlR-.liol ....~"""'" 
ou!__-, _ W""', -.d -. f'o<.bry. Milro.d.:<U 



T.bl. 5-1 Watermar!o; 
SUDLln>,,' orSeW",ou' T ....IIH<' De>crip';"ull Ob>Ccn ';"u. 

HIl.1 R. medi.l lu,.."ip,iou R' p"rt 
Op.... ';"n U.i, 2 

FI.,ch<c', rain' Wock. and S, o""g< Focili.)· 
Milror<!. "'·...· II.n'p'hi .... 

1'0 •• 1 ~~::~' -;;::::,,I Tco. " " N."..,."UK".' """",.,, " 
" trees IS ' , .".,."",,,",,, .m," T·" ''" " '" , "~ 

'" ;;W U . ,,,'",,',,."''' ., ",""'00 "'" .=" 
,,~ , ,,~ '"' 

. ,,,,,.,,,,",,,,..W ., ",""'00 "'" .=" '" " '"' ""'­,. ". "cr> ,,,.,,.,,,, '"'T." d"., ' '" " ,..T·" ""M~'
, ".""'" ,..'" " '~"''''m~ """."'"' 

" 
U ; >OM'T·" .' ",",,",, , 

bonk 

.',,"', 
,,~ 

, ," .""',, 
,,~ '" " " ,,,,,,,.T·;; ' 0 ,.=" 

,,~'" " '"' .•m.'",;.''''·''''"''' 
,. Small"" UT·" ,"',.""...,' , ," "" ~." , 

~ 
I. Refer 10 Figure 5-4 for sediment lran....,1 and probing localions. 

0'>KI146 o..tI R-.Iiol ......,.;p.;o. """'" 
OU!. _', _ W"",,, -.1-.,. , 'o<.bry. Mill"o.d.:<t! 



Tab l~ S-tl 

Sunmury or Sooimpnl Probing AClh'ili~~ _ Ilepo, ill 


R~ml'di~ l l D\"esliga lion Re por l 

O pcralion Unill 


Flclcher'~ Pa inl Wor k. a nd Sioragp h d lilr 

;\I ilrord, Np,",' l1 ampshirp 


I>eposit Location 

Length 

(" ) 

}:~I imaled Olm ensions 

Width J>to pth Arn (sq 

(" ) (") " ) 
Volume 

(C)') l>eser ipt ion 

Dcposil- I 

il-2 

From 20' downstream ofT-4 I to 80' upslrcam ofT-4.1 on right bank 

From T-5-1 downstream 50' . 

100 

50 

4 

6 

3 

L3 

400 

300 

44.4 

16.7 

Very fine sand to fine sand wilh Irace of coarse sand and 

organic mailer 

Medium sand to coarse sand with I'e! and rocks 

osil-3 

lkposil-4 

From 20' downstream ofT-6-8 to 10' u Ircam ofT-6-8 

From 75' downstream ofT-9-8 to I SO' upstream ofT-9-8 on left bank 

30 
223 

3 

10 
L3 

4.3 

13O 
2,250 

8.3 

375.0 

Fine sand 10 coarse sand with anic mallCT 

Very fine sand. trace fine sand with organic mailer and silt 

",IT 
Deposil.' In a backwater area from T.l0·l (k,mllSlream SO' 50 13 , "0 111.1 Very fine sand 10 fine sand wilh sill and organic maner. 

lkposit-6 From 30' downslream ofT-14-1 1035" upslream ofT-14-1 , along righl bank " 6 3 430 50.0 Very fine sand 10 fine sand wilh coarse sand, lrace organic 
maller and silt, gral'el wilh tree Slumps. OI'CT rock 

lkposit-7 From 30' downslream ofT-17-8 10 50 feel upslream ofT-1 7-8 along len 

"". 
80 13 4 1,200 177.8 VCT)' fine sand 10 fine sand, lrace medium sand 

lkposit·8 Backwater area extending approximately ISO fcet upstream from T. 19 1 

along right bank 
13O 30 3 4.500 833.3 Coarse sand 10 \ery coarse sand. Upstream portion of 

backwater area has 0.5 fOOl of sill with Irace of organic mater 
oyer the sand . 

lkposit·9 From 75' downstream ofT·20·8 to 75 f~"Ct upstream ofT·20·8 along left 

"'.ok 

13O 50 " 7.500 1.806 Very fine sand with silt oyer coarse sand to vCT)' coarse sand 

oyer silt with organic malter and organic odor 

Ikposit- IO From approximately 60' upstream ofT·21 I to approximately 110' upstream 

of T·21.1 along right bank 
50 30 , 1.500 222.2 A\'Crage 2 f~"Ct alx)\'e the waterline with vegetation and small 

trees. Alerage 2 feet below the waterline . Silt and fine sand 

10 medium sand, I'ery coarse sand 10 coarse sand. gral'eI, rock . 

Ikposit­ ll Backwater area extending approximately 100 fcet upslream from the right 

side of the river approximately SO' upstream from T·22·1 

100 30 , 3.000 666.7 Coarse sand to \ery coarse sand with trace gravel over silt and 

fine sand with organic maller, organic odor, and sheens. over 

vCT)' fine sand to medium sand. 

vegetated. 

Banks and shore heavily 

'"'"I . Refer 10 Figure 5-4 for sedimenllranSCCI and probing locations. 

2. Righi bank is cquil'alenllO Ihe north bank, looking in an upslream dircclion. 

05401.0.\ f inal R<W«Iiallll\~"p"oo R<poo1 s.po..oo.rlOl1 
OUl. ftm""" , I'aio, "'orb .00 s~ f><ilily, Mitford. Nil P'~lofl ""'LD0616 
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TableS-IO 
2007 Sediment anti Surface Soil Sampling Analytical Data 

Final Remetiialln \'Cstigation Report 
Operable Unit 2, Fletcher's Paint Work anti Storage Fad lit}' 

Milford, Nt'w Hampshire 

50-35-0006 
0- 6 6 - 12 ) -6 6­

SD-' 
0-6 
I 

0-6 ) - 6 
50-41-0006 

0- 6 
61131200 

0-6 
611 312007 

50-41 
0-6 

SD-42 
0-6 

SS-O 1-0003 
0-3 

611312001 

1U 1 ~ 

1221 
1232 
1242 

0#" 
0#81 
0# 105 

I 
I 

~#126 
~#156 

--"-'~ 
9. IU 

.!2IL 
8.7U 
8 7U 
8.7U 

HI! 
8.8U 
8.8U 
8.81 

22~ 
7_9U 
7 9U 
7_9U 

~~--~~~~~-+~HD~~ 
91U 
9. IU 

92U 98 U 7 8U 
9.2U 96 7. 8U 

8.6< 9. 1l 9_ . 9.4t 9.IU 
0.36 5.6 0.68 O.23U 0.23l mu O.22U 0.23l 0.43 O.23U 0.22 U 

O.22 U 0.41 23U 0.23U om 23U O.22U om 23l O.23 U O.22 U 
0.4 5. 1.3 0.42 0.23l .13U 0.22U 0.23l OA4 O.23U 0.22 U 

, 10 '.47l ~ ~ 

O. I8U 
O.I8U 
O.I8U 

.m 
22IJ 
.m 

'_2U 
'_2U 
'_2U 

9. 

0.24 
0.23U 
0.26 

9_81 

'_8< 
0.8 

O.25U 
O. 

OA9U 

~.@:: °02:~ )~~~ ~.~~~ ~:ill )~~~ ~@::~:ill )~~ ~ ~.~~~ ~.~~~ ~::~:~~ ••~~ :~~~ °02:~ 
O.22 U 22IJ 23U III '.23l 23U 0.22U '.23l m 0.22U 22IJ ' 2t III O.25U 

0.2U 
0.2U 
0.2U 
.39U 

0.2U 
0.2U 

.2U 

~~-7~~~~~~~~~--~--~~~~ ' ~ ~~~~1-~~~~~~-r~0~~~~ 
O.22 U dftf7-+-~~~-+-~0,.~:22U~~~2~3l -r~~-+~~~~0~,. :2~2U -+~~~~~~r-~T-+-~~-r~%~~~-~~~~ 
O.22 U )83 OA1 0.42 om 23U O.22U om 23l O.23 U O.22 U O.I8U 22IJ '_2U O.23U OAI 
O.22 U O.22 U .13U O.23U o.m .13U O.22U o.m .13 l O.23U O.22 U O.I8U .m '_2U O.23U O.25U 

0# 180 
0# 189 

-0"" :B 60 676 29 69 0 " 31 3.5 0.79 O.22U 15 54 O.22 U O.I8U 2.5 0_2U 40 180 

0.2U 
0.2U 
0.2U 

Notcs: 
Results in parts per billion (lAg/kg) 
U- indicates constitucnts arc non detected 
Sec Figure 5-5 for 2007 Sediment and Soil Sampling Locations 
TEC= Threshold Effects Concentration 
PEC= Probable Eflects Concentration 
TEe/PEC values from MacDonald et aI. , 2000 
HoM Values represcnt TEC exceedences 
Hnld ami U"derlilled values represcnt PEC exceedences 

05401-06 finAl R=>etIialln\'CS1iga1i<)n Rcpon S<p.crnba 2011 
OU:!. Fk1Ci>cT'S Paint Works and S10rage FlICility. Mil Ford, Nil Page I 00 W1..D0676 



TableS-IO 

2007 Sediment anti Surface Soil Sampling Analytical Data 


Final Remetiialln \'Cstigation Report 

Operable Unit 2, Fletcher's Paint Work anti Storage Fadli t}' 


Milford, Nt'w Hampshire 


I 10, 
I D'p.h 

~. 
TEC I PEC 

IU I"­I 
I 12: 
I 1232 
I 1242 
I 
I 
I 

0#70 
0#81 
0#105 

~ 
1# 1: 

0#126 
0#1S6 

57 

~ 

: #180 
0#189 

'0'" PCB 60 676 

SS-OI-ool2 12 SS-3-0003 
0- 12 0-3 0­ 3 - " 0-3 

611312001 I 611412001 

,,-2, 1<,1 ~ '~4L1. I<,ILI. ~ 
OX '.IU 'AU '. Il 7.Sl 
0.4l '.IU 7.4U 8. ll '.8l 
OX 8.IU 7.4U ' .Il '.8l 
Oll 

O.ll 
0.2 l 0.2U 0_19U O.2l 0.2l 
0.2l 0.2U O_19U O.ll 0.2l 
OX 0.2U 0_19U 0.2l 0.2l 
0: '.39U 

O.ll m 
0.2 l 0.2U 0_19U O.2l 0.2l 
8U 02U o lOU 02l 0 2l 

'.21 

'U 0.2U O_19U O.ll 0.2l 
8U 0.2U 0_19U O.2l 0.2l 

OX 0." 16 OX 0.2l 

12 
0- 12 0-3 0­ " 0-3 0- 12 

6/1312007 

I<, --".2iJ I<,4L1. ""'IJ JIc5IJ 
"­ 9.2U 'AU 8.6U 9.5U ,.. 9.2U 'AU '.6U 9.5U 
' .2U 9.2U 8AU ' .6U 9.5U 

~ 
I.J 7.6 0.24 0 O.24U 

O. 0.62 0.21 U 0.1I ' O.24U 
1.1 8.2 0 0.1I , O.24U 

,.4 I 
O~ 
0., 

0 0.28 0.21 U 0 O.24U 
0 18 02lU Oll , 024U 

'.1I U '.1I ' '.24U 

~ , '.1I U 
0.25 3.6 0.1I U 0.1I ' O.24U 
0.2U 0.21 U 0.1I , O.24U 
32 300 5.6 0.1I ' 0.79 

0-3 0- 12 ) - 3 
I 611212001 

~ ~ ~ 
'.5U '.: 8.3U 
8.sU '.3U 8.3U 
,.sU 8.3U 8.3U 

0.'4 O.2IU 0.21 
I O.2IU 0.21 

I O.2IU 021 
0 

I 

O. I O.2IU 0.21 
OA' 02lU 021 

I III .21 

I 

1.3 O.2IU 0.21 
O. I O.2IU 0.21 

SO IS 0.21 

0- 12 0-3 
611 21200 

'2'J 7J1~ 
' _5U 7.9U 
8_5U 7.9U 
8.5U 7.9U 

0 '.2U 
O. '.2U 

'.2U 
04: 

0 '.2U 
0 '.2U 

.12 '.2U 
0 '.2U 

7. '.2U 

) - 12 

"-21 ~ 

~~ 
0.3' 

0 : 

0.: 
O.2I U 
O.2IU 
O.2I U 
0: 

0.: 
O.2I U 
83l 
'.ll 

8.3l 
' .3l 

) - 3 

I()IJ 
IOU 
IO U 
IOU 

0.35 
O.26U 

OA 

O~ 
O.26U 
026U 
'.26U 

~ 
0.26 

O.26U 
52 

Notcs : 
Results in parts per billion (llglkg) 
U- indicates constituents are non detected 
See Figure 5-5 [or 2007 Sediment and Soil Sampling Locations 

TEe= Threshold Effects COllcentratioll 
PEC= Probable Eflects Concentration 
TEe/PEe valucs from MacDonald et aI. , 2000 
Holt! Values represent TEe exceedences 
H(lld ami U"derlilled va lues represent PEe exceedences 

05401-06 finAl R=>etIialln\'CS1iga1i<)n Rcpon S<p.crnba 20 11 
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TableS-IO 

2007 Sediment anti Surface Soil Sampling Analytical Data 


Final Remetiialln\'Cstigation Report 

Operable Unit 2, Fletcher's Paint Work anti Storage Fad lit}' 


Milford, Nt'w Hampshire 


Sample 10: 
Sampl e Depth (inches: 
Date Collected: TEC PEC 
PCB's 

Aroclor 101 6 
Aroclor 122 1 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
CI4-BZ #77 
CI4-BZ #81 
CI4-BZ # 105 
C14-8 Z # 107/#123 
CI4-BZ # 114 
CI4-BZ # 11 8 
CI4-BZ # 126 
CI4-BZ # 156 
CI4-BZ # 157 
CI4-BZ # 167 
CI4-HZ # 169 
CI4-BZ # 170 
CI4-BZ # 180 
CI4-BZ # 189 
Total l>C B 60 676 

55-09-0012 55-10-0001 55 ­ 10-00 12 S5-11-0003 55 ­ 11-0012 55-12-0012 5S-12-1224 55-1 2- 1224 
0 - 12 0 - 1 0- 12 0 - 3 0- 12 

6/13/2007 6/ 1412007 6/1412007 6/1412007 611412007 

II U 8.3U 8.4U 7.9U 
II U 8.3U 8.4U 7.9U 
II U 8.3U 8.4U 7.9U 
II U 8.3U 8.4U 7.9U 
430 8.3U 8.4U 7.9U 
II U 8.3U 8.4U 7.9U 
IlU 8.3U 8.4U 7.9U 
14 0.21U 0.21U 0.37 

0.27U 0.2 1U 0.21U 0.20 
1. 5 0.21U 0.21U 0.42 

0 5lU 0.41U 0.42U 0.39U 
0.27U 0.2 1U 0.2 1U 0.2U 

31 0.28 0.2 1U 0.83 
0.27U 0.21V 0.21U 0.20 
0.27U 0.21V 0.21V 0.20 
0.27U 0.21U 0.21U 0.2U 
0.27U 0.21U 0.21U 0.20 
0.27U 0.21V 0.21U 0.2U 
0.27 0.2 1U 0.2 1U 0.2U 
0.42 0.2 1U 0.21U 0.2U 

0.27U 0.21V 0.2 1V 0.2U 
300 3.9 0.21U 12 

7.8U 
7.8U 
7.8U 
7.8U 
7. 8U 
7.8U 
7.8U 
0 .22 

0.19U 
0 .25 

0.39U 
0. 19U 

04 
0 .19U 
0 .19V 
0 .19U 
0.19U 
0 .19U 
0. 19U 
0.19U 
0. 19U 

5 

0- 12 12 - 24 12 - 24 
611 312007 6/ 13/2007 6/ 1312007 

7.9U 8.9U 8.9U 
7.9U 8.9U 8.9U 
7.9U 8.9U 8.9U 
7.9U 8.9U 8.9U 
7.9U 89U 8.9U 
7.9U 8.9U 8.9U 
7.9U 8.9U 8.9U 
0.20 0.220 725 
0.2U 0.220 75S 
0.20 0.220 555 
O.4U 0.45U 76S 
0.2U 0.22U 64S 
0.20 0.220 70S 
0.20 0.220 655 
0.2U 0.220 7 IS 
0.2U 0.22U 7 IS 
0.2U 0.22U 775 
0.2U 0.220 865 
0.2U 0.22U 765 
0.2U 0.22U 63S 
0.20 0.220 845 
0.25 0.220 390 

55­ 12-1224 55-13-0012 55-1 3-001 2-0UP 55-1 3-1224 
12 - 24 0-1 2 0- 12 12 - 24 

6/ 1312007 6/1312007 611312007 6/1312007 

8.8U 7.9U 8U 8.2U 
8.8U 7.9U 8U 8.2U 
8.8U 7.9U 8U 8.2U 
8.8U 7.9U 8U 8.2U 

88U 7.9U 8U 8 2U 
8.8U 7.9U 8U 8.2U 
8.8U 7.9U 8U 8.2U 
70S 0.20 0.20 0.2U 
73S 0.2U 0.2U 0.2U 
525 0.20 0.20 0.2U 
74S 0.39U O.4U 0.41 U 
62S 0.2U 0.2U 0.2U 
685 0.2U 0.2U 0.29 
645 0.20 0.20 0.2V 
70S 0.20 0.20 0.2V 
685 0.2U 0.2U 0.2U 
745 0.2U 0.2U 0.2U 

825 0.2U 0.2U 0.2V 
735 0.2U 0.2U 0.2U 
60S 0.2U 0.2U 0.2U 
815 0.2U 0.2U 0.2V 
370 1.3 2 0.52 

55 ­ 14-0003 
0 - 3 

6114/2007 

I2U 
I2U 
I2U 
I2U 

230 
I2U 
I2U 
21 

0.3U 
2.6 

059U 
0.3U 
4.8 

O.3U 
O.3U 
0.3U 
0.3U 

O.3U 
0.88 
0.62 
O.3U 
190 

55-14-00 10 
0 - 10 

6/14/2007 

I4U 
I4U 
I4U 
I4U 

380 
I4U 
I4U 
5 

04 
5.8 
1.4 

0.54 
12 

0.360 
0.6 1 

0.36U 
0.360 
0.36U 
0.73 
0.97 

0.36U 
3BO 

NOK""S: 


Results in parts per billion (~glkg) 


V- indicates constituents are non detected 
5ee Figure 5-5 for 2007 Sediment and Soil Sampling Locations 
TEC= Threshold Effects Concentra tioll 
PEC= Probable Effects Concentration 
TECIPEC values from MacDonald et aI. , 2000. 
Boltl Values represent TEC exceedellces 
110M alld U"derlilled values represent PEC exceedences 

05401-06 finAl R=>etIialln\"C$1iga1i<)n Rcpon .sq,.crnba 2011 
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APPENDIX A 
Site Visit Photographic Log - April 2010 

Final Remedial Investigation Report 

Operable Unit 2, Fletcher's Paint Work and Storage Facility 


Milford, New Hampshire 


XM MW-11 KW01 & KW02 KEYES OW2& OW2P 
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XM MVlI-nO MW­ 3 MW-18 
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Fletcher's 
Paint Facility 

MW06A,B,C 



APPENDIX A 

Site Visit Photographic Log - April 2010 


Final Remedial Investigation Report 

Operable Unit 2, Fletcher 's Paint Work and Storage Facility 


Milford, New Hampshire 


Photograph 1: Aerial photograph of Keyes Field between Elm $1. and the Souhcgan 
River In Mil ford , NH (Google Earth image from July 5, 2009). 

Photograph 2: View of (he well house containing the former munic ipal supply well 
(KEYES). Located in the northeast portion of the site between the Souhcgan River and 
the tennis courts. 



APPENDIX A 

Site Visit Photographic Log - April 2010 


Final Remedial Investigation Report 

Operable Unit 2, Fletcher 's Paint Work and Storage Facility 


Milford, New Hampshire 


Photograph 3: View of the tennis courts in the eastern porlion of the site looking toward 
the southeast from the fonner municipal well house. The Arcadis site trailer is just 
beyond the second set of tenni s courts and Monitoring Well MW05A is located in the 
northeastern comer of the fenced-in trailer area. 

Photograph 4: View of the pool house in the northwestern portion of the site looking 
toward the northwest from baseball field next to the skateboard area. 



APPENDIX A 

Site Visit Photographic Log - April 2010 


Fina l Remedial Investigation Report 

Operable Unit 2, Fletcher 's Paint Wo rk and Storage Facility 


Milford, New Hampshire 


Phot ograph 5: View of the location of the fonner Fletcher 's Paint faci li ty along Elm St. 
on the hi ll above (he site. View looking toward the southwest from the cemetery toward 
the Mobil gas station and snack shop. The Xtra Mart gas stalion is approximately 1,400 
fect furiher down Elm St. to the right. 

Photograph 6: View looking west from the cemetery across Ihe site of the former 
Fletcher' s Paint faci lity toward the intersection of Elm St. and the dri veway into the 
Keyes Field park. 



APPENDIX A 

Site Visit Photographic Log - April 2010 


Final Remedial Investigation Report 

Operable Unit 2, Fletcher 's Paint Work and Storage Facility 


Milford, New Hampshire 


Photograph 7: View south from the cemetery across the location of the fa nner 
Fletcher' s Pain! faci li ty and Elm St. at the Lake Sunapee Bank (the location offarmer 
Gulf gas station) on the hill above the site. 

Photograph 8: View looking west at the former drum storage area on Mi ll 5t. a couple 
of blocks south of Elm St. along the railroad track. 



APPENDIX A 

Site Visit Photographic Log - April 2010 


Final Remedial Investigation Report 

Operable Unit 2, Fletcher 's Paint Work and Storage Facility 


Milford, New Hampshire 


Photograph 9: Monitoring Well OW3 on the northeastern side of tile foot bridge over 
the Souhcgan River (Note hole in the weI ] cap). 

Photograph 10: Monitoring Well MW06 A, Band C cluster on the north eastern side 
oflhe foot bridge over the Souhcgan River in the area behind (he Boys and Girls Club. 



APPENDIX A 

Site Visit Photographic Log - April 2010 


Final Remedial Investigation Report 

Operable Unit 2, Fletcher 's Paint Wo rk and Storage Facility 


Milford, New Hampshire 


Photograph 11 : View looking toward the southeast at Moniloring Wells KWOl and KW02 
in the playground area of the park . 

Photograph 12: Moniloring Well KW02 now fi lled fu ll of sloncs and debris. 



APPENDIX A 

Site Visit Photographic Log - April 2010 


Final Remedial Investigation Report 

Operable Unit 2, Fletcher 's Paint Work and Storage Facility 


Milford, New Hampshire 


Photograph 13: Monitoring Well OW2 and piezometer OW2P located between the 
tenni s courts. 

Photograph 14: Monitoring We ll KW03 located in (he southwestern pa rlion of the 
site bel1ind the softball field . 



APPENDIX A 

Site Visit Photographic Log - April 2010 


Fina l Remedial Investigation Report 

Operable Unit 2, Fletcher 's Paint Work and Storage Facility 


Milford, New Hampshire 


Photograph 15: Monitoring Well XM MW-1 3 (an Xlra Mart well) across the fence in the 
yard south of lhe baseball field . 

Photograph 16; Moni toring Well XM MW-il (an Xlra Mart well) ncar the western 
boundary of lhe site in the grassy area beside Ihe softball field. 



APPENDIX A 

Site Visit Photographic Log - April 2010 


Fina l Remedial Investigation Report 

Operable Unit 2, Fletcher 's Paint Wo rk and Storage Facility 


Milford, New Hampshire 


Phot ograph 17: View to the south across the softball fi eld toward the hillside 
leading up (0 Elm St. Photograph taken at XM MW-i l toward area where the Xtra 
Mart monitoring wel ls XM MW- \ 0 and XM MW- 13 and KW03 arc located. 

Photograph 18: View to the west from the cemetery across (he Souhcgan River toward 
the site below. The baseball field is secn in the background, whi le MW 18 (OU-I) is 
along the dri veway into the park on the left side of the photograph. 



APPENDIX B 


Data Sets Used for the Human Health Risk Assessment 


• Table B-1 On-Site Groundwater Data Set 


• Table B-2 Up-Gradient Groundwater Data Set 
• Table 8-3 Background Groundwater Data Set 

Data References: 

Arcadis/GE,2010. Draft \Vater Monitoring Report - January 2010. Fletcher's Paint Works 
and Storage Facility Superfund Site, Operable Unit I. April. 

eEA, 2009. Remedial Action Periodic Status Report. Milford Xtramart Site, NHDES Site No. 
199404027, CEA Project Number 5743-05. June. 

EPA,2007. Laboratory Reports for Fletcher' s Paint, Milford, New Hampshire. USEPA, Office 
of Environmental Measurement and Education, North Chelmsford, MA, Project Numbers 
07040037 and 07040039. April. 

EPA,2009. Laboratory Reports for Fletcher's Paint, Milford, New Hampshire. USEPA, Office 
of Environmental Measurement and Education, North Chelmsford, MA, Project Number 
0910040. November and December. 

EPA,2009. Electronic Data for Fletcher's Paint, Milford, New Hampshire. Project Number 
09100040. 
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"inal R~ml'di a lln " e'tigut ion Report 

Operable Unit 2, Flctch r'. Paint W""k and Storage h cility 


Mi lrord. Ne"' lIampshire 


:'> Ionitorin g W~II MW_2:'1 11 MW_2:'111 ,\I W_2:'1 11 ,\I W_2 ~1I ,\I W_2:'1 B ,\IW_2:'1 11 ,\I W_2 ~1I 

Il~ t . 711712007 10/ 1112007 11 10/20011 4/4/20011 711712008 10/111 2008 10/ 1212(109 

Unit . " giL Q uglL Q " gIL < "gIL Q uglL Q " gIL Q "gIL < 
ANA LVn :NA,\IE CAS 

Vo latile Ol~anics 

1.1. 1-Trichloroethanc 
1.1.2.2·T ctruchloroethanc 
1.1.2·Trichloro--l.2.2 -trifluoroelhanc 

NA 
NA 
NA 
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NA 
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NA 

NA 
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NA 

NA 
NA 
NA 

NA 
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NA 
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U)·Trichloroethanc 
I > l-Dichlorocthanc 
I. I-Dichlorocthcnc 
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NA 
NA 
NA 

NA 
NA 
NA 

NA 
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NA 
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NA 
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U 
1,2 Dichloroethane 
1.2.4 Trichlorobcnzenc 
1.2·Dibromo·3·chlor , anc 
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NA 
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NA 
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1.2·Dichloroethcllc (total) 
1,2·Dichloro ro ane 

NA 
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NA 
I U 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

2 
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U 

1.3·DidlluJUUcILll'IIl' 
1.4+Dichlorobt-nzene 
2·BUlanonc 

NA 
NA 
NA 

I 
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NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
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NA 

I 
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2·Hcxanone 
4-Mcthyl+2-pcntanone 
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NA 
NA 
NA 
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NA 
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NA 
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NA 
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Bromomethanc 
Carbon Disul fidc 

NA 
NA 
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I 
I U 

Carbon Tetrachloride NA I U NA NA NA NA I 
Chlorobcnzt"Tlc 
Chloroethane 

NA 
NA 

I 
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U 
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NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

I 
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U 
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Chlorofonn 
Chloromethane 

NA 
NA 

I 
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U 
U 

NA 
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NA 
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I 
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U 
U 

cis-I.2·Dichloroethenc 
cis- 1J·Dichloro )T2PCne 

NA 
NA 

I 
I 

U 
U 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

I 
I 

U 
U 

C clohcxane 
Dibrolllochioromcthanc 

NA 
NA 

I 
I 

U 
U 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

I 
I 

U 
U 

DichlorodifluorOlllethane NA I U NA NA NA NA I U 

O.l4Ot -06 Final ilrn><diat Im'Utigoliod Rq>CM1 S<pIcwbcr20tl 
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APPE~lHXB 


T~h l ~ 11_3 Il8ckground Ground ... ~tH n uta Set 

"inal R~ml'di a lln"e'tigut ion Report 


Operable Unit 2, Flctchr'. Paint W""k and Storage hcility 

Mi lrord. Ne"' lIampshire 


, ,W." 
Dm 

ivn:NMOE CAS 

M"h " """" 
M"h " "rt ' m,y' "hcr 

"Y"'" 

~ , , , 
, , 
, 
, 
, 

" ,.Tolal 

,2'.O,yb;,( ' · ' , 
, 

, 
" 

, 
" I 

" , I; , , 
I 

h 

$;;; I 
" 

, ' ; 
" 

" I I 
, I , 

, , , , 
711712007 10/ 1112007 11 10/20011 4/4/20011 

" giL , uglL Q " gIL < "gIL 

NA NA NA 

" " NA 

NA 
NA 

" " NA 

" " NA 

NA 
NA 

NA 3 NA NA 

NA 9 NA NA 

NA NA NA 

NA NA NA 
<A <A N~ 

NA 
NA 

24 NA 
24 NA 

~~,W."" 
711712008 10/812008 

< uglL Q " gIL 

~ NA 

" 

" " 

~ 
NA NA 

NA NA 

NA NA 

NA NA 

-"" 

" " 

~ 
<A 

< 

, 
10112120(19 

"gIL 

9.4 

1.4 

1.4 

24 
24 

< 
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APPE~lHXB 
T~h l ~ 11_3 Il8ckground Ground ... ~tH Il uta Set 


"inal R~ml'di a lln " e'tigut ion Report 

Operable Unit 2, Flctch r'. Paint W""k aod Storage h cility 


Mi lrord . Ne"' lIampshire 


:'> Ionitorin g W~II 

Il~ t . 

Unit. 
ANA LVn :NA,\IE CAS 

4-Chloro-3-mcth I )hcnol 
4-Chloroanilinc 
4-Chlorophcn 'lphcnyl cthcr 
4-McthylJ henol 
4-Nitroanilinc 
4-Nitropht-nol 
Acena )hthcne 
Act-nu hth It-nc 
Aceto )henone 
A1l1hmcCllC 
Atrazinc 
i3cnzaldchydc 
Benzo(a),"lIltlu-aCcllc 
i3cnzo(a renc 
lk'llU(b)Ouurmllhcll~ 

Benro(g.h,i )pcry\cne 
i3cnzo(k)Ouorllnthcnc 
Bi hcn I 
Bis(2-chloroelhoxy) methane 
13is(2-chloroclh I) ether 
bis(2-Eth Ihex I hthalale 
BUI I benzyl )hthalalC 
Ca rolactu1l1 
Carbazolc 
Chrysene 
Dibcnz( a,h)anthraccnc 
Dibcnzofuran 
Dielh I )hthalate 
Dimcthyl phthalatc 
Di n-But I hthalatc 
Di n-Oct I hthalalc 
FluOfanlht-nc 
Fluorenc 
I-Icxachlorobenzene 
I-Icxachlorobutadicnc 

MW_2:'1 11 MW_2:'111 ,\I W_2:'1 11 ,\I W_2 ~1I 

711712007 10/ 1112007 11 10/20011 4/4/20011 

" giL Q uglL Q " gIL < "gIL 

NA 9 U NA NA 
NA 9 NA NA 
NA 9 NA NA 
NA 9 NA NA 
NA 24 U NA NA 
NA 24 U NA NA 
NA 9 U NA NA 
NA 9 U NA NA 
NA 9 NA NA 
NA 9 NA NA 
NA 9 U NA NA 
NA 9 U NA NA 
NA 9 U NA NA 
NA 9 U NA NA 
NA 9 NA NA 
NA 9 NA NA 
NA 9 U NA NA 
NA 9 U NA NA 
NA 9 NA NA 
NA 9 NA NA 
NA 9 NA NA 
NA 9 NA NA 
NA 9 U NA NA 
NA 9 U NA NA 
NA 9 NA NA 
NA 9 NA NA 
NA 9 U NA NA 
NA 9 NA NA 
NA 9 NA NA 
NA 9 U NA NA 
NA 9 U NA NA 
NA 9 NA NA 
NA 9 U NA NA 
NA 9 NA NA 
NA 9 NA NA 

,\I W_2:'1 B ,\IW_2:'1 11 
711712008 10/111 2008 

Q uglL Q " gIL Q 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

,\I W_2 ~1I 

10/ 1212(109 

"gIL 

9.4 
9.4 
9.4 

24 
24 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 

9.4 
9.4 
4.7 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 

< 

U 

J 

U 
U 

U 

U 
U 

U 
U 

U 
U 

U 

U 
U 

U 
U 

U 
U 
U 
U 
U 

U 
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10/812008 

APPE~lHXB 


T~h l ~ 11_3 Il8ckground Ground ... ~tH n uta Set 

"inal R~ml'di a lln "e'tigut ion Report 


Operable Unit 2, Flctchr'. Paint W""k and Storage hcility 

Mi lrord. Ne"' lIampshire 


, , ,, ,. ,W." ~~.W."" 
Dm 711712007 10/ 1112007 1110/20011 4/4/20011 711712008 10112120(19, uglL Q " gIL < "gIL < uglL Q" giL " gIL < "gIL < 

CAS~ ;NAME
I I '" I 

I 
 I 

~, , 

')ore"' 

ffi 
124 

A~,J~ 0100·"·' 

~ 


NA 

" 


" 
" 

" 


NA 

" 


" 
" 

" 


NA 

NA 


NA 

NA 


NA 

NA 


NA 


:il= 
NA NA NA:il= 

NA 

~ 

" 


" 
" 

" 


I 
NA NA NA1221 ~,"," NA 

NA 

<A 

0.47 

1.47=*
NA 

:w; 


NA 9.4 

1.4 

,4 

1.4 

I , 
, 

~'YlIi"m , 
I, 

, 
I 

C"mid, 

NA NA NA 

NA $ NA NA 

~ NA 

=* NA 

~ 

I 
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APPE~lHXB 


T~h l ~ 11_3 Il8ckground Ground ... ~tH n uta Set 

"inal R~ml'di a lln "e'tigut ion Report 


Operable Unit 2, Flctchr'. Paint W""k and Storage hcility 

Mi lrord. Ne"' lIampshire 


Dm ,W." 

U"'" ;NAME CAS , , 
, 

JI,'d , 

~ 
"""m 

II 

",,".m
I,,, 

1 

1 , 
, 

U,".m 

~" , 
~, 

I 

:"1'1"" , 
, 

L"d , 

N1,'d 
1 , 

~ , 

, , , , 
711712007 10/ 1112007 11 10/20011 4/4/20011 

. glL , uglL Q . gIL < . gIL 

Jf 
NA NA NA 
JA 1 = -"'-" 

<A NA 
<A NA 

<A <A NA 
<A 12§1J2 <A NA 

5 NA 
10 NA 

NA 2" NA NA 

NA NA NA 

NA NA NA 

NA NA NA 
<A 10 <A N~ 

5 NA 

1'.5.. NA 
1 

I~ 

NA 
NA 

~ 

~~.W."" 
711712008 10/812008 

< uglL Q . gIL < 

~ NA 

~ 
~ .2".[ 

<A 
<A 

<A 
<A 

<A 

i 
NA 

NA NA 

-* 
i 

NA 

NA NA 

~ 
<A 

, 
10112120(19 

. gIL 

0460 

~ 
3 ,= 
5 

10.: 

200 

57.6 

"" 
1 

iO 

15 

~ 

< 
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APPE~lHXB 


T~h l ~ 11_3 Il8ckground Ground ... ~tH Il uta Set 


"inal R~ml'di a lln ,-e'tigut ion Report 

Operable Unit 2, Fletchr'. Pain t W""k aod Storage hcility 


Mi lrord . Ne" ' lI a mpshire 


:'> Ion itoring W~II MW_2:'1 11 MW_2:'111 ,\IW_2:'111 ,\I W_2~1I ,\IW_2:'1B ,\IW_2:'1 11 ,\I W_2~ 1I 

Il~ t . 711712007 10/ 1112007 1110/20011 4/4/20011 711712008 10/1112008 10/1212(109 
Unit . " giL Q uglL Q " gIL < "gIL Q uglL Q " gIL Q "gIL < 
ANALVn :NA,\IE CAS 

Thallium 

Vanadium 

Zinc 

NA 
NA 
NA 

2. 
5I. 

U NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

2. 
2 

11.4 

U 

NOTES 
NA Sample analysis at thi s location did not include this analytc. 

J. IN lne analyte was tentatively identified: estimated eonoentration 
Q Data , -alidation qualifier 
U The analytc was not detected 

(I) Manganese was not detected, but the detecti'm limit was not known for these samples_ The detection limit for manganese 
was extrapolated ffQtt1.I)Ls ffQtt1. <:lther samples collected in thi s ... elL 
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APPENIHX C 

OuCpu t o f th. USEP,\ rroUCL Soft, ..... for Cbe O n _Sit e Groundwa ter DaCa s<-C 


~l na] Hemedial 100·« ti8" tioo Report 


O]><"rabl~ Unit 2, ~leC<ber '. r aiot Work and Storage .-adlity 

~liIfonl, ",ew lIampsbir~ 


Gt nerMI UCl St. t istics for Data Sets with "'on_Det...,ts 

U •• r S.I...,I.... OpCillns 

From File Sheetl.w.t 

Fun Proxisi"" 

Confidence Coefficienl 

N"mber of Booo<t....p Opo:ration. 

M.thyl. t_Hut)"] ~: th.r 

G<-nual St. Cistics 

Number ofV"lid I}"la " Numberof\)clC"Cted D",,, 
Nwnber of Distinct Detected Data Number of Non· Detect Data , 

Percent Non·Detects 9O.00"~ 

Warnins: Only one distinct dala ,."1",, ".as detected! ProUCL (0.- "ny "'he.- soft".a",) should not be: used <m such" daL~ sct! 


II is sugg<1ted to uSC alle""'ti\"" sile specifie \".lu<1 detC11TIined by th" Project Team to<11i""'te ""viroruncnt,,1 par.unclorS (e.g.. E:I'C. !lTV). 


The dlla sct for ,·~ri"blc Methyl-r-Hulyl Echor was not processed! 

Aluminum 

("~o.nl Stati, t ics 

Nwnbe:r of Valid nata NumberofDetected Data 

Number oflJistincl Oetecled 1).lta 2 " NumberofNon·l}ctect [)ala 

l'<:rttnt N",,·I}clC"CtS 80.00% 

Row Statisti« Log_tnn, fo rmed S ta listics 

Minimum Detected Minimum Detecle<! 1m'"'' 
M..~imum DelC"Ctcd 12$0(1 Maximum Delecled 9.433 

MClin or Dctecle<! Mean ofDetected 8 .262 "SO 
SD nf Dececte<I 7990 SD of DelecCed 1.657 

Minimum Non·Detect Minimwn Non· Detect ' .1 
M..~;mum Non.DettCI '" Maximum Non-I}ctoxt .,'" 
Wamins: DOl" SCI has only 2 Dilli""l l}ctC<:led V.lues 


This may not be: adc<ju.~'c ~gh '0 <:omputc meaningful ""d rcl~,blc tcst $~~ti"ic< and cstim.""". 


The Projecl Team may decide to use ahemati,·e sile specifoc values toeMirnate en\,;rorunental parameters (c.g.. EPC. DTV). 


Unless Data Quality Objecli,.es (DQOs) hase been met. it i, ,uggeste<!10 collect additional OOsen'lllions 


Th. numb<:r ordetected da'a may not be: .<kq",", enough to p<:rfonn GOF '<11S. boolS'rnp. and ROS methods 


Those melhods witt return. 'NIA' ""I"" on your OUtpu, displ.y! 


It is ne<:essary 10 h;l\"e "' or more Dislinet Values for bootstrap methods. 


Ilowe...... results obtained using", to 9 disci"'l ''lIlue. may no! be reliable. 


I, i, rc<:Ommcndcd 10 ha,". 10 '0 15 or "",rc ol"""...tion, for acCur.!.le and meaningful results and <1tirrm'<:s 


UCL Statist ics 


Nurmal l>iS1rih ul ion T est "ilh n ec..t .... Val u ,"" Onl)' L.ognorm al l>i, t.ibuti on T~t " 'ilh l)et..,.ed " a lu. _. On l)· 


Shapiro Wilk Test Slaustic WA Shapiro Wilk Test Scatislie W A 


5% Shapiro Wilk C ritical Value WA 5% Shapiro Wilk Critieal Value W A 


DaC~ nol Normal al 5% Signilican.... Ltvel Dal a nllt Lognllrmal a C 5% Signilinnct lA"tl 


,\ <suming Norm a l Distribu tion A" uming Lognormal l>istrihution 


DU2 Subs,i,u,ioo Method DU2 Substitution Method 


Mean 141<1 Mean 4.858 

'0 3912 m 1.877 

95". DU2 (t) UCL '''' 95% II·S"" (DU2) OCL 18207 

M..~imum Likelihood ESl i"""c(M I.-E) Method WA LoS ROS Method 

,\Il.E mechod rail e<! 10 conn.-gt p .... I"'.I~, Mean in Log Scale NfA 

SO in Log Scale NfA 

M.an in Orisin:.1 Scak NfA 

SI) in Orisin:.1 Scale N'A 

9S%IUCL N'A 

95% Pe..,.",ile Booostrap UCL W A 

95% DCA Doolstrnp UCL NfA 

OS-lOI-06 Fin.l R<llIcdi.311o\'c>,ip'ioo R<JXI01 
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APPENIH"; C 

ouepu t of the USEP,\ rroUCL Soft, ..... for ebe O n_Sit e Groundwa ter Daea s<-e 


~l nal Remedial 100·« ti8" tioo Report 


O]><"rabl~ Unit 2, ~lee<ber '. r aiot Work and Storage .-adlity 
~liIronl, ",ew lI11mpsbir~ 

Gan.n.a Dislribulion Test wit h D<-tected Val ues Only 

k star (bias =100) 

Theta Star 

no SClr 

A-D T<:s' St.tistic 

SOY. A_!) Critical Vol"" 

K_S Test Statislic 

5% K_S Crilical Value 

Da la not Gamma Distributed a l S% Sign ificance Lewl 

A" uming Gamn," Ili<trib utio n 

Gamma ROS Stat istics using ExuapolatOO Data 

Minimum 

M..~imum 

MelUl 

Median 

'D 
k star 

Theta scar 

Nu sla, 

AppChi2 

95% Gamma Approximate VCL 

95% Adjusted Gamma VCl 

Nme: 1JI.n is nO' • r«(lmJnendcd method. 

Data DiSlribulion T est "it b IkltttN V.lues Onl)" 

NIA llala d" nBl r"l1" .... lli~.rnabl . lli!lribulion (O.OS) 

NIA 

NIA 

NIA Nonpanonwlric Statistics 

NIA Kaplan.Mm (KM) Method 

NIA Mean 

NIA 

SEofMean 

95% KM (t) UCl 

95% KM (z) VCL 

95% KM (jaddrnife) VCl 

NIA 95% KM (bool""'p I) VCL 

NIA 95% KM (DCA) VCl 

NIA 95% KM (Pcrttnlil< Boolst"'p) VCl 

NIA 95% )(/1."\ (Chebyshe,·) VCl 

NIA 97.5% KM (Chebyl;hev) VCL 

NIA 99% )(/1."\ (Chebyshev) VCl 

NIA 

NIA Potential UCLs 10 Us. 

NIA 97.5% KM (Chebyshev) VCl 

NIA 

NIA 

NOte: Sugg<:s.ions regarding the sdeclion of. 95% VCl arc provide<! to help"'" uSC\" to select Ibe most apprOpri.te 95% VCL. 

These recommendations are klsed upon lhe resules ofehe simulalion studies summarized in Singh. ~{ajchle. and Lee (2006) 

For additional ittSight. the user may wam to consult a statislician 

Geocnol S •• tisoiu 

Nwnber of Valid Data " NumberofDeteeted Dala 

Number ofNon·Deteet Data 

l'rn:cnt Non·DcI""'" 

Warning: Only one dis.incl data ,.alue Was dctecle<!! ProUCL ( .... any "'heT sollware) shou ld not he ose<! on such. do,1a set! 

2330 

"'" 
1516 

,<0, 

"" 
NIA 

NIA 

NIA 

NIA 

8938 

11798 

17415 

!l798 

, 

9Q.OO% 

It is suggested to use alternative .ite specific values delermined by Ihe Projecl Team toestimale envirorunenlal parameters (e.g. EPC. (lTV). 

The dala sel for ,·;uiahle Arsenic was DOl proeessed! 

Iro n 

G<-nenol SloliSlics 

Nwnber of Valid Data 

Nwnber of Distincl Detected Dala 

Ro". SIal i"i« 

Minimum l)et""led 

M..~imum DcI""led 

MelUl of DC!Ccle<! 

SD ofDelected 

Minimum Non·Detect 

Warning: Th=.re only 7 [xtecled Valu<$ in Ibis data 

<0 

" 
99SO 
2874 

3956 

" 

" 


NumberofDelecced Dala 

Number of Non . Detect Data 

Percenl Non·DeI<1:1S 

L.og_l.a nd ucmed S la li. lics 

Minimum I)et""ted 

Maximom !)etecled 

M.an ofDac.:le<! 

SD of Deteeled 

Minimum Non·Delect 

Maximum Non-!)c.",,1 

NOle: It should be noted Ihale"..,n lOOugh booIstrap may be ""rfanned on thi. data set 

the resulting calculations may 1101 he reliable enough 10 draw conclusion, 

It is Jtt<>mmcnded 10 ho,·.. 10-15 0' mQn; d isti""l obsc,.,,·ocions for aCC ""'le and me:mingful results. 
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30.00"~ 

3.71 4 

9.205 

6.472 

2.238 

3.689 

3.689 

http:apprOpri.te


APPENIHX C 

Outpu t of th. USEP,\ rroUCL Soft, ..... for tbe O n_Sit e Groundwll ter Dat. S<-t 


~l nlll Remedial 100·« ti8" tioo Report 

O]><"r.bl~ Unit 2, ~letcber '. r .iot Work and Storage .-ad]ity 


~liIronl, ",ew lI11mpsbi,~ 


ueL St.tistic. 


Norm a]Ili!lrihulion Tf<1 with n .t""tPd V. luf< Only L.ogno rm.I I)j~lribuli on l"f<1"jlh Ilol..,IPd ". IUl~ Onl)· 


Shapiro Wiik Test Statistic 0.771 Shapiro Wilk Test Statistic 0.898 


5% Shapiro Wilk eritkal Value 0.803 5% Shapiro Wilk Critical Valu~ 0.803 


D. ta not Norn.a] al 5% SigniftruC"<" u vel Data a pp<"ar Logn .. , ma] al 5% Significanc' u,...1 

,\ « uming N .. ,mlll l)i"ribu.ion ,\ ..uming t .ognorm,,1 m<t.ibuti.. o 

DU2 Substitution Method DU2 Substitution Method 

Mean 2018 Mean 5.429 

SO 3512 SO 2.482 

95'Y. OU2 (t) VeL 4054 95% II·S"'t (PU2) UCL 1140218 

Maximwn Likelihood Estima.e(MLE) Method log ROS Method 

Mean 1104 Mean in log Scale 4.757 

SO 4293 SD in 1..08 Scale 3.367 

95'Y. MLE (t) VeL 3593 Mean in 0rig.i",,1 Sc"k 2013 

95'Y. MLE (Tiku) VCL 3703 SD in Original Scale 3515 

95%tVCL .,,' 
95% Pe",emi le BoolStrap UCL "" 95% DCA Oootstrap VCL ",.. 

Gamma Distributioo T~st wilh 1><"1""led Va luf:< Only Dala Di strihution T t!il "it b Det""led V_lues Onl) 

k . tAr (bi., con=Ied) 0.344 Data app<"ar Gamma Distrib uTed at S% Significance u,·el 

ThetA Star 8358 

nu star 4.815 

A·D Test Statisti<: 0.386 i"ionp.nom~tric StatistiC$ 

5'Y. A-I) Critical Vall>< 0.762 Kaplm·Mei", (KM) Method 

K·S T~ S"'ti••ic 0.762 Mean 2024 

5% K_S Critical Value 0.33 SD 3328 

n ata appea , Ga mm a I)jstdbuted a t S% Significance L",·e] SEofMean 1137 

95% KM (t) VCL 4108 ,.,..,\ <suming Gan.n,a Distribution 95% KM (z) VCL 

Gamm., ROS Stat i;tic. u<ing £Xtr.\pol"cd 03", 95% KM (jackknife) VCL ~05] 

Minimwn IE-12 95% KM (bootstrap t) VCL 9875 

Maximum 9950 95% KM (DCA) VCL "" Mean 2012 95% KM (PcrttnTi!c BOOI$T... p) UCL 3910 

Median 90 95% KM (Chebyshev) VCL "''' 

,."
SD 3516 97.5% KM (Cheby>:hev) VCL 9123 

0.118 99'% ](/I."! (Chebyshe,·) VCL 13335 

ThetA .W 16981 

Nu."" 2.37 I'ot~o tial UCLs 10 u •• 
AppChi2 0.213 95% KM (DCA) VCL 

95% Gamma Appro~imate VCL 22310 "" 
95% Adj usted Gamma VCL 31881 

Note: DU2 i. not a re<:<>Tntnende<i method. 

Note: SuggesTions regarding the selecTion of. 95'Y. VCL are pro,·idNlIO help the use-r TO select !he IIIO<t appropriate 95% VCL. 

The$(: Te<:<>Tntnen<:btiQJl$ ',e basc<l upon the result$ o(The ,imulOlion $rudies $ummari>.cJ in Singh . Maichl e, And Lee (200t5). 

For addilion.,1 insight Ihe USCr may WMIIO COIlsult a slalistician 
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APPENIHX C 

ouepu t of the USEP,\ rroUCL Soft, ..... for ebe O n_Sit e Groundwa ter Daea s<-e 


~l nal Remedial 100·« ti8" tioo Report 


O]><"robl~ Unit 2, ~lee<ber '. r oiot Work and Storage .-adlity 

~liIronl, i"iew lI11mpsbir~ 


Mlnganest 

G~n•.,.1 SI . li~lin 

Nwnber of Valid Data NumberofDetecll.'d Data " Number of Di,tir>et Dete<:ted ))au NumberofNon·Dete<:t Data 20 

l'rn:cnl Non·Det"" .. 58.82% 

R...·St~'i. tic< L.og_' ....ndormnl Slati.. i... 

Minimum Delecled Minimwn Detected _0,105" Maximum Dete<:led M..~irnum Detected 6.131 

Mean Ofl)clccted .."" .. Mean ofDetected 2.853 

S]) ofl)ctc<ted SD of Oelccted 1.842'" Minimum Non_Detecl Minimwn Non· Detect ' '''" Maximwn Non·lklect Maximum Non_Detect ' '''" liCL Slllislie. 

NormQI Di ,ltibut ion T rsl "ith D. t .... lnI "alurs Only Lognorm al Di' tribulion T csI ..·ilb Det .... ttd Va lues On ll· 

Shapiro wilk Tcst Statistic 0.588 Shapiro Wilk Tesl Stalistic 0.976 

5% Shapiro wilk Crilical Value 0.874 5% Shapiro Wilk Critical Value 0.874 

I)ata nol i"iormal al 5% Signiroca ncc Uvel llala a ppear I..ognurmal al 5% Significanc" ....,...1 

,\ " uming No rm a l l)i, ltibulion " "'uming I..ognor ma l Oh lribuliuo 

OU2 Substitution Method Din Substitution Method 

Mean 34.31 Mean 2,529 

SO 84.98 SD LlS9 

95% DU2 (I) VeL 58.97 95% II·Slat (DU2) UCL 44.32 

Ma.~imum Likelihood Estirnale(MLE) Method N<A log ROS Method 

~ ILE yield. a nogall ... mun Mean in log Scale 1.94 

SD in Log Scale 1.694 

Mean in Original Scale 32.41 

SD in Original Scale 85.71 

95% tUCL 57.28 

95% Pertcntik Ik>o<st"'p UCI.. 58.21 

95% RCA Boo«I"'p UCl 71.91 

C a mma m . lribution Te.1 wil b I"'teeled Va lu ... Only llala l>i<1ribu1ion ......1 "ilb n .,lkled "alu.,s Onl)' 

k star (bia. COI"Tecled) 0.413 llala a ppear Gamma Ili<lribuled al 5% Signilicance U,·.,I 

TbetA Star 167.2 

nu . tar 11.S6 

A·D TeS! StaliS!ic ,S i"ionpanm"lric S tali. lic< 

5% A_D Critical Value ,.. Kaplan.M.,; .... (KM) Method 

K·S Trsl Statistic '.8 Mean 31.9 

5% K-S Crilical Value 0.243 SD 84,55 

1)1'. llppur C l mm l 1>i<tribull.'d a' 5% Signifiu n • ., I~,·., I SEofMeaJI 15.12 

95% KM (t) UCL 57.49 

A" uming Ga mn," Ili<lrib ution 95% KM (z) UCL 56.77 

Gamma ROS Stal istics u.ing E>r.trapolatl.'d Data 95% KM Uaockknife) UCL 56.97 

Minimum IE-n 95% KM (bool~tmp t) VCL 120.9 

M..~imum 95% KM (DCA) UCl 61.21 

Mean 60.32 95% KM (Pcrttnlile BootsUlIp) UCL 59.39 "" 
Median 46.71 95% )(/1."\ (Chebyshe,·) VCL 97.81 

SO 83.37 97.5% KM (Cheby>:hev) VCL 126.3 

k SIAr 0.277 99"40 KM (Chebyshn') UCL 182,4 

TbetA Star 2<8 

Nu,tar lUI Pot., ntial UU. lo U • ., 

AppCbi2 9.981 95% KM (t) UCL 57.49 

95".Gamm:o App<Oxi rrune VCL 113.7 

95" . AdjuStc<l Gamm:o UCL 1l7.S 

Note: DU2 i, 001 • ....,,,,,,,,,,,odcd me!hod. 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to se lect the most appropriate 95% VCL. 

These recommendation. are based upon the results of the simul ation studies summarized in Singh. Maicble. and Lee (2006). 

For additional insight. the USCr m:oy Want to consult" SlatiSlician 
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APPENDIX 0 

Sample Intake/Exposure and Risk/Hazard Calculations 



APP EN DIX D 


Sample Intake/Exposure and Risk/Hazard Calculations: Equations, Units Checks, and Sample Ca lculations 
for a Carcinogen and Non-Carcinogen for the Q uantitatively Evalua ted Exposure Pathways 

• 	 Exposure Point Concentration Development for Arsenic (Non- Volatile Carc inogen and Carcinogen and 
Non-Carc inogen) 

• 	 Exposure Point Concentration Development for Methyl-I-Butyl Ether (MTBE) (Volatile Non-Carc inogen) 

• 	 Sample Equations and Calculations for Ingestion ofGroundwaler by the Park Worker (for Arsenic as a 
Carc inogen) 


Ingestion Imake and Risk Equations 

Ingestion Intake, Exposure, and Toxicity Parameters 

Ingestion Intake and Risk Equation Units Check 

Ingestion Intake and Risk Calculation 


• 	 Sample Equations and Calculations for Ingestion of Groundwater by the Park Worker (for Arsenic as a Non-
Carcinogen) 


Ingestion Intake and Risk Equations 

Ingestion Intake, Exposure, and Toxicity Parameters 

Ingestion Intake and Risk Equation Units Check 

Ingestion Intake and Risk Calculation 


• Sample Equations and Calculations for Dennal Absorption from Groundwater by the Park Worker (for 
Arsenic as a Carcinogen) 


Dermal Absorption Intake and Risk Equations 

Dermal Absorption Intake , Exposure , and Toxicity Parameters 

Dermal Absorption Intake and Risk Equation Units Check 

Dermal Absorption Intake and Risk Calculation 


• 	 Sample Equations and Calcu lations for Dermal Absorption from Groundwater by the Park Worker (for 
Arsenic as a Non-Carcinogen) 


Dermal Absorption Intake and Risk Equations 

Dermal Absorption Intake, Exposure, and Toxicity Parameters 

Dermal Absorption Intake and Risk Equation Units Check 

Dermal Absorption Intake and Risk Calculation 


• 	 Sample Equations and Calculations for Inhalation ofYolati les from Groundwater by the Adult Resident (for 
MTBE as a Carc inogen) 


Inhalation Exposure and Risk Equations 

Inhalation Exposure and Toxicity Parameters 

Inhalation Exposure and Risk Equation Units Check 

Inhalation Exposure and Risk Calculation 


• 	 Sample Equations and Calculations for Inhalation ofYolati lcs from Groundwater by the Adult Resident (for 
MTBE as a Non-Carc inogen) 


Inhalation Exposure and Risk Equations 

Inhalation Exposure and Toxicity Parameters 

Inhalation Exposure and Risk Equation Units Check 

Inhalation Exposure and Risk Calculation 
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APPENDIX D 

Sample Intake/Exposure and Risk/Hazard Calculations: Eq uations, Units Checks, and Sample Calcu lations 
for a Carcinogen and Non-Carcinogen for the Q uantitatively Eva luated Exposure Pathways 

Exposure Point Concentration Development for A rsenic 
(Non-Volatile Carcinogen and Non-Carcinogen) 

On-Site Groundwater Data for Arsenic 

Arse nic Data 
Concentration 

(ueIL) 

I I 

10 

10 

10 

10 

10 

10 

10 

10 

20 

Qualifier 

U 
U 

U 
U 

U 
U 

U 

U 
U 

ProUCL Monitoring 
Code Well 

I KWO ID 

0 KWOIS 

0 OW2 

0 OW2P 

0 MW-05A 

0 MW-05A D 

0 MW-06A 

0 MW-068 

0 KEYES WELL 

0 KEYES WELL 

Sampling 
Date 

412312007 

412312007 

412512007 

412312007 

412312007 

412312007 

412412007 

412412007 

412512007 

1012912009 

Comment 

Dupl icate had same result 

Dupl icate had same result 

Duplicate had same result 

ProUCL Output 
Arseni c 

General Statistics 

Number of Valid Data 10 Number of Detected Data I 

Number of Distinct Detected Data Number of Non-Delcet Data 9 

Percent Non-Detects 90.00% 

Warning: Only one distinct data val ue was detected! ProUCL (o r any other software) 

should not be used on such a data set! 

It is suggested to use alternative site specific values determined by the Project Team to 

estimate environmental parameters (e.g., EPC, BTY). 


The data set for variable Arsenic was not processed! 


Exposurc Poim Conccntrat ion for Arscnic was sct to thc maxim um dctcctcd conccmration of I I uglL, or 0.01 1 
mg/L. 
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APPENDIX D 

Sample Intake/Exposure and Risk/Hazard Calculations: Eq uations, Units Checks, and Sample Calcu lations 
for a Carcinogen and Non-Carcinogen for the Q uantitatively Eva luated Exposure Pathways 

Exposure Point Concentration Development for Methvl-t-Butvl Ether (MTBE) 
(Volatile Carcinogen and Non-Carci nogen) 

On-Site Groundwater Data for MTBE 

Methyl-t-Butyl 
Ether Data 

Concentration 
(uglL) 

49 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Qualifier 

U 
U 

U 
U 

U 
U 

U 
U 

U 

ProUCL 
Code 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Monitoring 
Well 

KWOID 

KWO IS 

OW2 

OW2P 

MW-05A 

MW-05A D 

MW-06A 

MW-06B 

KEYES WELL 

KEYES WELL 

Sampling 
Date 

4/23/2007 

4/23/2007 

4/25/2007 

4/23/2007 

4/23/2007 

4/23/2007 

4/24/2007 

4/24/2007 

4/2512007 

10/29/2009 

Comment 

Duplicate had 50 ugIL 

Duplicate had same result 

Duplicate had same result 

ProUCL Output 
Methyl-t-Butyl Ether 

General Statistics 

Number of Valid Data 10 Number of Detected Dala 
Number of DisIinet 
Detec ted Data 

Nu mber orNon-Detcct Data 9 

Percent Non-Detects 90.00% 

Warning: Only one distinct data val ue was detected! ProUCL (or any other sofhvare) should 

not be used on such a data set! 

It is suggested to use alternative site specific values determined by the Project Team to 

estimate environmental parameters (e.g., EPC, BTV). 


The data set for variab le Methyl-t-Butyl Ether was not processed! 

Exposure Point Concentration for MTBE was set to the maximum detec ted concentration of 50 ugIL (in the 
duplicalc), or 0.050 mglL. 
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APPENDIX D 


Sample Intake/Exposure and Risk/Hazard Calculations: Equations, Units Checks, and Sample Calculations 
for a Carcinogen and Non-Carcinogen for the Q uantitatively Evalua ted Exposure Pathways 

Sa mple Eguations and Calculations for Ingestion of G roundwater bv the Park Worker 

Ingestion In ta ke and Risk Equations (for Arsenic as a Carcinogen) 

Ingesti on [C] - 1 

CDI = 
CW x /RW x EF x ED 

BW x AT c 

Ingestion lCJ-2 

EL CR = CDI x CSF 0 

Ingestion Inta ke, Exposure, and Toxicity Parameters (for Arsenic as a Carcinogen and the Park Worker Receptor) 

COl Chronic Daily Intake [calculated] (mglkg-day) 

CW Exposure Point Concentration for Arsenic (0.0 II mglL) 

IRW Ingestion Rate ( I L/day) 

EF Exposure Frequency ( 143 days/year) 

ED Exposure Duration (25 years) 

BW Body Weight (70 kg) 

ATe Averaging Time for Carcinogen (25,550 days) 

ELCR Excess Lifetime Cancer Risk for ingestion [calculated] (unillcss) 

CSFo Cancer S lope Factor for Arse nic for ora l intake ( I SE+OO (mglkg-dayr') 


ingestion In take and Risk Equation Units C heck 

Ingestion [C] - I 

mg L day-- x --x x year 
mg L day year 

kg day kg x day 
Ingestion [C1 -2 

] mg [ mg [Vnitless 
= kg day x kg day r 


Ingestion Inta ke and Risk Calculation (for Arsen ic as a Carcinoge n and the Park Worker Receptor) 

__ 0.0 1I x l x I43x25 
Ingestion [C] - I (2.2E_ 05) 

70x 25,550 
Compare to: Table 4-7. 1"Groundwater Ingestion Cancer Risk CalculationS/Arscnie Intake/Exposure" = 2.2E-05 

Ingestion lei -2 (3.3E - 05) = (2.2 E - 05) x (l .5E +00) 

Compare (0 : Table 4-7. 1"Groundwater Ingestion Cancer Risk CalculationS/Arscnie Cancer Risk" = 3.3E-05 

OS401..Q6 Final Remedial Investigation Repon 4 of II September 2011 

OU2. Fletcher 's Paint Works and Storage Facility. Milford. Nil WLlJ0676 




APP EN DIX D 


Sample Intake/Exposure and Risk/Hazard Calculations: Equations, Units Checks, and Sample Calculations 

for a Carcinogen and Non-Carcinogen for the Q uantitatively Evalua ted Exposure Pathways 


Sample Equations and Calcula tions for Ingestion of Groundwater bv the Park Worker 
(for Arsenic as a Non-Carcinogen) 

Ingestion Inta ke and Risk Equations (for A rsenic as a Non-Carcinogen) 

Ingestion [NC] -\ CW x !R W xEF xED
CD! 

BW xATN 

CDI 
Ingestion [NC] -2 HQ = -=-=:-

RiDo 

Ingestion Inta ke, Exposure, and Toxicity Parameters (for Arsenic as a No n-Carcinogen and the Park Worker 
Receptor) 

CD! Chronic Dai ly Intake rcalculatedl (mglkg-day) 

CW Exposure Point Concentration for Arsenic (0.0 II mg/L) 

lRW Ingestion Rare ( I L/day) 

EF Exposure Frequency (143 days/ycar) 

ED Exposure Duration (25 years) 

BW Body Weight (70 kg) 

AT N Averaging Time for Non-Carcinogen (9, 125 days) 

HQ Hazard Quotient for ingestion lcalculated] (uni tless) 

RIDo Reference Dose for Arsenic for oral intake (3.0E-04 mg/kg-day) 


Ingestion Inta ke and Risk Equation Units Check 

Ingestion [NC] -I mg L day 
-- x-- x-~x year 

mg L day year 

kg day kg x day 

Ingestion [NC] -2 
mg 


kg day 

[Un i fless 1= mg 

kg day 

Ingest ion Inta ke and Risk Calculation (for Arsenic as a Non-Car cinogen and the Park Worker Receptor) 

Ingestion [NC] -I 

(6.2E _ 05) = 0.0 11 x 1x 143 X 25 
70 x9,125 

Compare to: Table 4-7. 1 "Groundwatcr Ingestion Non-Cancer Hazard Calculations/Arsenic Inlake/ Exposurc" = 6.2E-05 
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APPENDIX D 


Sample Intake/Exposure and Risk/Hazard Calculations: Equations, Units Checks, and Sample Calculations 

for a Carcinogen and Non-Carcinogen for the Q uantitatively Evalua ted Exposure Pathways 


Ingestion [NC] -2 

(2 .1E-0 1) = (6.2E -05) 
(3.0 E - 04 ) 

Compare to: Table 4-7. 1 "Groundwater Ingestion Non-Cancer Hazard Ca lculations! Arsenic Hazard Quoti ent" = 2. 1 E-Ol 

Samnle Equations and Calculations for Dermal Absorption from Groundwater by the Park Worker 
(for Arsenic as a Carcinogen) 

Dermal Absorption Intake a nd Risk Equations 
(for Arsenic as a Carcinogen) 

Dermal Absorption [C] - I (for inorganics) 

DAevenl = CW X Kp X CF 2 X levenl 

Dermal Absorption [C] -2 (for iDorgani cs) 

DAD = DA evenl x EV x SA x EF x ED 

BW X ATe 
Derma l Absorption lc] -3 

ELCR = DAD x CSFI) 

Dermal Absorption In take, E xposu re, and Toxicity Parameters 
(for Arsenic as a Carcinogen and the Pa rk Wo rker Recepto r) 

DAevent = Absorbed dose per event rcalculated] (mglcm2-cvent) 
CW Exposure Point Concentration for Arsenic (0.0 II mglL) 
Kp Penneability Cocffieient for Arsenic ( 1.0E-03 em/hour) 
CF2 Conversion Factor 2 (0.00 I Llem' ) 
t event Event Duration ( I hour/event) 
DAD Dennally Absorbed Dose 1calculated] (mglkg-day) 
EV = Event Frequency ( I event/day) 
SA Skin Surface Area available for contact (4,447 em' ) 
EF = Exposure Frequency (143 days/year) 
ED Exposure Duration (25 years) 
BW Body Weight (70 kg) 
ATe Averaging Time for Carcinogen (25,550 days) 
ELCR = Excess Lifetime Cancer Risk fo r demlal absorption [calculated] (unilless) 
CSF]) Cancer Slope Factor for Arsenic for derma l absorption ( 1.5E+00 (mglkg-dayy' ) 
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APPENDIX D 


Sample Intake/Exposure and Risk/Hazard Calculations: Equations, Units Checks, and Sample Calculations 
for a Carcinogen and Non-Carcinogen for the Quantitatively Evaluated Exposure Pathways 

Dermal Absorption Intake and Risk Equation Units Check 

Derma l Absorption rCl -I 

mg mg em L hour 
, - x -:-'-'--'---- x -- X -"-'-'''---­

em - event L hour em 3 event 
Derma l Absorption [C] -2 

mg event day ---,--"'---- x --:-- x em 2 x --'--- x year 
mg em 2 event day year 

kg day kg x day 

Derma l Absorption lCJ ­ 3 

Dermal Absorption Intake and Risk Calculation (for Arsenic as a Carcinogen and the Park Worker Receptor) 

Dermal Absorption [C] -I 

(1.1 £ - 08) = 0.011 X (1.0£ - 03) x O.OOI X I 

Compare to: Table 4-4.3 "OAcvent Calculated for Arsenic" = I 1 E-08 

Dermal Absorption [C] -2 

(1.l £ -08) x lx4,447 xl43 x25
(9.8 £ -08) 

70 X 25 ,550 
Compare (0: Table 4-7. 1 "Groundwater Dermal Absorption Cancer Ri sk Calculations/Arsenic Intake/Exposure" = 

9.8E-08 

Derma l Absorption [C] -3 

(lS£ - 07) =(9.8£ -08)x(1.S£ +00) 

Compare to: Table 4-7. 1 "Groundwater Demml Absorption Cancer Ri sk Calculations! Arsenic Cancer Risk" = 1.5£­
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APPENDIX D 


Sample Intake/Exposure and Risk/Hazard Calculations: Equations, Units Checks, and Sample Calculations 
for a Carcinogen and Non-Carcinogen for the Quantitatively Evaluated Exposure Pathways 

Sample Equations and Calculations for Dermal Absorption from Groundwater bv the Park Worker 
(for Arsenic as a Non-Carcinogen) 

Dermal Absorption Intake and Risk Equations (for Arsenic as a Non-Carcinogen) 

Dermal Absorption [NC] -\ (for inorganics) 

DAevent = CW X Kp X CF 2 X tevent 
Dermal Absorption lNC] -2 

DAevent X EV X SA X EF X ED 
DAD 

BW X 	 ATN 
Dermal Absorption [Ne]-3 

HQ 	 DAD 

RjD D 

Dermal Absorption Intake, Exposure, and Toxicity Parameters (for Arsenic as a Non-Carcinogen and the 
Park Worker Receptor) 

DAcvent = Absorbed dose pcr event l calculated] (mglem2 -event) 
CW Exposure Point Concentration for Arsenic (0.0 I I mgIL) 
Kp Permeability Coefficient for Arsenic (1.0E-03 cm/houc) 
CF2 Conversion Factor 2 (0.00 I Llcm' ) 
( event Event Duration ( I hour/event) 
DAD Dermally Absorbed Dose [calculated] (mglkg-day) 
EV Event Frequency (I event/day) 
SA Skin Surface Area available for contact (4,447 cm' ) 
EF Exposure Frequency (143 days/yo",) 
ED Exposure Duration (25 years) 
BW Body Weight (70 kg) 
ATN = Averaging Time for Non-Carcinogen (9, 125 days) 
HQ Hazard Quotient for denTIal absorption lcalculated] (unitless) 
RfDD Reference Dose for Arsenic for deonal absorption (3.0E-4 mg/kg-day) 

Dermal Absorption Intake and Risk Equation Units Check 

Dermal Absorption [CJ -I 

mg mg em L hOllr 
-- x -:--x--x-- ­, 

em - event L hour em 3 event 
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APP EN DIX D 


Sample Intake/Exposure and Risk/Hazard Calculations: Equations, Units Checks, and Sample Calculations 
for a Carcinogen and Non-Carcinogen for the Q uantitatively Evalua ted Exposure Pathways 

Dermal Absorption lCJ -2 

mg 
mg event 2 day

---,--"--- x -:-- xcm x ­
em 2 event day year 

x year 

kg day kg x day 

Dermal Absorption lCJ-3 
mg 

[Unitless ]= 
kg day 

mg 
kg day 

Dermal Abso rption Intake a nd Risk Calculation (for Arsenic as a No n-Carcinogen and the Pa rk Worker Receptor) 

Dermal Absorption lC]- 1 

( l.I E - 08) = 0.011 x( l.OE - 03)x 0.001 X I 

Compare to: Table 4-4.3 "DAcvcllt Calculated for Arsenic" = I 1£-08 

Dermal Absorption lCJ -2 

( l.I E - 08) X Ix4,447 X 143 X 25
(2 .7 E - 07) 

70 x9,125 

Compare 10 : Table 4-7. 1 "Groundwater Dcnnal Absorption Non-Cancer Hazard Calculai ions/Arscnic 
IntakelExposure" = 2.7E-07 

Dermal Absorption [C]-3 

(2.7 E - 07)
(9 .IE - 04) 

(3.0E - 04) 

Compare to: Table 4-7. 1 "Groundwater Demml Absorption Non-Cancer Hazard Caleulat ions/ Arsenic Hazard 
Quotient" = 9.1 E-04 
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APPENDIX D 


Sample Intake/Exposure and Risk/Hazard Calculations: Equations, Units Checks, and Sample Calculations 
for a Carcinogen and Non-Carcinogen for the Q uantitatively Evalua ted Exposure Pathways 

Sample Equations and Calculations for Inhalation of Volatiles from Groundwater bv the Adult Resident 
(fo r MTBE as a Carcinogen) 

Inhalation Exposure and Risk Equations (fo r MTBE as a Carcinogen) 

Inhalation [C] -1 

EC =CW xK xCF 
Inhalation lc] -2 

£LCR= £CxUR 

Inhalation Exposure and Toxicity Paramete rs (for MTBE as a Carcinogen and the Adult Resident Receptor) 

EC Airborne Exposure Concentration lcalculatedJ (mglm3) 

CW Exposure Point Concentration for MTBE (0.050 mgfL) 

K Defaul t Volati lization Constant (0.0005 (unitlcss)) 

CF Conversion Factor ( 1000 U rn' ) 


ELCR Excess Lifetime Cancer R isk for MTSE inhalation [calculated] (unitless) 

UR Unit R isk fo r MTBE for the inhalation exposure roule (2.6E-04 (mg/m' r ') 


Inhalation Exposure and Ri sk Equation Units Check 

Inhalation [C] -1 

mg IIIg L 
--

3 
=-- x [unilless ) x - , 

111 L III 

Inhalation [C] -2 

m m
[Imitless 1= ~ x -+( )-' 

m m " 

Inhalation Exposure and Risk Calculation (for MTBE as a Carcinogen and the Adul t Resident Receptor) 

Inhalation lCJ -I 

(2.5£ - 02)= 0.050x O.0005 x 1000 
Compare to: Table 4-7.3 "Groundwater Inhalation Cancer Risk CalculationsfMTBE Intake/Exposure" = 2.5£-02 

Inhalation [C] -2 

(6.5£ -06)= (2.5£ - 02)x(2.6£ -04) 
Compare (0 : Table 4-7.3 "Groundwater Inha lation Cancer Risk CalculationslMTBE Cancer Risk" = 6.5E-06 

OS401.Q6 Final Remediallllvestigation Rcpon 10 of II Sepwrnber 20 I I 

OU2. Fletcher's Paint Works and Storage Facility. Milford, Ni l WLlJ0676 


http:OS401.Q6


APPENDIX D 


Sample Intake/Exposure and Risk/Hazard Calculations: Equations, Units Checks, and Sample Calculations 

for a Carcinogen and Non-Carcinogen for the Q uantitatively Evalua ted Exposure Pathways 


Sample Equations and Calculations for Inhalation of Volatiles from Groundwater bv the Adult Resident 

(for MTBE as a Non-Carcinogen) 


Inhalation Exposure and Risk Equations (fo r MTBE as a Non-Carcinogen) 

Inhalation [NC] - I £C =CW xK xCF 

Inhalation [NC] -2 HQ = £C 
RiC 

Inhalation Exposure and Toxicity Parameters (for MTBE as a Non-Carcinogen and the Adult Resident Receptor) 

EC Airborne Exposure Concentration [calculatedl (mg/m3) 

CW Exposure Point Concentration fo r MTBE (0.050 mgfL) 

K Defaul t Volati lization Constant (0.0005 (unilless)) 

CF Conversion Factor ( 1000 Lim' ) 

HQ Hazard Quotient for MTBE inhalation [calculaled] (unitlcss) 

RIC Reference Concentration MTBE for inhalation (J .OE+OO mgfm' ) 


exposure route 

Inhalation Exposure and Risk Equation Units Check 

Inhalation [NC] - I 

mg mg . 
--= -- x [unlfless 

111 
3 L 

Inhalation [NC] -2 
mg 
-;;;r­

[unilless J= mg 
3m 

Inhalation Ex pos ure and Ri sk Calculation (fo r MTBE as a Non-Carcinogen and the Adult Resident Recepto r) 

Inhalation [NCJ - I 

(2.5£ - 02)=0.OSOx O.000S x I 000 

Compare to: Table 4-7.3 "Groundwater Inhalation Non-Cancer Hazard Calculations/MTBE Intake/ Exposure" 
= 2.5E-02 

(2.5£ - 02)
(8.3£ -03) 

Inhalation [NCJ -2 (3.0£ +00) 

Comparc to: Table 4-7.3 "Groundwater Inhalation Non-Canccr Hazard Calculations IMTBE Hazard Quotient" 
= S.JE-OJ 
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