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1.0 INTRODUCTION 


This document is a supplement to the February 1985 Off-Site Remedial 


Investigation report for the ReSolve, Inc. site which described the nature 


and extent of contamination both on the site and off the site. This 


supplement describes the nature and extent of on-site residual contamina­


tion and off-site groundwater and sediment contamination, including a 


section describing migration of groundwater contamination from the site and 


contaminated sediments in nearby waterbodies and wetlands. An RI supplement 


was deemed to be necessary because extensive soil contamination was detected 


on-site during the implementation of the source control alternative, 


selected following completion of the On-Site RI/FS in June 1983. 


The information presented in this report will provide the foundation for a 


comprehensive Feasibility Study (FS) which will examine different alterna­


tives for addressing the contaminated areas referred to above. The FS will 


evaluate the alternatives on the basis of cost and their effectiveness in 


protecting public health, welfare, and the environment as required by the 


Superfund Amendments and Reauthorization Act (SARA) of 1986. 


1.1 SITE BACKGROUND 


The ReSolve Inc. Site is located in a rural area of the Town of North 


Dartmouth, in southeastern Massachusetts, as shown in Figure 1-1. The 


site, which is approximately six acres in area, served as a waste chemical 


reclamation facility from 1956 until 1980. 


The ReSolve site is located on the east side of North Hixville Road. It is 


surrounded by wetlands to the north and east, and a pine and mixed hardwood 


forested area to the south and west. The Copicut River is located about 


500 feet east of the site. It drains into Cornell Pond, which is located 


approximately one quarter of a mile southeast of the site. Cornell 
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Pond drains about 2 miles into Noquochoke Lake, which is designated as a 


secondary water supply source for the City of Fall River. Fall River is 


located about eight miles east of North Dartmouth. Figure 1-2 shows the 


location of the site. 


The subsurface soils underlying the ReSolve site and surrounding areas are 


stratified sand and gravels designated as glacial stratified drift. The 


thickness of these sediments is 20 to 35 feet. In the wetland areas, an 


unknown thickness of peat is overlying the glacial stratified drift. The 


underlying bedrock is reportedly composed of granite and metamorphic rock. 


The residues from the distillation tower were disposed of in four unlined 


on-site lagoons in the northern portion of the site, where they were also 


allegedly burned to reduce levels of volatile organics. A former site 


owner reports that lagoons were used for the disposal of residues for over 


twenty years. Cooling water from the distillation tower was discharged to 


a shallow on-site lagoon in the eastern portion of the site. It is alleged 


that residues from burned tires were also disposed of in the lagoons. 


On October 21, 1980, ReSolve Inc. volunteered to surrender its license to 


collect and dispose of hazardous waste to the Massachusetts Division of 


Water Pollution Control. The license had been issued in 1974. On December 


23, 1980, the Massachusetts Division of Hazardous Waste agreed to accept 


ReSolve's offer, on the condition that all hazardous waste be removed from 


the site. Inspection and monitoring of the site showed that no migration 


of contaminants was occurring from the four lagoons and that vehicle 


inspection and manifest requirements were adhered to for disposal of 


on-site drum and tank wastes. 


In the following months, there was little evidence of responsible action on 


the part of ReSolve, Inc. and, on March 11, 1981, the case was turned over 


to the Massachusetts Attorney General's Office. Later in 1981, all drums 


and other debris were allegedly removed from the site by ReSolve, Inc. 


Demolition and off-site disposal of all buildings on the site also occurred 


in 1981, Following this, the site, with the exception of the slab 


foundations and loading and unloading pads, was covered with an unknown 
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amount of sand. These activities occurred under the direction of the 


present site owner. The contents of the four on-site lagoons were not 


removed. 


On June 19, 1981, the Massachusetts Department of Environmental Quality 


Engineering (DEQE) submitted a request to EPA that the ReSolve, Inc. site 


be placed on the Superfund National Priorities List (NPL). In October 


1981, EPA released the interim NPL list of 115 priority hazardous waste 


sites and the ReSolve, Inc. site was on the list. It then became eligible 


for federal assistance as part of the Superfund program. On December 30, 


1982, the ReSolve, Inc. site was placed on the EPA's proposed NPL. At the 


time, it was ranked as number 156 of a total of 418 hazardous waste sites. 


On July 16, 1982, EPA published a Remedial Action Master Plan (RAMP) for 


the site. The primary purpose of the RAMP was to assess the available site 


data and identify the type, scope, sequence, and schedule of remedial 


projects which would be appropriate at the site. 


An On-Site Remedial Investigation and Feasibility Study (RI/FS) was 


conducted in 1982 for the assessment of on-site contamination and the 


evaluation of remedial measures. Additional data were also collected for 


the assessment of off-site contamination. The final RI/FS was published in 


June 1983. 


During the on-site investigation, a sampling program provided chemical 


analyses for air, surface water, groundwater, soil, lagoon wastes, and 


sediment samples. Indications of contaminated areas and waste types 


identified in previous studies were verified during the on-site RI/FS. The 


lagoon materials were more extensively characterized and the limits of highly 


contaminated soils on-site were identified. The study identified the source 


of on-site contamination as approximately 3,100 cubic yards of lagoon wastes 


and 3,900 cubic yards of contaminated soil. Based on review of analytical 


data from 35 monitoring wells, it was postulated that the extent of 


groundwater contamination was bounded by the Copicut River and Carol's Brook. 
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In June 1983, EPA selected a source control remedial action that included 


excavation of the contaminated lagoons and soils with a PCB concentration 


greater than 50 ppm. This remedial action also included regrading and 


capping the contamination on the site, and providing final cover, drainage, 


and seed for site closure. However, as a result of public concern and 


institutional constraints, EPA modified its remedial action. The source 


control alternative which EPA implemented was off-site disposal of 


contaminated lagoon waste and soils. The design contract documents for the 


off-site disposal program were completed in October 1983. During the 


design efforts, the quantity of waste requiring disposal was increased to a 


total of 15,000 cubic yards. 


Implementation of the remedial alternative, under the direction of the U.S. 


Army Corps of Engineers began in September 1984 and was completed in January 


1987. During this time, approximately 15,000 cubic yards of source material 


were removed. During the source removal activities, extensive soil contami­


nation was detected which was beyond the scope of this phase of the project. 


The Off-Site RI/FS, which was ongoing during source removal activities, also 


indicated that PCB soil and sediment contamination was present in off-site 


wetland areas. The Final Draft Off-Site RI was completed in February 1985. 


This document is a supplement to that report. 


1.2 NATURE AND EXTENT OF THE PROBLEM 


A variety of hazardous materials were handled at the ReSolve site from 1956 


until it ceased operation on October 21, 1980. These hazardous waste 


materials included solvents, waste oils, organic liquids and solids, acids, 


alkalies, and inorganic liquids and solids. 


The major contaminants at the site are PCB compounds. The actual volume of 


the abovementioned materials handled at the reclamation facility is not 


known. It was reported by previous site owners that the only materials 


disposed of on-site were the sludge residue and cooling water from the 


distillation tower. Aerial photographs of the site by the EPA Environmental 


Monitoring Systems Laboratory reveal evidence of discharge in the oil 
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spreading area (see Figure 1-3) in February 1974. In the 1983 RI/FS, the 


following four areas were identified as potential major sources of 


contamination. (See Figure 1-3). These sources were removed during the 


implementation of the remedial alternative from September 1984 to May 1985. 


These areas consisted of: 


•	 Four unlined lagoons in the northern part of the site; 


•	 Filled cooling water pond at the eastern boundary of the site; 


•	 Areas of oil spreading in western and southwestern portions of the 


site; and 


•	 Foundations and concrete pads associated with structures which had 


existed on-site at one time (structural remnants), and contaminated 


soils ("hot-spots"). 


During the source removal phase, additional site investigation studies were 


conducted. This work consisted of 48 onsite shallow borings and a series of 


5 test pits. This data showed that PCB contamination exists at 


concentrations greater than 50 ppm in soils to a depth of 10 feet below 


seasonal low groundwater. 


1.3 REMEDIAL INVESTIGATION SUMMARY 


This report is a summary of the work completed as part of the EPA Superfund 


Remedial Investigation for the ReSolve site. A work plan was developed to 


identify the specific technical tasks necessary to determine the extent of 


site contamination and potential cleanup alternatives. A review of 


existing data regarding the site was used in developing the work plan, 


which was completed in 1985. Sources of data include: 


•	 Remedial Action Master Plan (RAMP), July 16, 1982 
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•	 Camp Dresser & McKee Inc., "Remedial Investigation and Feasibility 


Study for ReSolve, Inc. Hazardous Waste Site, Dartmouth, 


Massachusetts", June 30, 1983. 


•	 Contract Documents: ReSolve Site Cleanup, October 1983 


•	 Camp Dresser & McKee, Inc., "Off-Site Remedial Investigation", 


February 1985 


Following the completion of the Work Plan, Project Operation Plans (POPs), 


were developed for each on-site operation. The ReSolve Quality Assurance 


Plan, Health and Safety Plan, Site Operations Plan, and Sampling and 


Analytical Plan have all been incorporated in these documents. 


1.4 OVERVIEW OF REPORT 


The remaining sections of this report are organized to provide a 


description of on-site and off-site conditions, as well as a summary of the 


specific data collected during this remedial investigation. Also discussed 


are appropriate data from previous Investigations. Section 2.0 presents a 


description of site features, including demography, land use, natural 


resources, and climatology. 


Section 3.0 describes the Investigation of on-site hazardous substances and 


describes waste types and waste component characteristics as well as the 


work conducted to obtain this information. The hydrogeologic investigation 


is described in Section 4.0, while Section 5.0 presents a discussion of 


both historical and current surface water and sediment data. In addition. 


Section 5.0 presents and discusses the results of the fish sampling program 


conducted in the Copicut River and Cornell Pond. 


Sections 6.0 and 7.0, respectively, describe the residential well and air 


quality investigations conducted during the RI. Section 8.0 presents an 


evaluation of the public health and environmental concerns that arise as a 


result of the contaminants found at the site. 
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1.5 INSTITUTIONAL REQUIREMENTS 


EPA policy states that in the process of developing and selecting remedial 


alternatives, primary consideration should be given to remedies that attain 


applicable or relevant and appropriate environmental and public health 


requirements (ARARs) as defined by the Superfund Amendments and 


Reauthorization Act (SARA) and the National Oil and Hazardous Substances 


Pollution Contingency Plan (NCP). 


Applicable requirements are federal public health and environmental 


requirements which would be legally applicable to the response or remedial 


action if that action was not undertaken pursuant to CERCLA (Federal, State 


and local permits are not required for fund-financed remedial actions or 


remedial actions taken pursuant to federal action under Section 106 of 


CERCLA). 


Relevant and appropriate requirements are federal public health and 


environmental requirements that would apply to circumstances sufficiently 


similar to those encountered at CERCLA sites where their application would 


be appropriate although not legally required. 


Requirements to be considered include federal and state advisories, 


guidance documents, policy statements, etc. that are not enforceable but 


pertain to conditions encountered In the remediation of CERCLA sites. All 


state requirements were in this category prior to SARA. Section 121 


(d)(2)(A)(ll) of SARA now requires compliance with State environmental or 


facility siting laws that are more stringent than federal requirements. As 


a result, these statutes and regulations are to be considered as 


potentially applicable or relevant and appropriate to the remediation of 


CERCLA sites. 


A summary of the ARARs that are pertinent to the remedial alternatives 


being developed for the ReSolve Site are presented in Table 1-1. 
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TABLE 1-1 


APPLICAaE OR RELEVANT AM) APPROPRIATE REQUIREhCNTS 

FOR EVALUATION OF REMEDIAL ALTERNATIVES 


ReSOLVE SITE, WRTMDimi. MA 


HOT RELEVANT* TDBE 
RECUIR£>CMT APPLICABLE APPLICABLE APPROPRIATE CONSIDERED RATIONALE 

I  .	 FEDERAL REqUIRH€NrS 

1 . Open Dui? C r i t e r i a (RCRA 	 Relevant to non-hazardous ves tes . Superfund 
S i t t i t l e	 0 , 40 CFR Part 257) wastes handled 1n accordance w i t h RCRA Sub t i t l e 

C (40 CFR Part 264). 

2.	 teardous Waste Requiranents (RCRA Standards appl icable t o t r e a t i n g , s to r ing 
Sub t i t l e C, 40 CFR Part 264) and disposing o f hazardous waste. 

a. &TXjnd Water Protect ion (264.90 	 Raifidial a l te rna t ives nay include aqu i fer 
264.109) 	 remediation. Hazardous const i tuents not to 

exceed l i m i t s i n Section 264.94 (Background 
l-Os). 

b.	 (Vnond Water ^tonitoring (265.90 40 CFR 265.90 - 265.94 applies bo interim 
265.94) status facil it ies. 

c.	 Closure S Post-Closure (264.110 - Desigi i performance standards f o r 
264.120) remediation plans. 

d.	 Containers (264.170 - 264.178) A l l ons i te containers t o be removed p r i o r to 
a l ternat ives development. 

e.	 Tanks (264.190 - 264.200) Ranedial a l te rna t ives include on -s i t e water 
treatment invo lv ing surface tanks. 

f .	 Surface Irpoundrents (264.220 - Closure by ranoval (clean closures) may be 
264.249) involved. 

g .	 Waste P i l es (264.250 - 264.269) Waste piles have been removed and are not 
being considered as a ranedial alternative. 

h.	 Land Treatnent (264.270 - 264.299) Land treatment is not being considered as 

a ranedial action. 


i .	 Landfills (264.300 - 264.339) A landfilling type operation is being 
considered as a remedial action. Site-specific 
circunstances may require variances fron RCRA 
standards which mjst be defended in FS. 
Contairment is also considered. 



TABU 1-1 

APPLICABLE OR RE1£VAMT AND APPROPRIATE REQUIRQCNTS 

FOR EVALUATION OF RDEDIAL ALTERNATIVES 


ReSOLVE SITE, OARTHXm. MA 


NOT RELEVANT* TO BE 
REQUIR£>€>fT APPLICABLE APPLICABLE APPROPRIATE CONSIDERED RATIONAlf 

j . Indnerators (264.340 ­ 264.999) On-site incineration is being considered as 
a ranedial action. 

3. Safe Drinking Water Act Water quality requiranents. 

a. IbximLin Contaminant Levels (MCLs) Ch-site aquifer rendered unsuitable for 
piiilic drinking water source due to past 
disposal practices; however ranedial actions may 
provide clean-up to the MXs. 

b. fbx inun Contaminant Level Goals (M:LGS) SARA Sec. 121(d)(2)(A)(ii). 

c  . Underground In jec t io  n Control Regula­ May be applicable to on-site ground«ater 
t i on  s (40 CFR Parts 144, 145, 146, and recirculation systems. 
147 

I 4  . Toxic Substances Control Ac t Hazardous waste requiranents. 
I—' 
ro (15 U.S.C. 2601) 

a. PCB Requiranents (40 CFR 761) PCBs are a major site contaminant. 

b. Disposal o  f Waste Material Containing TCOO not present at site. 
TCDO (40 CFR 775.180 ­ 775.197) 

c . TSCA health data, cham"cal 
adv isor ies , and Ccnpliance 
Program po l icy 

5. Health Advisor ies, EPA Of f ice o  f RI activities identified presence of 
D r i v i n  g Water chanicals for v^ich health advisories are 

listed. 

6. Clean Water Act (PL92-500) Water quality requiranents. 

a. State Water Quality Standards Copicut River a Class B stream. Standards 
(Sections 301, 302 and 303) only address pH, taiperature and dissolved 

oxygen. On-site dredging alternatives will 
require state water quality certification (see 
Section I I  , No. 3 and 6). 

b. Federal Water Quality Criteria (FWQC) Ranedial actions will provide grounAeter 
ranediation. SARA 121 (d)(2)(A)(ii). 



R£QUIR£>€NT 

c. Federal Pretreatment Requirements 
fbr Discharge to Publicly 0»med 
Treatment Works (Sections 306 and 
307) 

d. Ocean Duiping Requiranents 
(Section 403) 

e. NPOeS Permit 

Marine Protection Research and 
Santuaries Act (33 USC 1401) 

a. Incineration at Sea Requiranents 
(40 CFR Parts 220 - 225, 227. 228 
and 125.120 ­ 125.124) 

I 
I—" 
oo 

8. Section 404 (b)(1) Guidelines for 
Specification of Disposal Sites for 
Dredged or Fi l l Material (40 CFR 
Part 230) 

Dredged feterial Disposal Sites Denial 
or Restriction Procedures (404(c); 
40 CFR Part 231) 

10. Regulation of Activities Affecting 
Water of the U.S. (33 CFR Parts 
320-329) 

11. Tie Uraniun f-till Tailings Remediation 
Control Act (42 U.S.C. 2022) 

a. Uraniun I4ill Tailings Rules 
(40 CFR Part 192) 

TABLE 1-1 


APPLICABLE OR RELEVANT AfO APPROPRIATE REQUIREfOfTS 

FOR EVALUATION CF REJtDIAL ALTERNATIVES 


ReSOLVE SITE, DARTHUm, W 


NOT RELEVANT* TO BE 

APPLICABLE APPLICABLE APPROPRIATE CONSIDERED 
 RATIONALE 

Ranedial alternatives ray include on-site 
water treatment discharged to POTW. 

Not a ranedial alternative site. 

Ranedial alternatives ray include discharge to 
surface waters. 

Site not located in areas protected by Act. 

Not a ranedial alternative at site. 

Ranedial alternatives at Site ray include 
dredging and f i l l ing in wetlands. 

See Above. 

Corps of Engineers Regulations apply to 
both wetlands and navigable waters (Section 
10 waters). For wetland considerations see Item 
Mo. 8. Section 10 waters not affected by 
ranedial actions. 

By-prodJCts or uraniun mining not present 
at site. 



TABLE 1-1 


APPLICABLE CR RELEVANT AM) APPROPRIATE REQUIREhCNTS 

FOR EVALUATION CF R£>H)IAL ALTERNATIVES 


ReSOLVE SITE, DARIMaUTH, MA 


NOT RELEVANT* TDBE 
REQuiREmrr APPLICABl£ APPLICABLE APPROPRIATE CONSIDERED RATIONALE 

12. Clean A i  r Act (42 USC 7401) 

a. National Aitiient Air Quality 
Standards (NAAQS) for Six 
Criteria Pollutants (40 CFR Part 50) 

On-site ranedial alternatives may include 
incineration. 

b. Standards fo r Protect ion Against 
Radiation (10 CFR Par t 20) 

No radioactive waste on site. 

c. National Emissions Standards f o  r 
Hazardous A i  r Po l l u tan ts  ; Asbestos 
and Radionuclides (40 C  R Part 61) 

Asbestos and radionuciides not presnet 
at site. 

d. Public healtli basis to l i s  t pollutants 
as hazardous under Section 112 of the 
CTean Air Art 

See No. 12a. above. 

I 13. OSHA Requiranents (29 CFR Parts 1910, 
1926 and 1904) 

Required for workers engaged in on-site 
ranedial activities and for non-workplace ptfclic 
health. 

14. Executive Orders 11988 (Floodplain 
Managanent) and 11990 (Protect ion o  f 
Wetlands) 

Both floodplain and wetland resources may be 
in^cted by the site ranedial alternative. 

15. Acts Related t  o Protect ion and 
Preservation o  f Nat iona l , Archaeo­
logical o r Cul tural Resources (32 
CFR Part 229 and 229.4; and 43 CFR 
Parts 7 and 7.4) 

No protected resources on site. 

16. DOT Rules fo r Hazardous l -b ter ia ls 
Transport (49 CFR Parts 107, 171.1 ­
171.500) 

Ranedial alternatives include off-site 
treatment and disposal. 

17. Endangered Species / t  t
(16 USC 1531) 

 o f 1973 No listed species on site. 

18. Fish * Wildlife Coordination Act 
(16 USC 661) 

Ranedial alternatives requiring taking of 
on-site wetlands may ranove protected habitats, 
USFWS Coordination needed. 



TABLE 1-1 


APPLICABLE OR RELEVANT AM) APPROPRIATE REQUIR£^€N^S 

FOR EVALUATION OF REhtDIAL ALTERNATIVES 


ReSOLVE SITE, DARlMJOm, MA 


NOT RELEVANT* TO BE 
REQUIRDCNT APPLICABLE APPLICABLE APPROPRIATE CONSIDERED RATIONALE 

19.	 Fish * Wildlife Inprovanent Act of See above. 

1978 (16 use 742a) 


20.	 Fish * Wildlife Conservation Act of See above. 

1980 (16 USC 2901) 


2 1 .	 Coastal Zone Managanent Act (16 USC Site not located in coastal zone. 
1451) 

22.	 Pest ic ide Reg is t ra t i on , Tolerances Pesticides not present on site. 
and Act ion Levels 

23.	 Waste Load A l loca t ion Procedures Site ranedial actions could Include discharging 
to POTW. 

24.	 Health E f fec ts Assessments Public health risk assesgnent included in RI 
report 

1—
I 

' 25. EPA's Groundwater Protect ion Strategy Ranedial alternatives nust consider EPA class­
t  n ification of grouncVater conditions at site. 

I I  .	 STATE REQUIRH€NTS 

1 .	 Mass. Hazardous Waste Regulations Standards for treating, storing and disposing 
(G.L. CH. 21C; 310 CM? 30.00) 	 of hazardous waste. 

a .	 Groundater Protect ion (30.660 - See Section I, No. 2a. 
30.675) 

b.	 Closure and Post Closure (30.580 See Section I. No. 2c. 
30.586; 30.590 - 30.595) 

c .	 Use and Managanent o f Containers See Section I, No. 2d. 
(30.680-30.689) 

d.	 Storage and Treatnent in Tanks See Section I, No. 2e. 
(30.690 - 30.696) 



I 

T«LE 1-1 

APPLICABLE OR RELEVANT AM) APPROPRIATE REQUIREhtMTS 

FDR EVALUATION OF REWDIAL ALTEWWnVES 


ReSaVE SITE. DARmDUIH, MA 


NOT RELEVANT* TDBE 
REQUIREI€NT APPLICABLE APPLICABLE APPROPRIATE CONSIDERED RATIONALE 

e.	 Surface Iiipoundnents (30.610 - See Section I, No. 2f. 
30.618) 

f .	 Waste P i les (30.640 - 30.649) X See Section I , No. 2g. 

g.	 Und Treatment Units (30.650 - See Ssction I, No. 2}i. 
X.659) 

h.	 Undfil ls (M.620 - 30.633) See Section I, No. 2 i . 

i .	 Additional Requirements for Pre­ See Section I, No. 2 j . 
vention of Air Pollution Control 

2 Ĥ 7a)nrlnirt Uastp Facility Siting Act 	 Site activities exaipted by 990 CM? 
(G.L. CH. 21D; 990 CW 1.00 - 16.00) 	 1.02 (2) (e). 

3. Certification for Dredging, Dredged 	 Ranedial alternatives at site ray Include 
fteterial Disposal and Fil l ing in dredging and f i l l ing in wetlands. 

cn Waters (314 CM? 9.00) 

4 .	 ftess. Groundwater Discharge Permit Ranedial alternatives may include groundwater 
Program and Groundwater Qual i ty redrculation and discharge after treatment. 
Regulations (314 CM? 6.00) 

5.	 Mass. A i r Po l l u t i on Control Regulat ions, See Section I, No. 12a. 

Inc luding Inc inera t ion and Dust Control 

Regulations 


6 .	 ffass. Surface Water Qual i ty Standards Reredial alternatives ray include discharge to 
(314 a  n 4.00) surface waters. 

7.	 Sol id Vbste Regulations (Ch. I l l  , Ranedial alternatives ray include landfilling 
Sec. 15QA, 1508) 

8 .	 Mass. Underground I n j ec t i on Control See Section I, No. 3c. 

Regulations 


9 .	 Mass. Wetlands Protect ion Act See Section I, No. 8 and Section I I , No. 3. 

10.	 Nbss. Envlroftnental Policy Pet (NEPA) Envirormental Notification Form filed by Mass. 
OEQE. 





2.0 SITE FJ2ATURES INVESTIGATION 


This section presents the results of the investigation of the features of 


the ReSolve site and vicinity. The information is summarized in 


subsections on the following topics: demography, land use, natural 


resources, and climatology. Each subsection describes the key parameters 


investigated and analyzed for the ReSolve site. This information will be 


pertinent to the technical, public health, and environmental analyses to be 


conducted in the site feasibility study. 


2.1 DEMOGRAPHY 


The ReSolve hazardous waste site .Is located in the Town of North Darmouth, 


Massachusetts. According to the 1.980 Massachusetts Census, North Dartmouth 


has a population of approximately 26,000 in an area of about 62 square 


miles. The 1980 population represents an increase of approximately 17 


percent over the 1975 population cf 21,600 persons. Based on the 1980 


census, approximately 114 people live within a one half mile radius of the 


site, and approximately 326 people live within a one mile radius of the 


site. The 1980 census also indicates that within the census tracts which 


intersect the one mile site radius, 35 percent of the population are within 


the 0 to 18 year age group, 60 percent are 18 to 64 years, and the 


remaining 5 percent are 65 years and older. 


Two residences are located within .50 yards of the site - one is located to 


the northwest of the site, and the other to the southwest of the site. Six 


other residences are found along North Hixville Road within one quarter 


mile of the site, and about six other residences are located along Old Fall 


River Road. (See Figure 1-2). All residences in the area obtain their 


water from private wells located on their property. The small village of 


Hixville is located approximately one-half mile south of the site. 
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2.2 LAND USE 


The land surrounding the ReSolve site is predominately zoned for single 


family residential use, that is, lot sizes of 40,000 square feet or larger. 


Two auto salvage yards are located on North Hixville Road, 500 feet and 300 


feet to the north and northwest of the site, respectively. The gravel pits 


located to the northwest of the site have been closed and revegetated. 


About 180 acres to the northeast of the site are owned by the Rod and Gun 


Club of New Bedford. This land is used by the club for hunting (rabbits 


and pheasants are stocked by the club), fishing, and target shooting. Part 


of the acreage is also used in conjunction with a forestry management 


program. Twenty-five acres of land immediately south of the site 


bordering the Algonquin Gas Pipeline right-of-way and the Copicut River are 


held by the Darmouth Natural Resource Trust. 


The Sousa Dairy Farm is located approximately three quarters of a mile 


northwest of the site. The farm raises approximately 100 head of cattle as 


well as silage for feed. 


2.3 NATURAL RESOURCES 


The area surrounding the ReSolve site consists primarily of wetlands, 


except for a pine and mixed hardwood forested area to the south and west. 


The Rod and Gun Club of New Bedford also conducts a forestry management 


program to the northeast of the site. Vegetation typical of the wetlands 


areas includes: 


• highbush blueberry • red maple 


• sphagnum moss • bur reed 


• sweet pepper • tufted sedges 


• swamp azalea • green briar 


• tupelo 


The Copicut River, classified as Class B by the Commonwealth of 


Massachusetts, is located about 500 feet directly east of the site. Class 


B waters are designated (under 314 CMR 4.03) for the uses of protection and 
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propagation of fish, other aquatic life, and wildlife; and for primary and 


secondary contact recreation. Water quality standards for Class B waters 


are listed in Table 2-1. In addition, the Massachusetts Division of Water 


Pollution Control may use EPA criteria for establishing case-by-case 


discharge limits for pollutants not specifically listed in these standards. 


The Copicut River drains directly into Cornell Pond approximately one 


quarter of a mile down river from the site. Cornell Pond is popular for 


sport fishing. Horn pout, perch, and pickerel are the common species 


captured. Outflow from Cornell Pond merges with Shingle Island River which 


then flows into Noquochoke Lake, located about two miles downstream of 


Cornell Pond. (See Figure 1-2). Noquochoke Lake is highly enriched with 


nutrients and stratifies in the summer months, so that sufficient levels of 


dissolved oxygen may not be present to support a healthy aquatic community. 


A town forest is located about two miles south of the site, adjacent to 


Interstate Highway 195. No rare or endangered species, plants or animals 


have been reported within a two mile radius of the site (Woolsey, 1985). 


2.4 CLIMATOLOGY 


Information on climatologlcal conditions can aid in identifying how a site 


may impact the surrounding environment. For example, high ambient air 


temperatures can result in increased volatilization of organic compounds, 


and precipitation can result in the generation of leachate feeding into 


bordering streams and rivers. 


Climate information is derived from the meteorological station located in 


New Bedford, Massachusetts. A summs, ry of local climatologlcal data shows 


that annual precipitation averages Al inches in Dartmouth, with most annual 

totals within 14 percent of the no rnial. In some years, however, values may 


vary by more than 30 percent Average monthly precipitation ranges from 


2.2 inches to 4.1 inches. 


-3 




IABLE 2-1 


COMMONWEALTH OF MASSACfjUSETTS WATER QUALITY STANDARDS 

FOR CLASS B WATERS* 


Parameter Criteria 

Dissolved Oxygen Shall be a minimum of 5.0 mg/l in 
warm water fisheries and a minimum 
of 6.0 mg/l in cold water fisheries. 

Temperature Shall not exceed B3°F (2B.3°C) in 
warm water fisheries or 68 F (20 C) 
in cold water fisheries, nor shall 
the rise resulting from artificial 
origin exceed 4.0 F (2.2°C). 

pH Shall be in the range of 6.5 ­ 8.0 
standard units and not more than 0.2 
units outside of the naturally 
occurring range. 

Fecal Coliform Bacteria Shall not exceed a log mean for a 
set of samples of 200 per 100 ml, 
nor shall more than 10% of the total 
samples exceed 400 per 100 ml during 
any monthly sampling period, except 
as provided in 314 CMR 4.02(1). 

*314 CMR 4.03 
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Precipitation data from the New Bedford, Massachusetts station during the 


remedial investigation study time period is presented in Section 5.1. 


Temperatures range from an average low of about 32 degrees Fahrenheit on 


January 1 to about 72 degrees Fahrenheit on July 1. Evapotranspiration 


returns approximately 53 percent of the total volume of precipitation to 


the atmosphere. 
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3.0 HAZARDOUS SUBSTANCE INVESTIGATION 


3.1 WASTE MATERIAL CHARACTERISTICS 


This section and the balance of the report present the findings of the 


Remedial Investigation (RI). In order for the reader to understand why 


particular media (air, soil, water) were sampled, and what chemical 


components were analyzed for, a basic understanding of how concentrations 


of contaminants are reported and what contaminants are typical of hazardous 


wastes is required. In the following subsections, a short introduction 


provides the reader with a basic working knowledge of the chemical 


nomenclature which is used throughout the report. 


3.1.1 CHEMICAL CONCENTRATIONS 


The concentration of a chemical compound is reported as the amount of that 


compound relative to the amount of whatever material it is mixed with. For 


ease of approach, no matter what material the chemical is mixed with, 


concentrations can be reported as parts per million (ppm) or parts per 


billion (ppb). For solids, this represents weight of chemical to weight of 


solid (for example, soils). For air, units are parts of vapor or gas per 


parts of air by volume. For liquids, units are generally weight of 


chemical per volume of water. 


In this report, levels of contaminants in ground water and surface water 


are generally reported in ppb, while levels in contaminated soils or source 


material are presented in ppm (1 ppm = 1,000 ppb). The overall importance 


of these various levels of contamination are discussed in the appropriate 


sections, and the public health and environmental impacts of these levels 


are presented in Section 8. 


3.1.2 CHEMICAL PARAMETERS 


The hazardous compounds analyzed for in this report are based on U.S. EPA's 


40 CFR Part 116.4 Designation of Hazardous Substances. These substances 
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are broken down into two main categories, organic compounds and inorganic 


compounds (metals). The organic compounds are further divided into 


volatile, extractable and PCB/Pesticide compounds as presented below. 


Organic Compounds 


These carbon based chemicals are all man made and are products or wastes from 


industrial processes. Because they are man made there should be no back­


ground concentrations of these materials in an undisturbed rural environment. 


Total Volatile Organics 


A total of 35 chemical compounds make up this group of hazardous substances. 


As the name indicates, these compounds are most easily released or volatlze 


into the air from water or soil. These substances are typically associated 


with common solvents and cleaning fluids. 


Volatile Compounds 


Chloromethane 


Bromomethane 


Vinyl Chloride 


Chloroethane 


Methylene Chloride 


Acetone 


Carbon Disulfide 


1,1-Dichloroethene 


1,1-Dichloroethane 


Trans-1,2-Dichloroethene 


Chloroform 


1,2-Dichloroethane 


2-Butanone 


1,1,1-Trichloroethane 


Carbon Tetrachloride 


Vinyl Acetate 


Bromodichloromethane 


1,1,2,2-Tetrachloroethane 


1,2-Dichloropropane 


Trans-1,3-Dichloropropene 


Trichloroethene 


Dibromochloromethane 


1,1,2-Trichloroethane 


Benzene 


cis-1,3-Dichloropropene 


2-Chloroethylvinylether 


Bromoform 


2-Hexanone 


4-Methyl-2-Pentanone 


Tetrachloroethene 


Toluene 


Chlorobenzene 


Ethylbenzene 


Styrene 


Total Xylenes 
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Extractable Compounds 


These chemicals are more accurately called acid/base-neutral extractable 


organics or semi-volatile organics. These are commonly referred to as 


extractable compounds. The name is derived from the required change in pH 


to either acid or base in order to purge the chemical from the water or 


soil. The acid extractable group consists of 10 phenolic compounds, with 


the base-neutral extractables making up the balance of the 68 compounds in 


this category. These compounds have a broad source from general industrial 


chemistry to petrochemicals and by-products. 


Extractable Compounds 


N-Nitrosodimethylamine 


Phenol 


Aniline 


bis (2-Chloroethyl) Ether 


2-Chlorophenol 


1,3-Dichlorobenzene 


1,4-Dichlorobenzene 


Benzyl Alcohol 


1,2-Dichlorobenzene 


2-Methylphenol 


bis (2-chloroisopropyl) Ether 


4-Methylphenol 


N-Ni troso-Di-n-Propylamine 


Hexachloroethane 


Nitrobenzene 


Isophorene 


2-Nitrophenol 


2,4-Dimethylphenol 


bis (2-Chloroethoxy) Methane 


2,4-Dichlorophenol 


1,2,4-Trichlorobenzene 


Napthalene 


4-Chloroaniline 


Acenaphthene 


2,4-Dini trophenol 


4-Nltrophenol 


Dibenzofuran 


2,4-Dinitrotoluene 


2,6-Dini trotoluene 


Diethyl Phthalate 


4-Chlorophenyl-phenylether 


Fluorene 


4-Nitroaniline 


4,6-Dinitro-2-Methylphenol 


N-Nltrosodlphylamlne (1) 


4-Bromophenyl-phenylether 


Hexachlorobenzene 


Pentachlorophenol 


Phenanthrene 


Anthracene 


Di-n-Butyl Phthalate 


Fluoranthene 


Benzidine 


Pyrene 


Butylbenzyl Phthalate 


3,3-Dichlorobenzidine 
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Hexachlorobutadiene 


4-Chloro-3-Methylphenol 


2-Methylnapthalene 


Hexachlorocyclopentadiene 


2,4,6-Trichlorophenol 


2,4,5-Trichlorophenol 


2-Chloronapthalene 


2-Nitroaniline 


Dimethyl Phthalate 


Acenaphthylene 


3-Nitroaniline 


PCB/Pesticides 


Benzo (a) Anthracene 


bis (2-Ethylhexyl) Phthalate 


Chrysene 


Di-n-Octyl Phthalate 


Benzo (b) Fluoranthene 


Benzo (k) Fluoranthene 


Benzo (a) Pyrene 


Indeno (1,2,3-cd) Pyrene 


Dibenzo (a,h) Anthracene 


Benzo (g,h,i) Perylene 


PCBs (polychlorinated biphenyls) have been used as liquid coolants in 


transformers, as flame retardants, lubricants, machine tool cutting oils 


and hydraulic fluids. Some 210 different PCB molecules that are possible 


blends of these different compounds were marketed under the trade name 


"aroclor". Pesticides refer to chemicals used for general insect/rodent 


control (DDT) as well as herbicides, used for control of vegetation. 


PCB/Pesticides 


Alpha-BHC 


Beta-BHC 


Delta-BHC 


Gamma-BHC (Lindane) 


Heptachlor 


Aldrin 


Heptachlor Epoxide 


Endosulfan I 


Dieldrin 


4,4-DDE 


Endrin 


Endosulfan II 


4,4-DDD 


Endrin Aldehyde 


Endosulfan Sulfate 


4,4-DDT 


Methyloxychlor 


Endrin Ketone 


Chlordane 


Toxaphene 


Aroclor 1016 


Aroclor 1221 


Aroclor 1232 


Aroclor 1242 


Aroclor 1248 


Aroclor 1254 


Aroclor 1260 
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Inorganic Compounds 


Many of these elements are naturally occuring in soils at various levels 


depending on soil type, depth and location. Five inorganics were chosen to 


establish background levels (those levels which occur naturally in the 


area). These five (arsenic, cadmium, chromium, lead and mercury) pose a 


potentially serious hazard to the flora and fauna of the area and can be 


used to indicate "clean-up" levels. 


Inorganic Compounds 


Aluminum Mercury 

Antimony Nickel 

Arsenic Potassium 

Barium Selenium 

Beryllium Silver 

Cadmium Sodium 

Calcium Thallium 

Chromium Tin 

Cobalt Vanadium 

Copper Zinc 

Iron Cyanide (CN) 

Lead Ammonia (NH) 

Magnesium Sulfide 

Manganese 

3.2 SITE WASTE COMPONENT CHARACTERISTICS 


3.2.1 INTRODUCTION 


The purpose of this section is to outline the area-specific/media-specific 


investigation that was performed at the ReSolve Site, to define the nature 


of the contamination found on site, and to present the physical/chemical 


characteristics of this contaminated material. 
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Figure 1-3 in Section 1.3 locates those waste disposal and spill areas where 


soil was removed for offsite disposal, as a part of the source control 


remedial alternative initiated by the U.S. EPA. A total of approximately 


15,000 cubic yards of PCB waste material and associated contaminated soil 


were removed. The purpose of that program was to determine the extent of 


residual PCB contamination including the surrounding soils and to remove 


these source areas. 


PCB oils are generally insoluble in water and would typically be found float­


ing on top of the groundwater, independent of the degree of PCB contamina­


tion. The results of the initial sampling program however, indicated that 


the PCB oils at the ReSolve Site had moved in the soil matrix to levels below 


even the seasonably low groundwater levels. This movement was most likely 


attributable to the PCB-contaminated oils solubilizing in the groundwater, 


caused by the high concentrations of organic solvents being land farmed 


onsite. The change in the physical/chemical nature of the oils resulting 


from the high degree of volatile organic contamination, caused the PCB 


migration to be much greater than would be expected in a PCB spill situation. 


Therefore, a more extensive onsite soil assessment program was initiated as a 


part of the ReSolve Site Remedial Investigation to determine the extent of 


the PCB and volatile organic contamination. 


3.2.2 EXTENT OF CONTAMINATION 


An extensive soil boring investigation was conducted including a total of 56 


borings, of which 44 boreholes were on-site, and 12 were off-site, including 


2 shallow boreholes on the gas pipeline ROW (SB901 and SB902). Fifty percent 


of the onsite boreholes extended to bedrock. Figure 3-1 presents the 


location of these boreholes. Each boring Included continuous split-spoon 


sampling with samples (see Appendix A) being collected at approximately two 


foot intervals. These samples were then analyzed for PCB and volatile 


organic compounds. A summary of these data are presented in Table 3-1. 


Figure 3-2 indicates cross-sections of the site. These cross-sections are 


located in the Appendices (Figures A-la through A-lf). 
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TfiELE 3 - 1 

CN-SnE SOIL BCREG ANALSnCAL RESULTS 


CDM Sanple No. 


243-SB-Ol-OOl 

243-SB-01-013 

243-SB-01-081 

243-SB-01-082 

243-SB-01-083 

243-SB-01-084 

243-SB-01-065 


243-SB-O2-002 

243-SB-02-014 

243-SB-O2-086 

243-SB-02-087 

243-SB-02-088 

243-SB-02-089 

243-SB-02-090 

243-SB^-091 

243-SB-02-092 


24S-SB-03-003 

243-SB-03-015 

243-SB-03-102 

243-SB-03-103 

243-SB-03rl04 


243-SB-04-004 

24S-SB-04-005 

243-SB-0M)16 

243-SB-04-152 

243-SB-04-153 

243-SB-04-154 


243-SB-05-006 

243-SB-05-038 


24S-SB-06-007 

243-SB-06-039 


243-SB-07-019 

243-SB-O7-O40 


243-SB-08-020 

243-SB-08-041 


243-SB-09-008 

243-SB-09-017 

243-SB-09-150 

243-SB-09-151 


243-SB-10-009 

243-SB-10-018 


Sample 

Type 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 


Grab 

Grab 


Grab 

Grab 


Grab 

Grab 


Grab 

Grab 

Grab 

Grab 


Grab 

Grab 


Location 


SB-01 

SB-01 

SB-01 

SB-01 

SB-01 

SB-01 

SB-01 


SB-02 

SB-02 

SB-02 

SB^2 

SB-02 

S&^2 

SB-02 

SB-02 

SB-02 


SB-03 

SB-03 

SB-03 

SB-03 

SB^3 


SB-04 

SB-04 

SB-04 

SB-04 

SB-04 

S B ^ 


S&-05 

SB-05 


SB-06 

S B ^ 


SB-07 

SB-07 


SB-07 

SB-07 


S B ^ 

SB-09 

SB-09 

SB-09 


SB-10 

SB-10 


Elevation 

Collected 


88 

85 


82.5-80.5 

80.5-78.0 

77.5-75.5 

75-73 


72.5-70.5 


88 

85 

85-83 


82.5-80.5 

80-78 


77.5-75.5 

75-73 


72.5-70.5 

70-68 


88 

85 


82.5-80.5 

80-78 


77.S-75.5 


88 

88 

85 

85-83 

75-72.5 

75-72.5 


88 

85 


88 

85 


85 

85 


85 

85 


88 

85 

85-83 

70-68 


88 

85 


Date 

Collected 


10/22/85 

10/23/85 

11/04/85 

11/04/85 

11/04/85 

11/04/85 

11/04/85 


10/22/85 

10/23/85 

11/04/85 

11/04/85 

11/04/85 

11/04/85 

11/04/85 

11/04/85 

11/04/85 


10/22/85 

10/23/85 

11/07/85 

11/07/85 

11/07/85 


10/22/85 

10/22/85 

10/23/85 

11/14/85 

11/15/85 

11/15/85 


10/22/85 

10/24/85 


10/22/85 

10/24/85 


10/24/85 

10/24/85 


10/24/85 

10/28/85 


10/22/85 

10/23/85 

11/14/85 

11/14/85 


10/22/85 

10/23/85 


Total 

PCB's 


0.9 

-


0.1 

0.2 

0.1 

-

-


244.4 

1.1 

2.6 

1.0 

3.8 

3.0 

2.1 

3.1 

0.8 


^ 


0.3 

1.2 

-

-


0.7 

5.3 

6.2 

2.0 

-

-


.6 

20 


10.8 

64.6 


0.3 

0.7 


1.8 

0.3 


63.0 

2.2 

17.5 

0.8 


3.2 

1.1 


Total 

Volatiles 


0.1 

0.7 

-

-

-

-

-


29,250.0 

3.0 

-

-


0.3 

208.2 


-

1.4 

-


10.8 

58.1 


-

-

-


_ 

0.5 

7.9 

0.1 

-

-


1.0 

0.2 


_ 

0.2 


0.1 

21.2 


0.1 

2.8 


_ 


0.5 

-

-


_ 


1.1 
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TABIE 3-1 (Cont'd) 
GN-snE SOIL BORING: ANALYHCAL RESULTS 

CDM Sample No. 


243-SB-10-148 

243-SB-l(>-149 


243-SB-ll-OlO 

243-SB-11-042 

243-SB-11-105 

243-SB-11-106 

243-SB-11-109 

243-SB-ll-llO 


243-SB-12-011 

243-SB-12-012 

243-SB-12-043 

243-SB-12-112 

243-SB-12-113 

243-SB-12-116 

243-SB-12-119 

243-SB-12-120 

243-SB-12-123 


243-SB-13-021 

243-SB-13-044 


243-SB-14-022 

243-SB-14-045 


243-SB-15-046 

243-SB-15-047 


243-SB-16-0^ 

243-SB-16-049 


243-SB-17-023 

243-SB-17-050 

243-SB-17-144 

243-SB-17-145 

24S-SB-17-146 

243-SB-17-147 


243-SB-18-024 

243-SB-18-051 

243-SB-18-127 

243-SB-18-178 

243-SB-18-129 


243-SB-19-025 

243-SB-19-052 

243-SB-19-140 

243-SB-19-141 

243-SB-19-142 

243-SB-19-143 


Sample 

Type 


Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 


Grab 

Grab 


Grab 

Grab 


Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

(kab 


Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Location 


SB-10 

SB-10 


SB-11 

SB-11 

SB-11 

SB-11 

SB-11 

SB-11 


SB-12 

SB-12 

SB-12 

SB-12 

SB-12 

SB-12 

SB-12 

SB-12 

SB-12 


SB-13 

SB-13 


SB-14 

SB-14 


SB-15 

SB-15 


SB-16 

SB-16 


SB-17 

SB-17 

SB-17 

SB-17 

SB-17 

SB-17 


SB-18 

SB-18 

SB-18 

SB-18 

SB-18 


S&-19 

SB-19 

S&-19 

SB-19 

SB-19 

SB-19 


Elevation 

Collected 


85-83 

72.5-70.5 


88 

85 


82.5-80.5 

77.5-75.5 

75-73 


72.5-71.5 


88 

88 

85 

85-83 

85-83 


82.5-80.5 

80-78 

80-78 

65-63.5 


85 

85 


85 

85 


88 

85 


88 

85 


88 

85 


82.5-80.5 

82.5-80.5 

75-73 

70-68 


88 

85 


82.5-80.5 

80-78 

75-73 


88 

85 

85-83 

75-73 


65.5-63 

65.5-63 


Date 

Collected 


11/14/85 

11/14/85 


10/22/85 

10/28/85 

11/07/85 

11/08/85 

11/08/85 

11/08/85 


10/23/85 

10/23/85 

10/28/85 

11/08/85 

11/08/85 

11/08/85 

11/08/85 

11/08/85 

11/08/85 


10/24/85 

10/28/85 


10/24/85 

10/28/85 


10/28/85 

10/28/85 


10/28/85 

10/28/85 


11/13/85 

11/13/85 

11/13/85 

11/13/85 

11/13/85 

11/13/85 


10/24/85 

10/28/85 

11/11/85 

11/11/85 

11/11/85 


10/24/85 

10/28/85 

11/13/85 

11/13/85 

11/13/85 

11/13/85 


Total. 

PCB's 


0.2 

0.2 


2.0 

1.2 

-

-

-

-


12.2 

2.0 

1.0 


23.1 

-

-


0.4 

0.4 

-


3.2 

4.9 


0.3 

1.0 


430.0 

35.0 


9.4 

5.3 


2,400.0 

1,300.0 


23.0 

24.0 

0.4 

0.3 


1.3 

4.9 

2.1 

0.5 

15.9 


0.5 

6.3 

-


0.1 

0.3 

0.2 


Total 

Volatiles 


_ 


-


_ 


1.9 

-

-

-

-


0.3 

0.2 

1.1 

1.8 

0.9 

-

-

-


15.0 


0.1 

-


0.3 

0.6 


15.1 

-


2.8 

5.2 


6.3 

2.8 

-

-

-

-


0.4 

0.2 

NA 


10.0 

10.2 


312.1 

70.8 


-

-

-

-
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TABLE S-1 ( C o n t ' d ) 
C N - S H  E S O I  L BORING MALYTICAL RESULTS 

CDM Sample No. 


243-SB-2(W)26 

243-SB-20-027 

243-SB-20-053 

243-SB-20-124 

24J-SB-20-137 

243-SB-20-175 

243-SB-20-126 


24S-SB-21-028 

243-SB-21-054 

243-SB-21-055 


243-SB-22-056 

243-SB-22-057 


243-SB-23-029 

24S-S&-23-058 


243-SB-24-O30 

243-SB-24-059 


243-SB-25-031 

243-SB-25-060 

243-SB-25-061 

243-SB-25-093 

243-SB-25-094 

243-SB-25-095 

243-SB-25-0% 

243-S&-25-097 

243-SB-25-098 

243-SB-25-099 

243-SB-25-100 

243-SB-25-101 

243-SB-25-161 

243-SB-25-162 

243-S&-25-163 

243-SB-25-164 

243-SB-25-165 

243-SB-25-166 

243-SB-25-167 

243-SB-25-168 

243-SB-25-169 

243-SB-25-170 

243-SB-25-171 

243-SB-25-172 

243-SB-25-173 

243-SB-25-174 

243-SB-25-175 

243-SB-25-176 

243-SB-25-177 

243-SB-25-178 


Sample 

Type, 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 


Grab 

Grab 


Grab 

Grab 


Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Location 


SB-20 

SB-20 

SB-20 

SB-20 

SB-20 

SB-20 

SB-20 


SB-21 

SB-21 

SB-21 


SB-22 

SB-22 


SB-23 

SB-23 


SB-24 

SB-24 


SB-25 

SB-25 

SB-25 

SB-25 

SB-25 

SB-25 

SB-25 

SB-25 

SB-25 

SB-25 

SB-25 

SB-25 

S&-25N 

SB-25N 

SB-25N 

SB-25N 

SB-25N 

SB-25N 

SB-25W 

SB-25W 

SB-25W 

SB-25W 

SB-25W 

SB-25W 

SB-25W 

SB-25W 

SB-25SS 

SB-25SS 

SB-25SS 

SB-25SS 


Elevation 

CoUected 


88 

88 

85 

80-78 

77-75 

75-73 

70-68 


88 

85 

85 


88 

85 


88 

85 


88 

85 


88 

85 

85 


85-83 

82.5-80.5 

80-78 


77.5-75.5 

75-73 


72.5-70.5 

70-68 


67.5-65.5 

65-63 

89-87 

85-83 

83-81 

80-78 

75-73 

87-85 


90.5-88.5 

88.5-86.5 

86.5-84.5 

86.5-84.5 

84.5-82.5 

80.5-78.5 

78.5-76.5 

76.5-74.5 

90.5-88.5 

88.5-86.5 

86.5-84.5 

86.5-84.5 


Date 

Collected 


10/24/85 

10/24/85 

10/28/85 

11/08/85 

11/11/85 

11/11/85 

11/11/85 


10/24/85 

10/28/85 

10/28/85 


10/28/85 

10/28/85 


10/24/85 

10/28/85 


10/24/85 

10/28/85 


10/24/85 

10/28/85 

10/28/85 

11/06/85 

11/06/85 

11/06/85 

11/06/85 

11/06/85 

11/06/85 

11/07/85 

11/07/85 

11/07/85 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/09/86 

01/10/86 

01/10/86 

01/10/86 

01/10/86 

01/10/86 


Total 

PCB's 


137.0 

71.1 


430.0 

29.7 

99.0 

6.0 

1.1 


318.0 

4,400.0 

6,400.0 • 


4.4 

1.7 


31.2 

130.0 


28.3 

75.0 


1,030.0 

860.0 

760.0 

640.0 


1,0«).0 

9,300.0 

370.0 

75.0 

22.0 

0.2 


460.0 

510.0 

520.0 


36,000.0 

14,700.0 


157.0 

810.0 


7,300.0 

3,800,0 

1,310.0 

1,620.0 

570.0 


10,000.0 

6,600.0 

10,000.0 


54.0 

3,030.0 

3,440.0 

2,950.0 

860.0 


Total 

Volatiles 


_ 

-


0.5 

224.7 

1.6 

11.0 

11.0 


11.7 

4.0 

2.4 


3.7 

8.5 


18.7 

9.8 


_ 


1.2 


2.3 

9.6 

8.2 

4.9 


49.6 

179.6 

3.6 

0.5 

-

-

-


3.3 

0.4 


2,665.5 

2,072.1 


1.2 

182.3 

280.2 

1.6 

0.2 

0.9 

2.1 

1.2 


675.2 

1,012.7 


0.4 

0.7 

0.3 

1.3 

2.2 
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TftBIE S-1 (Con t ' d ) 
GN-SIIE SOIL BGRDC; ANALYUCAL RESULTS 

CDM Sample No. 


243-SB-25-179 

243-SB-25-180 

243-SB-25-181 

243-SB-25-182 

243-SB-25-183 

243-SB-25-184 

243-SB-25-185 

243-SB-25-186 

243-SB-25-187 


243-S&-26-032 

243-SB-26-062 

243-SB-26-106 

243-SB-26-107 


243-SB-27-033 

243-SB-27-063 

243-SB-27-132 

243-SB-27-138 

243-SB-27-139 


243-SB-28-034 

243-SB-28-064 

243-SB-28-130 

243-SB-28-131 


243-SB-29-035 

243-SB-29-036 

243-SB-29-065 

24i-SB-29-lll 

243-SB-29-114 

243-SB-29-115 

243-SB-29-117 

243-SB-29-118 

243-SB-29-121 

243-SB-29-136 

243-SB-29-122 


243-SB-30-O37 

243-S&-30-066 

24S-SB-30-067 

243-SB-30-133 

243-SB-30-134 

243-SB-30-135 


243-SB-31-068 

243-SB-31-069 


243-SB-32-070 

243-SB-32-071 


Sample 

Type_ 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 


Grab 

Grab 


LocaticBi 


SB-25SS 

SB-25SS 

S&-25SS 

SB-25E 

SB-25E 

SB-25E 

SB-25E 

SB-25E 

SB-25E 


SB-26 

SB-26 

SB-26 

SB-26 


SB-27 

SB-27 

SB-27 

SB-27 

SB-27 


SB-28 

SB-28 

SB-28 

SB-28 


SB-29 

SB-29 

SB-29 

SB-29 

SB-29 

SB-29 

SB-29 

SB-29 

SB-29 

SB-29 

SB-29 


SB-30 

SB-30 

SB-30 

SB-30 

SB-30 

SB-30 


SB-31 

SB-31 


SB-32 

SB-32 


Elevation 

Collected 


84.5-82.5 

82.5-80.5 

80.5-78.5 

88.5-86.5 

86.5-84.5 

86.5-84.5 

84.5-82.5 

82.5-80.5 

80.5-78.5 


88 

85 

85-83 

80-78 


88 

85 


82.5-80.5 

72.5-70.5 

70-68 


88 

85 


80-78 

72.5-70 


88 

88 

85 

85-83 


82.5-80.5 

82.5-80.5 

80-78 

80-78 

75-73 


72.5-70.5 

70-67 


88 

85 

85 


82.5-80.5 

80-78 

75-73" 


88 

85 


88 

85 


Date 

Collected 


01/10/86 

01/10/86 

01/10/86 

01/10/86 

01/10/86 

01/10/86 

01/10/86 

01/10/86 

01/10/86 


10/24/85 

10/28/85 

11/07/85 

11/07/85 


10/24/85 

10/28/85 

11/11/85 

11/12/85 

11/13/85 


10/24/85 

10/28/85 

11/11/85 

11/11/85 


10/24/85 

10/24/85 

10/29/85 

11/08/85 

11/08/85 

11/08/85 

11/08/85 

11/08/85 

11/08/85 

11/08/85 

11/08/85 


10/24/85 

10/29/85 

10/29/85 

11/12/85 

11/12/85 

11/19/85 


10/29/85 

10/29/85 


10/29/85 

10/29/85 


Total 

PCB's 


1,280.0 

385.0 

540.0 

600.0 


1,090.0 

1,060.0 

700.0 

280.0 

310.0 


_ 


0.3 

18.7 

2.1 


15.5 

7.0 

-

-


6.1 


33.6 

2.9 

8.7 

-


311.0 

401.0 

94.0 

173.0 

3.9 

3.2 

1.6 

1.6 

11.0 

12.1 

7.7 


1,420.0 

1,440.0 

1,220.0 


80.5 

-


-


252.0 

1,280.0 


720.0 

24.0 


Total 

Volatiles 


1.7 

1.1 

0.6 

3.6 

3.8 

15.4 

21.8 

3.3 

8.1 


0.1 

4.9 

0.3 

-


0.2 

0.3 

24.7 


-

-


2.0 

0.1 

12.1 

NA 


9.1 

54.0 


557.0 

14.5 

0.8 

0.3 

-


0.1 

15.0 


-

23.6 


62.0 

67.1 

130.1 

11.8 

NA 


10.0 


132.6 

1,125.3 


24.9 

23.9 
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TABIE 3-1 (Cont'd) 
ON-snE son. BCRING ANALYTICAL RESULTS 

CDM Sanple No. 


243-SB-33-072 

243-SB-33-073 


243-SB-34-074 

243-S&-34-075 

243-SB-34-155 

243-SB-34-156 

243-SB-34-157 

243-SB-34-158 


243-SB-35-076 

243-SB-35-077 


243-SB-36-078 

243-SB-36-079 

243-SB-36-080 


243-SB-37-188 

243-SB-37-189 

243-SB-37-190 

243-SB-37-191 

243-SB-37-192 

243-SB-37-193 


243-SB-42-001 

243-SB^2-002 

243-SB-42-003 

243-SB-42-O04 

243-SB-42-005 

24S-SB-42-006 

243-SB-42-007 


243-SB-43-O08 

243-SB-43-009 

243-SB-43-010 

243-SB-43-011 


243-SB-44-013 

243-SB-W-014 


243-SB-45-015 


243-SB-^.6-017 

243-SB-46-019 

243-SB-46-020 

243-SB-46-021 

243-56-^.6-022 

243-SB-46-023 


Sample 

lype 


Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 


Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Grab 

Grab 

Grab 

Grab 


Grab 

Grab 


Grab 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Elevation Cbte Total Total 
Location Collected Collected PCB's Volatiles 

SB-33 88 10/29/85 0.8 _ 

S&-33 85 10/29/85 1.7 0.4 

SB-34 88 10/29/85 1.4 _ 

SB-34 85 10/29/85 1.1 0.1 
SB-34 85-83 11/15/85 - -
SB-34 77.5-75 11/15/85 - -
SB-34 67.5-65 11/15/85 0.4 -

SB-34 67.5-65 11/15/85 0.4 -

SB-35 88 10/29/85 370.0 38.1 
SB-35 85 10/29/85 340.0 29.6 

SB-36 88 10/29/85 11.0 _ 

SB-36 85 10/29/85 2.7 0.1 
SB-36 85 10/29/85 4.7 0.1 

SB-37 88.7-86.7 01/10/86 2.0 _ 

SB-37 86.7-84.7 01/10/86 3.0 -

SB-37 82.7-80.7 01/10/86 1.0 -

SB-37 78.7-76.7 01/10/86 0.6 -
SB-37 76.7-74.7 01/10/86 1.5 -
SB-37 74.7-72.7 01/10/86 .5 -

SB^2 98.5-%.5 03/03/86 5.9 _ 

SB-42 94.5-92.5 03/03/86 1.6 -
SB^2 92-90 03/03/86 1.2 -

SB-42 89.5-87.5 03/03/86 .5 -
SB^2 87-85 03/03/86 - -

SB-42 82-80 03/03/86 - -
SB-42 79.5-78.4 03/03/86 - -

S&-43 99.8-97.8 03/03/86 6.6 0.1 
SB-43 97.8-95.8 03/03/86 1.0 -

S&^3 95.8-93.8 03/03/86 - -
SB-43 88.3-87.7 03/04/86 - -

SB-44 98.2-%.2 03/04/86 0.3 __ 

SB-W 91.7-90.7 03/04/86 - -

SB-45 99-97.5 03/04/86 0.3 -

SB-46 93.2-91.2 03/05/86 7.3 0.2 
SB-46 89.2-87.2 03/05/86 0.4 0.3 
SB-46 89.2-87.2 03/05/86 0.3 0.7 
SB-46 83.7-81.7 03/05/86 - 0.2 
S & - ^ 79.2-77.2 03/05/86 _ 0.1 
SB-^ 76.7-75.8 03/05/86 0.6 _ 
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TABIE 3-1 (Cont'd) 

CN-STTE SOIL BCRING ANALYTICAL RESULTS 


Sample Elevation tete Total Total 
CDM Sample No. IVpe Location CoUected Collected PCB's Volatiles 

243-SB-47-024 Grab SB^7 93.5-91.5 03/05/86 86.0 _ 

243-SB-47-025 Grab SB-47 91-89 03/05/86 28.0 -
243-SB-47-026 Grab SB-47 91-89 03/05/86 12.1 -
243-SB-47-027 Grab SB^7 88.5-86.5 03/05/86 0.6 -
243-SB-47-028 Grab SB-47 86-84 03/05/86 0.6 _ 

243-SB-47-029 Grab S&-47 78.5-76.5 03/05/86 - -

243-SB-^i8-031 Grab SB-48 95.1-93.1 03/05/86 0.7 _ 

243-SB-^8-032 Grab SB-48 92.1-90.1 03/05/86 0.6 -
243-SB-48-033 Grab SB-48 92.1-90.1 03/05/86 0.7 -
243-SB-48-036 Grab SB-48 79.6-77.6 03/06/86 0.1 -
243-SB^48-037 Grab SB^W 74.6-72.6 03/06/86 0.6 -

243-SB-49-039 Grab SB-49 100.6-98.6 03/06/86 157.0 _ 

24S-SB-49-0W Grab S&-49 98.6-%.6 03/06/86 1.4 -

243-SB-50-O41 Grab SB-50 99-97 03/06/86 1.6 -

243-SB-52-042 Grab SB-52 94.8-92.8 03/06/86 97.0 _ 

243-SB-52-043 Grab SB-52 89.8-87.8 03/06/86 3.9 -
243-SB-52-044 Grab SB-52 87.3-85.3 03/06/86 0.6 0.4 
243-SB-52-045 Grab SB-52 82.3-80.3 03/06/86 0.4 0.1 
243-SB-52-046 Grab SB-52 72.3-70.3 03/06/86 - -

243-SB-53-047 Grab SB-53 92-90 03/06/86 2.8 _ 

243-SB-53-048 Grab SB-53 92-90 03/06/86 2.6 -
243-SB-53-049 Grab SB-53 87.5-85.5 03/06/86 - -
243-SB-53-050 Grab S&-53 85-83 03/06/86 - -
243-SB-53-051 Grab SB-53 82.5-80.5 03/06/86 - 0.4 
243-SB-53-053 Grab SB-53 70-69.2 03/07/86 - 1.2 

24S-SB-54-055 Grab SB-54 95-93 03/07/86 _ _ 

243-SB-54-056 Grab S&-54 93-91 03/07/86 - 0.2 
243-SB-54-057 Grab SB-54 91-89 03/07/86 - -
243-SB-54-058 Grab SB-54 87-85 03/07/86 - -
243-SB-54-059 Grab SB-54 87-85 03/07/86 _ -

243-SB-54-060 Grab SB-54 85-83 03/07/86 - -

243-SB-901-159 Grab SB-901 0.5' Depth 11/15/85 670 _ 

243-SB-902-160 Grab SB-902 0.5' Depth 11/15/85 - 49 

- - No Contaminants Found 

NA - Not Analyzed 


Total PCB's and Total Volatiles are expressed in parts per million (ppm). 


NOTE: The first two depths at each locaticai were obtained with a hand auger 

and represent soil from an interval .25' above the listed elevatirai to 

.25' below. Deeper borings were obtained using a drill rig and the 

elevatirai is indicated. 
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Total Volatile Organics 


As presented in Table 3-1, soil samples collected during the boring program 


were analyzed for total volatile organics (TVO). The analyses show that, 


depending on depth and the location of the sample, the contamination ranged 


from lows of 1-100 ppb to highs of 10-1,000 ppm. For presentation purposes, 


levels greater than 50 ppm and greater than 10 ppm of TVO in soil were 


selected as concentrations that would represent areas of contamination. 


Figure 3-3 and 3-4 Illustrate these data by delineating areas of significant 


contamination at various depths. These areas are not intended to represent 


the limits of contamination, but the location of possible source areas. 


There is a total of approximately 31,000 cubic yards of soils contaminated 


with TVO greater than 10 ppm, 20,000 of that being saturated and 11,000 being 


unsaturated, assuming a groundwater elevation of 88 feet. The areal extent 


of contamination would have been influenced by previous onsite excavation 


activities and rainfall infiltration, therefore the source areas would 


contribute to groundwater contamination as presented in Section 4.0. 


PCB 


Data representing the extent of PCB contamination greater than 50 ppm and 


greater than 10 ppm are presented on Figures 3-5 and 3-6. The data 


represent a similar pattern to that shown on Figures 3-3 and 3-4 for the 


total volatile organic compounds, indicating several distinct source areas. 


The figures show that, in relative terms, the PCB contamination is located in 


the same source areas as the TVO contamination and is generally more wide 


spread than the TVO contamination. Approximately 53,000 cubic yards (cy) of 


soil is contaminated with PCBs greater than 10 ppm, 31,000 cy being saturated 


and 22,000 being unsaturated. 


As presented earlier, the TVO contamination was limited in its areal extent 


of contamination. PCBs are relatively insoluble in water and adsorb readily 


to soil particles. However, due to the high TVO contamination found in 


on-site soils and observation wells, the PCB solubility and therefore the 


mobility may be enhanced (U.S. EPA, 1980) explaining the PCB contamination 


found in observation well 0W-SB-25S and the F cluster which is discussed 


further in Section 4.4.4. 
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Data Summary 


Analysis of the soil boring program on the ReSolve Site indicated the 


existance of four distinctive source areas or hot spots where significant 


levels of soil contamination were found. These areas were similar for both 


the total volatile organics and PCBs as illustrated on Figures 3-3 through 


3-6. These areas are Identified as follows: 


• Former Lagoon Area • Cooling Pond Area 


• Oil Spreading Area • Smaller Localized Areas 


A primary area of concern is located in the northwest quadrant surrounding 


observation well SB-25. A review of the past site history at this location 


reveal this area was the site of the waste oil spreading operation. 


The soil boring results (listed in Appendix A and Table 3-1) indicate high 


levels of total volatile organic contamination (2,666 ppm in SB-25N). In 


addition, PCB levels in the 500 ppm range penetrating through the overburden 


down twenty feet to bedrock were found in SB-25N. It is unusual for PCB com­


pounds to be highly mobile due to low solubility of the PCB constituent in 


water. 


The migration of PCB compounds in groundwater at the ReSolve Site is drama­


tically increased due to the presence of various organic solvents such as 


hexane, carbon tetrachloride, benzene, methylene chloride and acetone. PCB 


compounds form complexes and dissolve in these compounds which increases the 


mobility of PCB in groundwater. Carbon tetrachloride and methylene chloride 


have greater specific gravities than water. PCBs dissolved in these 


compounds could migrate downward in the aquifer. In addition, long term 


surface loading of waste oils at a high rate caused extensive mounding of 


these contaminants and subsequent downward migration to lower sections of 


the overburden aquifer. 


The second locality of high soil contamination is the former site of the 


waste lagoons situated in the northern section of the site. An analysis of 
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the soil borings at the SB-30S location shows high levels of the following 


volatile organics: 


• Methylene Chloride • 4-Methyl 2-Pentanone 

• 2-Butanone (MEK) • Tetrachloroethene 

• Trans-1,2-Dlchloroethene • Toluene 

• Trichloroethene 


The concentration and depths of penetration of these contaminants demonstra­


tes that this area is also a substantial source of groundwater contamination. 


The third area of concern is the location northwest of the F well cluster and 


south of observation well SB-27D, which is the location of the former cooling 


pond. The numerous soil borings at this locale show significant concentra­


tions of various organics, particularly acetone and 2-butanone (MEK). 


The fourth region of high soil contamination is situated west of observa­


tion well SB-04 at soil boring SB-02. The soil boring data exhibit high 


levels of acetone, methylene chloride, 2-butanone (MEK), trichloroethene, 


4-methyl-2-pentanone, and tetrachloroethene. 


The four contaminated soil areas mentioned are significantly Impacting the 


quality of downgradient groundwater. The contaminants found in the ground­


water in downgradient wells, such as the "F" cluster (shown on Figure 4-1 


in Section 4.0), are of similar chemical composition and relative concen­


trations as contaminants adhered to soils in upgradient soil borings. 


When analyzing the relationship between soil and groundwater contamination 


many factors must be taken into account. For example, microbiological 


activity can transform the chemical composition of the leachate derived from 


the soil. According to Parson et̂  al. (1984) tetrachloroethene and trichlo­


roethene can be biodegraded to trans-1,2-dichloroethene in the subsoil 


environment. The chemical and physical reactions between contaminants must 


also be considered. The water solubility of PCB being augmented by high 


volatile organic levels at depth at OW-SB-25S illustrates this. 
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In the low drainage areas on the pipeline right-of-way, the samples SB-901 


and SB-902 were collected from the top 0.5 foot depth of surface soil. This 


confirms the presence of contamination in this seasonally inundated off-site 


area. 
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4.0 HYDROGEOLOGIC INVESTIGATION 


4.1 INTRODUCTION 


Two previous studies have been performed by Camp Dresser & McKee at this 


site as described in Section 1.0. The first investigation was a 


on-site RI/FS which was completed on June 30, 1983, and the second was the 


off-site investigation completed in February of 1985. 


4.1.1 REGIONAL GEOLOGY 


The dominant topographic feature of the study area is the Copicut River 


Valley. This valley was formed by glacial action which scoured and eroded 


the underlying bedrock. With retreat of the glacier, ablation till was 


deposited on the bedrock surface in an irregular manner causing variable 


till thickness. Meltwaters from the somewhat stagnant and down-wasting 


glacier flowed down the valley depositing outwash sands and gravels on the 


till. The outwash is in the form of a valley train which, simply stated, 


is an outwash deposit in the Copicut River Valley. Associated with the 


valley train are small, local ice contact kames such as in the vicinity of 


alluvium and organic materials where wetlands and swamps have formed. 


During installation of monitoring wells sand, silt and gravel was 


encountered overlying the glacial till and/or bedrock. At some locations 


the stratified drift deposit is coarse grained, indicating the high 


carrying power of the meltwater streams. Cobbles and boulders were found 


in the outwash deposits generally in the lower strata and at the easterly 


part of the site. 


The sand and gravel including the sand and silt stratum, are interpreted as 


being ice contact materials. Hydraulic conductivity in the outwash is 


relatively high. With sufficient hydraulic gradients, this sand and gravel 


formation is capable of relatively high rates of groundwater and 


contaminant transport. 


Bedrock over the study area consists of granite to granite gneiss. These 


intrusive rocks are part of the Fall River Pluton and are locally known as 
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the Bulgarmarsh granite. Across the study area bedrock exhibits a wide 


range of the extent of fracturing, and the corresponding water yield from 


bedrock observation wells range from low to relatively high at different 


locations in the formation. 


4.1.2 HISTORICAL CONTAMINANT LEVELS AND MOVEMENT 


Historically groundwater movement in the general area of the site has been 


towards the Copicut River as indicated by 1983 and 1985 reports by Camp, 


Dresser & McKee as referenced previously. East of the site, the unnamed 


tributary and the Copicut River intercept a major portion of the 


groundwater flow that passes through or originates on the site. The 


sampling results in 1984 showed increased levels of volatile organics in 


seven of the eleven monitoring wells over the 1983 levels. One well showed 


little change and lowered levels were reported for three wells. Observing 


the same eleven observation wells in 1985, eight indicated decreases in 


concentration, one increased, and two showed little change from 1984 


levels. Historical groundwater contaminant plume migration is discussed in 


Section 4.4.4 and presented in Table 4-6. These high contaminant levels in 


observation wells indicate the persistence of high contaminant 


concentrations in the groundwater, and to a limited extent the dispersion 


and dilution processes occurring in the highly contaminated aquifer in the 


near vicinity of the site. 


4.2 FIELD INVESTIGATION 


4.2.1 OBJECTIVES AND SCOPE 


A hydrogeologic investigation was conducted to determine the present and 


potential future extent of groundwater contamination and to evaluate site 


conditions relative to the implementation of specific remedial 


alternatives. The program was developed based on the results of previous 


hydrogeologic studies conducted at the site and other existing data. Data 


collected during the survey included groundwater and surface water 
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I r^ \ 

A - /- — J0W-SB-09S 	 v'  ' • 
>J 

(ii( 	 • r ' ( ' l l "N 

{ 	 "N 

I 	
A "̂: 

M i l	 / ?C i » / \ ^ ^ ^ V •WELLO^ X S^. 

J » 4 - oi 1 
L M - S 

I 
^ ^ V-/ "-^r^^^ ^"*-<:^*# / J ^ ^ / ^  ^ ^ A>,' 

^ P £ L I ^ O # / I 
^ • E L L OE,' /-^	 ' k - V # " W E L L L ' ^ ^ S E L L O C , ' / A 

A ^	 V ^ , ^ ^ W E ^ L k . . / ^ ^ ^ •  ̂  ^ /  . A ^ 

y	 <I A . /V 
a. 	 ^ • E L l y ' ON 

^ W ^ l f t . OS A . ^ - - A 

^ W 5 S 

^ « E L L PN 
^ • E L L »»S 

1^@ 

. " ^ O W - I O M/ 


y^O«f- lOS 


A  / i  J . 

^ BEDROCK WELL LOCATION 

^ OVEWunPCN NELL LOCATION 

^ PCZOMETER LOCATION t METALLED AUG. M ) 

NOTESt 

L OV-IO «ELL CLUSTER MSTALLED MARCH BS 
REMAiBBNO OW-SEIOES MSTALLED »«>V>a>EC 8& 

* . « - «  • WELL LOCATIOM MSTAUJU) 
FEBylMACH 84 

S.	 «ELL A - S MSTALLED NOV/DEC 9Z AND 
JAN U 

^ « E L L  S « 
^ ^ W E L L SE 

W  i C HAZ< •ASTE STTK 

FIGURE A-\ 

OBSERVATION WELL LOCATIONS 

SHEET NO. 
Mt^WTCM 

AS SIWH 

5 



NOTE: Refer to Figure 4 - 1 for 
Loca t i on of other Observa t ion Wel ls 

FIGURE 4-2 
^ SCALE: 

LOCATION OF OBSERVATION WELLS 
^ 0' 250' 500' 750' 1000' OW-9,10,11 - ^ 0 



TABLE 4 - 1 


(BSEBVAnCN WEIL n G T A I M U C N INFCBHAXICN 


-f̂  

U l 

Top of Tq) of 
Overburdai Ground Depth of Dppth Screen Bedrock Ground Depth of Depth Screai Bpdrock 
Monitoring Elevation Well of Well Elevation Monitoring Elevation Well of Well Elevation Surface 

Well ( f t ) ( f t ) Screen (f t ) WeU (ft) ( f t ) Screen (f t) ( f t ) Remark 
• 

A 98.6 21 16-21 82.6 1.5" PVC 
B Caiter — — — — REMOVED 1984 

B West — — — — — REMOVED 1984 
B Frist — — — — REMOVED 1984 
C West 92.1 12 7-12 85.1 1.5" PVC 

C Fast 92.1 27 22-27 70.1 24 1.5" PVC 
D East 89.8 15 10-15 79.8 1.5" PVC 
D West 89.4 4.5 2 . 5 ^ . 5 86.9 1.5" PVC 
E North 90.5 10 5-10 85.5 1.5" PVC 

E South 90.5 26 24-26 66.5 21 1.5" PVC 
F Fast 94.6 18 n -18 81.6 1.5" PVC 

F Caiter 94.6 39 37-39 57.5 34.5 1.5" PVC 
F West 94.5 12 7-12 87.5 1.5" PVC 
G 90.3 11 6-11 84.3 1.5" PVC 
H North 95.2 23.5 18.5-23.5 76.7 1.5" PVC 
H Sou± 95.2 10 5-10 90.2 1.5" PVC 
I South 95.2 17 12-17 80.2 1.5" PVC 

I North 92.2 31.5 29.5-31.5 52.7 27.5 1.5" PVC 
J North 86.2 7 5-7 81.2 1.5" PVC 

J South 86.2 18 13-18 73.2 12 1.5" PVC 
K North 92.6 18 13.8 79.6 1.5" PVC 
K South 93 8.5 3.5-8.5 89.5 1.5" PVC 
L 87.8 15 10-15 77.8 1.5" PVC 
M — — — — — REMOVED 1984 
N South 90 10 5-10 85 1.5" PVC 

N North 90.43 31 29-31 61.4 1.5" PVC 
0 North 88 7 2-7 86 1.5" PVC 

0 South 88.8 15 lS-15 75 11 1.5" PVC 
P North 87.2 15 10-15 77.2 1.5" PVC 

P South 89.2 25 23-25 66.2 21.5 1.5" PVC 
Q West 85.6 15 10-15 75.6 1.5" PVC 

Q Frist 85.6 28.5 23.5-28.5 61.2 24 1.5" PVC 
R 91 17 12-17 79 1.5" PVC 
SWest 89.5 14 9-14 80.5 1.5" PVC 

S East 89.5 23.5 21.5-23.5 68.0 19.5 1.5" FVC 
Wl 100.5 21.3 11.^21.3 98.2 2" PVC 
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T m  E 4 - 1 (Cont 'd) 


(SSRVAEKN UEIL INSEALLffEECN INFCEOttflliGN 


Overburden 

Monitoring 


Well 


W2 
W3S 

W4-S 

W5-S 

W6-S 

0W-7S 
0W-8S 
0W-9S 

cn 

OWO-IOS 

CW-llS 

OW-SB f̂S 
0W-SB-9S 
OW-SB-34S 
0W-SB-25S 

0W-SB-30S 

PZ-1 
PZ^2 
PZ-3 

Ground 
Elevation 

( f t ) 

101.4 
86 

86.8 

85.5 

87.5 

89.2 
89 
91.3 

89.1 

89.6 

89.1 
91.1 
91.1 
93 

91.1 

88.3 
87.3 
86.8 

D^th of 
Well 
( f t ) 

17.6 
18 

20 

17.2 

13 

12 
11.5 
16.5 

21 

9 

15 
22 
25 

27.5 

19.6 

6.5 
6.5 
6.5 

Depth 
of Well 
Screen 

7.6-17.6 
8-18 

10-20 

7.2-17.2 

8-13 

7-12 
6.5-11.5 
6.5-16.5 

11-21 

4-9 

5-15 
12-22 
15-25 

17.5-27.5 

9.6-19.6 

3.5-6.5 
3.5-6.5 
3.5-6.5 

Top of 
Screen 

Elevation 
(f t) 

93.8 
78 

76.6 

78.3 

79.5 

92.2 
82.5 
84.5 

78.1 

85.6 

84.1 
79.1 
76.1 
75.5 

81.5 

84.8 
83.8 
83.3 

Bedrock 

Monitoririg 


Well 


W3-D 

W4-D 

W5-0 

W6-D 

CU-^ 

0W-«) 

OW-IOM 

OW-ICD 

OW-llM 

OW-llD 

CW-SB-25D 

OW-S&-27D 

(Jround 
Elevation 

(f t) 

86 

86.8 

85.5 

87.5 

91.2 

91.2 

94.6 

95.5 

90.2 

90.2 

93 

89.1 

Depth of 
Well 
( f t ) 

43 

49 

47 

35 

556 

1??. 

63.5 

143 

53 


302 


38 

28 

Depth 
of Well 
Screen 

33-43 

39^9 

37-47 

25-35 

24-55 

6&-1?? 

28^3.5 

60-143 

20=53 

58.3-202 

31-36 

23-28 

Top of 
Screen 

Elevation 
(f t) 

53 

47.8 

48.5 

62.5 

67.2 

33.2 

66.6 

35.5 

70.2 

31.9 

62 

66.1 

Bedrock 
Surface 

(f t ) 

23 

22 

15 

17 

18.5 

23 

23 

13 

13 

28 

21 

Panark 

2" PVC 
2" PVC 
2" PVC 
2" PVC 
2" PVC 

2" PVC 
2" PVC 
2" PVC 
1.5" PVC 
1.5" PVC 
1.5" PVC 
6" OPEN 
B(MH)1£ 

6" OPEN 
BCBEHOLE 

2" PVC 
6" OPEN 

B(»EH01£ 
6" OPEN 

BCREHOLE 
2" PVC 
6" OPEN 

B(»EHOLE 
6" OPEN 

B(»EH01£ 
1.5" PVC 
1.5" PVC 
1.5" PVC 
1.5" PVC 
1.5" PVC 
1.5" PVC 
1.5" PVC 
1.25" S"i™, 
1.25" SIEKL 
1.25" SIVFL 



TABIZ4-2A 


CBsssfunm VEIL CBCXHJW^ HEVAUCNS 

(NEBOKSH VELLS 

Veil Refezenoe Fodnt 11/18/85 to 
Location TOC FVC U/26/85 ILTfi/ffi 12/13/85 12/23/85 4/15/86 4/16/86 7A6/86 8/1/84 8/4/86 

A 100.16 91.40 91.35 90.43 90.38 90.31 
CW 93.04 87.36 — 87.26 86.17 87.44 87.55 87.74 87.39 
DE 90.55 90.26 87.05 87.10 87.10 87.01 86.26 — 87.93 
DW 90.17 — 86.02 85.99 85.98 85.87 86.70 86.67 86.62 86.57 
EN 90.93 — — 86.19 86.17 86.03 — 86.08 85.93 
FE 95.43 95.41 89.04 85.95 85.91 85.70 86.48 86.41 85.23 
FV 96.03 95.97 87.33 87.24 87.23 87.03 86.38 86.18 85.03 
G 90.64 — 86.32 86.31 86.29 86.13 86.17 86.08 85.89 
HN %.69 — 90.18 89.79 89.54 88.66 88.69 — 89.19 
HS %.81 — 88.99 89.48 88.90 88.34 88.36 88.41 

4^ IS 92.64 — 86.94 86.93 86.98 86.59 86.59 — 86.57 
1 

-vl 
JN 
KN 

88.06 
94.18 

— 
— 

— 
89.89 

85.66 
— 

85.65 
89.55 

85.55 
89.00 

85.56 
88.98 

85.56 
— 

85.68 
89.18 

KS 94.11 — 89.87 — 89.58 88.45 88.91 89.13 
L 89.94 89.98 86.37 86.51 86.46 86.27 86.19 — 86.20 
tW 90.43 90.40 89.14 89.09 88.99 88.6 88.58 88.56 
NS 90.55 — 89.41 89.30 89.85 89.06 89.00 — 88.91 
ON 89.59 — 87.22 87.29 87.25 86.95 — 86.79 86.72 
FN 87.68 — 84.85 84.83 84.81 84.78 — 84.83 84.% 
Qtf 86.41 — 85.44 85.40 85.39 85.36 — 85.41 84.% 
R 95.24 — — 93.54 93.61 93.46 93.40 93.41 
SW 89.63 — 85.37 85.36 85.32 85.16 — 85.23 84.93 
W-1 — 102.68 89.84 90.55 90.33 89.65 89.53 — — 89.75 
W-2 — 103.41 91.36 90.54 90.32 89.65 89.61 89.76 
W-3S — 88.18 — 85.20 85.23 85.19 — 85.28 85.00 84.88 
W-^ — 88.71 — 85.09 85.10 85.07 — 85.11 — 84.75 
W-^ — 88.71 — 85.61 85.61 85.53 — 85.60 — 85.36 
W-5S — 87.65 — 84.99 84.99 84.% — 84.95 — 84.60 
W-6S — 89.70 — 86.29 86.29 86.21 — 86.32 — 85.70 



TABIE 4-2A (OCNT'D) 

GBSESVACECN VOL d O H J O / a  m OEVAIECie 
(SEBOSaWVEllS 

Ve \  l Befecoice Fbdnt 11/18/85 t  o 
l o c a t i o  n TOC PW U / 2 6 / 8  5 11/26/85 12/13/85 12/23/85 4/15/86 4/16/86 7/16/86 8/1/84 8/4/86 

0W-SB-4S 91.57 87.47 87.42 87.02 87.82 87.02 86.77 
0W-SB-9S — 93.45 — 89.40 89.71 89.06 89.05 — — 89.18 
CW-SB-25S — 94.10 — — 89.85 89.34 89.30 89.30 — 89.55 89.07 
0W-SB-30S — 93.84 — 88.80 88.70 88.28 — — — 88.54 88.09 
CW-SB-3« — 93.47 — 87.20 87.11 86.80 87.63 — — 86.78 86.55 
OW-7 92.71 92.66 — — 88.65 88.32 — — — 88.49 
OW-8 90.55 90.55 — — 89.31 89.07 — — — 89.10 
GW-9S 94.19 — — — — 85.55 85.99 — — 84.69 
OW-IOS 90.99 89.99 — — — 88.97 — 88.29 — 88.75 
CW-llS 92.50 — — — — — — — 86.08 86.70 

4:* 

0  0 
PZ-1 88.31 86.76 
PZ-2 87.30 85.80 
PZ-3 86.77 85.52 



l^BLE 4-2B 

CBSBRVAEECN VOL O O m ^ I X  R H^AEEOG 
mXOOiVEllS 

Veil Sefeanae Point 11/18/85 to 
location TOC VfC 11/26/85 U/26/85 12/13/85 12/23/85 4/15/86 4A6/86 7^6/86 8/1/84 8/4/86 

CE 93.40 88.37 88.27 87.90 87.35 87.34 87.40 87.10 
ES 90.73 — — 85.84 85.84 85.76 — 85.80 85.68 
PC %.08 %.0B 86.94 86.88 86.83 86.57 86.68 — 86.61 86.34 
IN 92.66 — 87.06 87.08 86.87 86.73 86.74 — 86.73 
JS 87 .% 88.00 — 85.86 85.86 85.73 85.75 85.75 85.60 
NN 90.43 90.40 89.14 89.09 88.99 88.6 88.58 — 88.56 
OS 89.85 — 87.31 87.39 87.33 97.03 — 86.85 87.00 
PS 87.81 — 85.22 85.16 85.16 85.13 — 85.18 85.22 
QE 86.28 86.31 85.20 85.12 85.13 85.09 — 85.16 85.00 

4ii SE 89.65 89.63 85.39 85.40 85.35 85.20 — 85.25 84.95 
I 

W-3D — 88.43 — 85.78 85.80 85.72 — 85.78 — 85.56 85.43 
W-4D — 88.71 — 85.61 85.61 85.53 — 85.60 — 85.36 
W-5D — 87.42 — 85.43 85.89 85.37 — 85.42 — 85.15 
W-6D — 89.63 — 87.21 87.19 87.07 — 87.13 — 86.93 

OW-SB-25D _ 95.55 _ _ 89.85 89.33 89.30 89.29 ^_ 89.97 
OW-SB-27D — 91.65 — — 88.63 — 88.30 — — 88.25 88.05 
0W-9M 93.42 — — — — — 85.59 — — 84.77 
CM-9D 93.37 — — — 85.54 — — 84.67 
OW-IOM %.48 — — — — — 86.70 86.48 
OW-IOD 97.62 — — — — — — 93.14 — 93.13 
OW-llM 92.15 — — — — — — 86.35 
OW-llD 92.16 — — — — — 86.51 86.36 



elevations, local hydraulic gradients, the mobility of pollutants 


considered, the soils attenuation capacity, identification of discharge/ 


recharge areas, regional groundwater flow characteristics, and water 


quantity and quality. 


The sampling program was developed to determine the horizontal and vertical 


distribution of contaminants and predict the long-term disposition of 


contaminants. 


4.2.2 MONITORING WELL INSTALLATION AND SAMPLING 


Based on existing data from previous hydrogeologic studies, an on-site soil 


borehole investigation program was developed and carried out. Piezometer/ 


monitoring wells installed under this program were primarily constructed 


through the drive and wash method. This method utilizes a 3 inch casing to 


advance the borehole which is then completed with 1.5 inch 0.010 slot well 


screens. Monitoring wells of this type were installed at five locations: 


OW-SB-04S, 09S, 34S, 25S and 30S as seen on Figure 4-1. A full size 2' x 


3' plan sheet of Figure 4-1 is enclosed in the attached map pocket. 


Groundwater monitoring data at these locations in the overburden aquifer, 


together with the previously installed monitoring wells, provide 


information on groundwater elevations, aquifer hydraulic conductivity and 


water quality in the on-site source areas. The aquifer is composed 


primarily of sand and gravel with some silt to a depth of 20-25 feet. 


Observation well installation information and groundwater elevations are 


listed in Tables 4-1 and 4-2. Location of off-site monitoring well 


locations OW-9, 10, and 11 are shown in Figure 4-2. Observation well 


borehole logs are included in Appendix B. 


Two bedrock monitoring wells (0W-SB-25D and 27D) were installed at 


locations which corresponded to on-site source areas. Their depths of 


penetration into the bedrock at these locations were 10 and 8 feet, 


respectively. The purpose of these wells was to determine the composition, 


consistency and hydraulic conductivity of the shallow bedrock zone at these 


locations and provide information on groundwater elevations and water 


quality. In addition, the alignment of bedrock wells 0W-SB-25D, OW-SB-27D, 
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CE, V-6D and FC provide an opportunity to obtain bedrock observation well 

monitoring information relative to source areas, contaminant plume 


migration and surface water receptors. 


Two overburden monitoring wells, 0W-7S and 0W-8S, were installed in the 


wetland to the north of the site to depths of 11 and 9 feet, respectively. 


These wells were placed to provide information on the subsurface geology, 


groundwater interaction with the surface water in the wetland, and water 


quality characteristics in the wetland. 


Off-site cluster monitoring wells (OW-9, 10, 11) were installed to 


determine the extent of contaminants in the overburden and bedrock aquifers 


east of the Copicut River and in the vicinity of Cornell Pond. In previous 


sampling events, monitoring wells W-6D, ES, W-4S and W-4D east of the 


Copicut showed that contamination was present in both the overburden and 


bedrock aquifers at those locations. Contamination east of the Copicut was 


located primarily in the bedrock. Shallow and deep bedrock monitoring 


wells OW-IOS, M, D were located approximately 450 east of well W-6D to 


confirm that contaminants had not migrated and to provide information in 


both the overburden and bedrock aquifers. These wells also provided 


information on vertical gradients and bedrock composition and consistency. 


At two locations (Figure 4-2), monitoring wells (OW-9 and OW-11) were 


installed in the overburden, shallow and deep bedrock zones. The shallow 


overburden wells were installed directly above bedrock. The shallow 


bedrock wells were installed at an approximate 50 foot depth into the upper 


bedrock zone. At each of the two cluster well locations, deep bedrock 


monitoring wells were Installed to a depth of 122 ft at OW-9 and 302 ft at 


OW-11 to determine possible contaminant presence in the water-bearing 


fractures in the deep zones. The deep monitoring wells provide information 


on the composition and consistency of the bedrock. The OW-9 and OW-11 


locations were selected to confirm that contaminants had not migrated to 


these areas. An added reason for the installation of these cluster wells 


was to provide water level data which allows for an insight into horizontal 


and vertical gradients of the groundwater in the overburden and bedrock 


aquifers. This information is useful, together with previously collected 
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data, in making judgements about potential contaminant movement in areas 


where contaminants are present. 


4.3 SITE HYDROGEOLOGY 


4.3.1 INTRODUCTION 


The results and conclusions of past hydrogeologic investigations were used 


as baseline data to which additional information was added as a result of 


the work described in this report. Section 3 of the February 1985 RI 


report presented a discussion of hydrogeologic investigations performed to 


that date. This information is briefly summarized in this section. For 


greater detail and specific data, refer to the February 1985 RI report. 


Bedrock in the area of the site is predominately a pink granite or a 


granite gneiss. Cores taken from 15 ft to 25 ft into the bedrock appeared 


sound at some locations but were highly fractured at others. Wells 


completed in rock were pumpable but generally at low rates. The rates 


obtained, although somewhat Inconslstant due to the loss of drilling water 


during drilling, were verified by slug tests. Transmissivities in the 

2 


bedrock generally ranged from 9 to 14 ft /day. The transmissivity of one 


bedrock well (W6-D) did prove to be much greater with a recorded value of 


100 ft^/day. 


The overburden at the site consists of rather permeable sands and gravels 


ranging in thickness from less than 10 ft to about 28 ft at one location. 


Generally, but with some exceptions, a till layer is found in contact with 


the bedrock and below the surficial sands and gravels. The thickness of 


the till layer over the study area is variable ranging from 0 to over 25 


ft. 


Numerous large boulders, up to 5 ft in diameter are present in the 


overburden at the site. These are primarily found in the till layer, but 


they are also present in the overlying permeable sands and gravels. Of 


eight cross-sections presented in the February 1985 report, one or more 
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boulders are shown in five sections. Monitoring wells installed in the 


upper sands and gravels were capable of being pumped at some locations at 


rates of up to 10 to 14 gallons per minute (gpm). Slug test data shows 

2 


transmissivities ranging from 100 to 176 ft /day. Recent pump test data 


indicate that transmissivities in the overburden may range be greater than 


400 ftVday. 


4.3.2 GROUNDWATER MOVEMENT 


Groundwater flow is from the site area (east of North Hixville Road) to the 


east and southeast towards the Copicut River and the unnamed tributary. 


Groundwater contours are presented in Figures 4-3 and 4-4 for November 1985 


and July 1986, respectively. Groundwater elevation data and surface 


topography indicate that the unnamed tributary and the Copicut River are 


the discharge points for the overburden aquifer. 


Table 4-3 indicates that the vertical gradients between the bedrock and 


overburden material are upward from the bedrock to the overburden aquifer 


in almost all of the well clusters installed at or adjacent to the site. 


Table 4-3 includes a winter monitoring (December, 1985), a spring 


monitoring (April, 1986) and a summer monitoring (July, 1986). During 


these monitoring periods the only well cluster to show a downward gradient 


for all three seasons was the one at location E, east of the Copicut River. 


Of the sixteen locations only three recorded a downward gradient in April. 


In July four wells were also recorded with downward gradients, but with the 


exception of the E location, these were not the same wells identified with 


downward gradients in April. In addition, two of these wells were new 


monitoring well clusters either upgradient or over 1600 ft from the site. 


The most distant off-site bedrock monitoring well clusters (0W-9S, M, D and 


OW-llS, M, D) did not exhibit significant vertical gradients. A 


significant vertical gradient was found, however, from the shallow OW-IOS 


overburden well to the shallow bedrock OW-IOM observation well. This 


condition indicates that a hydraulic conductive zone exists to transport 


groundwater within the shallow bedrock zone to downgradient receptors. 
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TABLE 4 - 3 

ySRTKXL GBtOIWF INFCRMIIGN 


C west 

C east 


E north 

E south 


F past 

F west 


I south 

I north 


J north 

J south 


0 north 

0 south 


P north 

P south 


Q west 

Q east 


S west 

S east 


W3S 

W3D 


W5S 

W5D 


W6S 

W6D 


0W9S 

0W9D 


OWIOS 

CWIOD 


owns 

OWllD 


OWSR75S 

0WSB25D 


12/13/85 


87.26 

88.27 

0.01 

87.17 

85.84 

0.33 

85.91 

87.23 

1.32 


86.87 

86.98 

0.11 

85.65 

85.86 

0.21 

87.25 

87.33 

0.06 

84.81 

85.16 

0.35 

85.39 

85.13 

0.26 

85.32 

85.35 

0.03 

85.23 

85.80 

0.57 

84.99 

85.89 

0.90 

86.29 

87.19 

0.90 


— 


— 


— 


89.85 

89.85 


Vertical Vertical Vertical Change 
Gradieit 4/15-16/86 Gradient 7/16/86 Gradient from 4/86 

87.35 87.74 
87.44 87.40 

up 0.09 up 0.34 down* -0.43 
86.06 85.93 
85.80 85.68 

down 0.28 down 0.25 down 40.03 
86.48 86.41 
86.38 86.18 

down 0.10 up* 0.21 up* +.11 
86.59 86.57 
86.74 86.73 

up 0.15 up 0.16 up +0.01 
85.56 85.68 
85.75 85.60 

up 0.19 up 0.08 down* -0.27 
86.79 86.72 
86.85 87.00 

up 0.06 up 0.28 up +0.22 
84.83 8 4 . % 
85.18 85.22 

up 0.35 up 0.26 up -0.09 
85.41 8 4 . % 
85.16 85.00 

down 0.25 down 0.04 up* 40.29 
85.23 84.93 
85.25 84.95 

up 0.02 up 0.02 up 0.00 
85.28 85.00 
85.78 85.56 

up 0.50 up 0.56 up 40.06 
84.95 84.60 
85.42 85.15 

up 0.47 up 0.55 up 40.06 
86.32 85.70 
89.13 86.93 

up 0.81 up 1.23 up 40.42 
85.99 84.69 
85.54 84.67 
0.45 down 0.02 down 40.43 

88.29 88.75 
93.14 93.13 
4.85 up 4.38 up -0.47 
86.08 86.70 
86.51 86.36 
0.43 up 0.34 down* -0.77 
89.30 89.55 
89.30 89.97 

none none 0.42 up +0.42 

*change from previous recorded gradient direction 
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The groundwater flow through a cross sectional area can be expressed by 


Darcy's equation: 


Q = KIA. 


3 

where Q = flow quantity; cubic feet per day (ft /d) 


K = hydraulic conductivity; ft/day 


I = hydraulic gradient; ft/ft 


A = cross sectional area through which flow is being calculated 


A geologic profile section (Figure 4-5, shown as profile section C-W5 in 


the February 1985 report) from monitoring well C through well F, G, J and 


W-5 was used to represent the groundwater outflow cross sectional area. 


The length is approximately 720 feet and the average saturated depth is 


approximately 20 feet, with an approximate groundwater outflow area of 

2 


14,400 ft . The hydraulic conductivity was calculated by permeability 


tests on the on-site wells, resulting in an average value of approximately 

_3 


10 feet/day (3.5 x 10 cm/sec). The hydraulic gradient is calculated 


from the 4 foot drop of groundwater elevation over a distance of 435 feet. 


This results in an I value of .009 ft/ft. Thus the flow quantity (Q) can 


be calculated by the following: 


Q = 10 ft/day x .009 ft/ft x 14,400 ft^ 


Q = 1,296 cubic feet per day, 9,694 gallons per day, or 6.7 gallons 


per minute of groundwater 


Such simplified calculations for flow from the site shows only the general 


order of magnitude which can be anticipated. The variations in thickness 


of the more permeable sands and gravels from 7 to over 25 ft and the 


variable nature of the hydraulic conductivity of the subsurface materials 


preclude a precise value. As illustrated in Table 4-4, hydraulic 


conductivities calculated from recovery tests and limited pump tests 


conducted during this investigation indicate a range of hydraulic 


conductivities in the on-site observation wells. A drawdown pump test 


performed on 0W-SB-34S indicated that the hydraulic conductivity at that 


location in the lower section of the aquifer could range as high as 24 
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TABLE 4-4 


HYDRAULIC CONDUCTIVITY VALUES FOR SELECTED OBSERVATION WELLS 


Surface Elevation of Bedrock 
Elevation Well Screen Elevation 

Well (ft) (ft) (ft) K^ (cm/sec.) K^ (ft/day) 

ONSITE 

FV 94.5 87.5-82.5 - 1.4 X 10-3 4.0 

0W-SB-4S 89.1 84.1-74.1 - 3.4 X 10-3 9,7 

FE 94.6 81.6-76.6 ~ 9.5 X 10-^ 2.7 

0W-SB-30S 91.1 82-72 - 4.8 X 10-3 13.6 

KN 92.6 79.6-74.6 - 5.7 X 10-3 16.1 

0W-SB-25S 93 75.5-65.5 - 5 X 10-^ 1.4 

0W-SB-34S 91.1 74.1-64,1 - 8.7 X 10-3 24 

CE 92.1 70.1-65.1 68.1 2.1 X 10-^ 0.6 

OW-SB-25D 93 62-57 65 2.1 X 10-^ 0.6 

OFFSITE 

ON 88 86-81 - 7.3 X 10-5 0.2 

OW-08 89 82.5-77.5 - 2.3 X 10-5 0,7 

PN 87.2 77.2-72.5 - 1.3 X 10-3 3.7 

OS 88 75-65 77 5.5 X 10-^ 1.6 

JS 86.2 73.2-68.2 74.2 5.1 X 10-3 14.5 

OW-IOM 94.6 66.6-31.1 71.6 3.0 X 10-^ 0.8 

ES 90.5 66.5-64.5 69.5 1.7 X 10-3 4.9 

PS 89.2 66.2-64.2 67.7 6.9 X 10-3 19.5 

W3D 86 53-43 63 1.64 X 10-^ 0.5 

W5D 85.5 48.5-38.5 63.5 1.6 X 10-3 4.5 

0W-9D 91.2 33.2-(-30.8) 72.7 5.0 X 10-^ 1.4 
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ft/day, or 2.4 times the value used in the above calculations. Variability 


in the stratified drift deposits throughout the site area, both 


horizontally and vertically, would account for the range of hydraulic 


conductivities from 10 ft/day to greater than 24 ft/day and a resulting 


groundwater outflow several times the 6.7 gpm (9,694 gpd) calculated above. 


An overview of groundwater contours (Figures 4-3 and 4-4) indicates that 


approximately 90-95 percent of the groundwater from the site, which 


discharges to the surface water system, enters either the unnamed tributary 


that bounds the site to the northeast or the Copicut River. A review of 


the surface water flow data in Section 5.0 describing the current surface 


water investigation shows that most of the groundwater from the site that 


discharges to the surface water system during high water table conditions 


is intercepted by this unnamed tributory. A small portion of the 


groundwater outflow to the surface water may discharge to Carol's Brook, 


but this is minimal. Review of water quality data indicates that no 


contamination was detected downstream of the site in Carol's Brook, 


reinforcing the concept that groundwater flow is easterly toward the 


unnamed tributary and the Copicut River. An inspection of flow data for 


the unnamed tributary (presented in Section 5.0) during 1985 shows some 18 


to 22.5 gpm that can be attributed to groundwater discharge to this 


tributary, a not unreasonable figure according to the prior discussion of 


groundwater flow. The 100 gpm increase during the April 15, 1986 


measurement between the wetlands north of the site and the tributary's 


confluence with the Copicut River can only be accounted for by some 


overland flow from the Copicut River crossing the intervening swamp. This 


is supported by the increased surface water elevation of the Copicut River 


during that monitoring period. With a lower seasonal groundwater table, 


groundwater does not discharge to the unnamed tributary but enters the 


Copicut River directly. A consistent increase in total volatile organic 


(TVO) compounds between the river sampling point north of the site and the 


one just upstream of the confluence with the unnamed tributary indicates 


that the Copicut River is a receptor of contaminated groundwater from the 


site. 


The velocity (V) of the groundwater through the interconnected pore spaces 


can be calculated by the equation V = K x 1/0, where K and I are as 
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defined above. The effective porosity, 0, is approximately .20 in this 


type of geologic deposit. Thus the velocity can be calculated by the 


following: 


V = 10 ft/day x .009 ft/ft 


.20 


V = 0.45 feet/day or 164 feet/year 


Therefore a time period of approximately three to six years would be 


necessary for contaminants in the groundwater to be transported across the 


expanse of the site to the Copicut River along the established flow lines. 


However, it is entirely possible that a hydraulic conductivity of 24 ft/day 


is present at some locations, and flow from parts of the site to the 


Copicut River occurs in 1 to 2 years. 


On-site differences in hydraulic conductivity relative to stratification 


within the aquifer is not immediately evident. Subsurface soils lithology 


appears to vary across the site, with some boreholes having fine-medium 


sands with a higher silt content. Generally, the fine-medium sands are 


located in the upper sections of the aquifer, with occasional silt lenses. 


The deeper sections of the aquifer, especially over the eastern area of the 


site, appear to be comprised of relatively coarse material, as indicated by 


borehole logs OW-SB-34, 12 and 20. A higher hydraulic conductivity at 


0W-SB-34S reflects the coarser, more permeable material found at the lower 


elevations at that borehole location. Therefore, groundwater outflows 


within the lower sections of the aquifer may be higher than in finer 


overlying sections. This may not be universally the case, as wells at 


location F, less than 100 ft. away from 0W-SB-34S, encountered till at a 


depth corresponding to its screened interval. 


The relative contribution of groundwater outflow to the unnamed tributary 


and Copicut River can be estimated by observing relative hydraulic 


gradients between the aquifer and the surface water and estimating the 
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relative hydraulic conductivity of the stream bed. Groundwater elevations 


in observation wells DW, DE and W-6S can be compared to the surface water 


elevations at the Copicut upstream surface water monitoring location SWM-4 


listed in Section 5.0. Downstream in the Copicut, at the SWM-5 location, 


the surface water elevation can be compared to the groundwater elevation in 


W-3S. Vertical gradients at the overburden D wells, and the 


overburden/bedrock cluster wells W-6 and W-3 exhibited consistent upward 


vertical gradients indicating potential upward groundwater flow and 


potential discharge to the Copicut River. 


Groundwater elevations in the shallow D, W-6, and W-3 wells directly 


adjacent to the Copicut River indicate an approximate 1 ft upward gradient 


with a potential head to cause inflow to the Copicut. Surface water 


sampling in the Copicut from November 1985 shows an increase from 2 ppb 


total volatile organic concentration just upstream of the site to 105 ppb 


just upstream of the confluence with the unnamed tributary. A repeat 


sampling in January of 1986 showed similar results with an increase of 17 


to 198 ppb for the same two sampling locations, respectively. This 


information confirms that a significant portion of the groundwater flow and 


contaminant plume discharges into the Copicut. 


4.4 CONTAMINANT MOVEMENT 


4.4.1 CHARACTERISTICS OF GROUNDWATER CONTAMINATION 


There is widespread contamination in the on-site groundwaters from volatile 


organics and extractable organics. High concentrations of volatiles and 


extractable organics were found onsite. There are four discernable soil 


contamination source areas, discussed previously in Section 3.0, from which 


contaminants originate and migrate from the site. The contaminants are 


found downgradient in both the overburden and bedrock aquifers as well as 


in the surface waters. The groundwater contaminant plume in the overburden 


and bedrock aquifers is indicated in Figures 4-6 and 4-7, respectively. 
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4.4.2 CONTAMINANT MIGRATION FACTORS 


The physical and chemical characteristics of the contaminants affect their 


rate of movement in the groundwater network. Volatile organics, for 


example, exhibit moderate solubility, low octanol/water partition 


coefficients, low soil adsorption coefficients, high biodegradation,. high 


volatilization and low viscosity which explains why these compounds can 


migrate faster in the groundwater system than extractable organics which 


have chemical and physical properties that retard their flow. For the 


purposes of groundwater analyses in this report, the movement of 


contaminants, especially the volatile organics, is assumed to occur at the 


same rate of migration as the groundwater flow. The physical, chemical, 


and biological factors which promote or retard movement of contaminants in 


the groundwater include the following: 


• Solubility; 


• Octanol/Water Partition Coefficients; 


• Soil Adsorption Coefficients; 


• Soil Permeability; 


• Biodegradation (biological half-life); 


• Vapor Pressure; and 


• Viscosity 


Migration of metals is highly dependent on the soil adsorption coefflcents, 


and on metal ion solubilities and ph of the groundwater which are inversely 


proportional. Filtered groundwater samples from on-site wells with high 


VOC concentrations indicate that metals concentrations above expected 


background levels are not exhibited at the ReSolve site. 


Solubility 


This is one of the most important factors in determining the ultimate 


disposition of organic chemicals in the groundwater. Constituents which 


are miscible in water tend to travel more freely in the groundwater because 


these compounds have low bioconcentration factors, low adsorption co­


efficients for soils and sediments, and are readily biodegraded. Other 
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compounds which are immiscible in water have different factors, such as 


specific gravity and viscosity, which play an important role in their 


movement in groundwater. These factors, however, do not promote 


contaminant movement to the same degree as the factors associated with 


water soluble compounds. 


Octanol/Water Partition Coefficient 


The octanol/water partition coefficient (K ) is defined as the ratio of a 


chemical's concentration in the octanol phase to its concentration in the 


aqueous phase of a two phase octanol/water system. 


K = Concentration in octanol phase 

ow '̂  


Concentration in aqueous phase 


K is an indicator parameter which describes the attraction of a particular 


compound for organics (soil/sediment) as compared to water. A high K 


value describes a compound which adsorbs to soils and sediment, retarding 


its migration to groundwater. Low K values indicates a hydrophilic 


compound which migrates through the soil to groundwater more easily. 


Soil Adsorption Coefficient 


This coefficient (K ) describes the ratio of the amount of chemical 

^ oc' 


adsorbed per unit weight of organic carbon in the soil to the concentration 


of the organic chemical in solution at equilibrium. 


K = ug adsorbed/g organic carbon 


ug/ml in solution 


Values of K may range from 1 to 107. High K values for compounds 


indicate high absorption rates onto soil or sediments which attenuate 


migration rates. The adsorption coefficient is also related to 


volatilization, hydrolysis and biodegradation. 
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Soil Permeability 


Soil permeability describes the ability of a fluid to penetrate through a 


porous medium (soil). The size of the pores depend largely on the type of 


soil, with clays and silts having small pores and low permeability and 


sands and gravel having large pores and high permeability. The soil 


permeability which affects leachate mobility is also related to ionic 


forces and capillary action. 


Biodegradation 


Biodegradation is defined as any biologically induced structural 


transformation of an organic compound that alters its structural integrity. 


The variables that influence this process include those that influence the 


size and activity of the microbial population and those that control the 


rate of degradation. 


Viscosity 


Viscosity is a measure of how a liquid behaves when subjected to a 


hydraulic gradient, which is essentially a measure of the liquid's 


resistance to shear or angular deformation. 


4.4.3 CONTAMINANT MOBILITY 


High values for the physical and chemical properties that affect 


contaminant mobility which were previously discussed, indicate the 


following: 


•	 Solubility (high) indicates an increase in mobility 


•	 Octanol/Water Coefficent (Kow) (high) indicates a decrease in 


mobility 


•	 Soil Adsorption Coefficient (Koc) (high) indicates a decrease in 


mobility 


•	 Soil Permeability (high) indicates an increase in mobility 


•	 Biodegradation (high) indicates an increase in mobility 


•	 Viscosity (high) indicates a decrease in mobility 
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Table 4-5 provides specific chemical properties for selected volatile 


organic compounds detected in the groundwater onsite. 


These six volatile organic compounds were selected based on their 


relatively high mobility as compared to the remaining contaminants 


detected. Other factors contributing to their selection are low 


viscosities and soil adsorption factors and relatively high solubilities. 


The migration of contaminants in the groundwater flow regime can be related 


to the on-site source areas as discussed in Section 3.0. Disposal of 


contaminants onsite resulted in direct contamination of the groundwater and 


soil matrix. Transport of contaminants within the groundwater and 


desorption of contaminants from the soil matrix results in a long term 


contaminant source. Extensive excavation at locations across the site 


removed substantial portions of the contaminated soil matrix. However, a 


significant quantity of source material still remains. 


Adsorption of contaminants within the soil matrix is significant yet the 


retentive and physical capacity of the largely non-organic silt, sand and 


gravel soil matrix is greatly exceeded by the type and concentration of 


chemical contamination. The moderate to high solubilities of the organic 


compounds present in the groundwater indicate that their probable rate of 


transport is at the approximate velocity of the groundwater flow. 


Migration of the contaminant plume off-site indicates that the adsorptive 


capacity of the soil is minimal in relation to contaminant concentrations. 


This is further illustrated at off-site well locations where high 


contaminant levels were found. 
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TABLE 4-5 


SPECIFIC CHEMICAL PROPERTIES FOR SELECTED 

VOLATILE ORGANIC COMPOUNDS 


Volatile Organic Compound 


Methylene Chloride 


Tetrachloroethylene 


Trans-l-2-Dichloroethene 


Trichloroethylene 


Toluene 


Vinyl Chloride 


Solubility 

(ppb) 


1.7 X 10^ 


1.65 X 10^ 


6 X 10^ 


1.1 X 10^ 


5.35 X 10^ 


1.1 X 10-̂  


Viscosity 

(m^) 


0.449 


0.896 


0.29 


0.58 


0.59 


0.3 


^ow 


1.82 X 10^ 


7.4 X 10^ 


1.74 X 10^ 


6.92 X 10^ 


6.17 X 10^ 


1.7 X 10^ 


^oc 


1 X 10^ 


3.6 X 10^ 


9.6 


3.8 X 10^ 


3.39 X 10^ 


9.3 
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4.4.4 MOVEMENT OF GROUNDWATER CONTAMINATION 


Discharge to Surface Waters 


As previously discussed, the contamination from the ReSolve Site is being 


transported by the groundwater flow towards and into the unnamed tributary 


and the Copicut River. Some volatile organic compounds would be expected 


to travel at the approximate velocity of the groundwater because they are 


semi-mobile. 


The volatiles exhibit the following physical properties which result in 


higher migration rates when compared to the extractables and metals: 


moderate solubility, low octanol/water partition coefficient, low soil 


adsorption coefficients, high biodegradation, high volatilization and low 


viscosity. The extractables and metals have properties that retard their 


flow; thus they are not as widespread as the volatiles. Groundwater in the 


observation wells appears to be slightly acidic, generally in the 5.5 to 


6.5 pH range. Evaluation of the groundwater chemical data for selected 


volatile organics, as presented in Table 4-5, supports the description of 


groundwater movement presented in Section 4.3.2. Contaminants in the 


overburden aquifer situated in the northern, central, and southeastern 


reaches of the site are currently migrating toward wells F, G, I and J as 


indicated in Figure 4-5. The overburden contaminant migration plume is 


almost entirely discharging into the unnamed tributary and the Copicut 


River as indicated by the lack or low levels of contamination in overburden 


observation wells east of the Copicut River. 


In addition, the pattern of surface water contamination found in the 


Copicut River and unnamed tributary supports the statement that the 


overburden aquifer is largely discharging into the unnamed tributary and 


Copicut River. The unnamed tributary appears to be a receptor of contami­


nant groundwater outflows and exhibits consistent contaminant 


concentrations in the 2-3 ppm total volatile organic range at its 


downstream portion. The Copicut River is also a primary receptor of 


contaminant outflow, exhibiting consistent contaminant levels of 


approximately 100 ppb downstream of the site before the confluence with the 


unnamed tributary. 
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On-Site Source Areas 


Concentrations of total volatile organics in samples from newly installed 


observation wells at OW-SB-27D and 0W-SB-30S indicate high contaminant 


concentrations in the bedrock and overburden aquifers at the site of the 


former lagoon area. 


The total volatile organics data for observation wells CW and CE from 1983 


through 1985 (Table 4-6) exhibit increasing concentrations indicating 


leachate infiltration from the former waste lagoons and plume movement 


downgradient. Decreasing concentrations of volatile organic data for 


observation well DW, however, indicate the contaminants are being diluted 


by surface water interaction with shallow groundwater. Observation well 


DE, as shown by groundwater elevations in Table 4-2, indicates a 


groundwater elevation which exhibits upward vertical gradients, driving the 


contaminants present in the lower portion of the overburden aquifer at a 


level greater than 10 ppm volatile organics toward the Copicut River. 


Surface water in the UT is ponded north of a causeway that was constructed 


to place the D wells near the Copicut River. Analyzing the surface water 


and groundwater elevations of the PZl location during the 8/4/86 


monitoring, the localized effect of the ponding north of the causeway is 


evident. The surface water elevation measured of the PZl location is 87 


ft. (Table 5-2B), the groundwater elevation in PZl is 86.76 ft. (Table 4-2) 


and the groundwater elevation in monitoring well DW is 86.62. The 


elevation of the adjacent Copicut River is 85.54 ft. This indicates that 


ponded surface water in the UT at the PZl location, which is less than 50 


ppb volatile organics, is causing a downward vertical gradient in this 


ponded water area north of the causeway. The UT surface water infiltrating 


the subsurface at this location is causing a dilution effect in the 


groundwater at this location as evidenced by the decrease in contamination 


in well DW from a concentration greater than 1 ppm concentration to less 


than 50 ppb volatile organics in less than a 2 year period. 
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TABUS 4-6A 


SELECTED OBSERVATtOII WELL CHOaCAL ANALYSIS DATA (ppb) 


OVERBUKDEN WELLS 

Obser­
va t ion 
Wells 

Total 
V o l a t i l e Organics Tetrachloroethylene 

Trans-
1-2-cli chloroethene Trichloroethylene Vinyl Chloride Methylene Chloride Toluene 

83 84 85 83 84 85 83 84 85 83 84 85 83 84 85 83 84 85 83 84 85 

A 

BE 1,622 500 + + + + + + 6,500 + + + + 68 000 + + 91,000 + + 

BC 85 540 + + 1,400 860 + + + + 16 000 62,000 

CW 19 342 50,020 350 240 2,200 7,400 3,000 300 5,400 8,500 16,000 

DE 43 070 37,010 19,940 6,000 2,500 2,600 2,800 8 200 26,000 6,600 

EW 1,003 2,995 13 93 74 2 21 17 1,100 550 15,000 

EN 106 10 13 65 

FW 82 283 43,671 11 000 14,000 14,000 36,000 35,000 2,200 25,000 300 330 150 

FE 111 ,902 222,000 214,770 14 ,000 1,600 380 83,000 35,000 50,000 14 8,000 19 ,000 16 000 6,800 9,000 

I G 1 953 109,000 41,870 790 12,000 94,000 19,000 9,200 2,500 15,000 3,000 

ro HN 1 953 1,382 1 300 830 2 130 

HS 1 701 3,724 170 1,500 900 1,700 1,000 

IS 637 5,174 36 1,600 280 23 1,700 2,700 610 1,300 

JN 71 220 99,000 64,550 47,000 4,900 4,900 5,000 7,100 1 400 64,000 39,000 33,000 

KN 137 351 53 31 8 120 34 180 20 40 

KS 445 1,776 220 410 17 310 95 960 1 27 

L 228 729 51 10 1 6 23 470 20 32 13 150 

NS 11 

NN 57 35 

ON 19 19 

QW 7 200 8,050 4,228 420 6,200 6,800 2,400 

R 

SW 31 23 8 

Wl * * * 
W2 * * * 
W3S 64,944 221 * 61 * 43,500 59 224 * 4,570 140 83 4,340 

W4S * * 3 * 
W4D 14 83 * 2 8 3 3 14 73 * 
W5S 99 * 5 5 6 5 14 * 202 21 5 

W6S 330 * 



TABLE 4-«A (CONT'D) 

SELECTED OBSERVAnCH WELL CHOaCAL ANALYSIS

OVERBURDBfl WEU£ 

 DATA (ppb) 

Obser­
vation 
Wells 

Total 
Volatile Organics 

83 84 85 

Tetrachloroethylene 

83 84 85 

Trans-
1-2-dichloroethene 

33 34 35 

Trichloroethylene

33 34 35 

 Vinyl Chloride

83 84 35 

 Methylene Chloride 

33 34 85 

Toluene 

S3 84 85 

OW-07 

OW-08 

OW-09S 

CW-IOS 

OW-llS 

SB-04S 

SB-09S 

SB-34S 

SB-25S 

SB-30S 

510 

330 

205,000 

95 

17,005 

105,000 

57,060 

8,000 

15 

5,400 

2,100 

510 

330 

32,000 

27 

7,800 

16,000 

23,000 

53 

7,900 

27,000 

4,100 

10 

7,000 

1,400 

13,000 

705 

16,000 

CAJ 


* Well did not exist at time of sampling. 


•>• Wells removed after 1983 sampling. 



TABLE 4-6B 


SELECTED OBSEBVATiaH WELL CBDaCAL ANALXSIS DATA (ppb) 


BEEBOCK WELLS 


Obser­
vation Total Trans-
Wells Volatile Organics Tetrachloroethylene 1-2-dichloroethene Trichloroethylene Vinyl Chloride Methylene Chloride Toluene 

83 84 85 83 84 85 83 84 85 83 84 85 83 84 85 83 84 85 83 84 85 

BW 1 400 + + + + 600 -I- + + + 800 + -f 

CE 2 133 5,316 87 2,900 2,200 850 360 540 890 

ES 13 

FC 6 390 6,449 6,129 ,200 2,200 26 600 2,000 69,000 2,400 10 35 190 9 71 

IN 3 910 581 481 23 41 93 41 42 6 190 330 26 130 48 

JS 4 801 40,000 4,820 1,900 9 000 280 1,100 3,300 4,400 2,300 27,000 

NN 57 . 35 

OS 79 45 

PS 19 19 

QE 915 303 487 16 40 310 39 100 72 

SE 50 41 

-pi W3D 49 49 5 

W4D 14 87 2 3 14 73 
-Pi 

W5D 64 46 18 IS 5 11 10 15 

W6D 2,840 340 340 2 2,000 2,100 

CW-09M * 
OW-09D * 
OW-IOM A 

OW-IOD * 
OW-llM * 
OW-llD * 
SB-25D * 506 3.4 290 210 2.2 

SB-27D * 44,920 8,900 6,800 26,000 600 

* Well did not exist at time of sampling. 

+ Wells removed after 1983 sampling. 



Downgradient of the former lagoon area, the cooling pond areas, and the 


contaminated on-site soil areas, a highly contaminated portion of the 


overburden aquifer is seen at observation wells 0W-SB-4S, 0W-SB-34S, FW, 


FE, G, JN in the southeast section of the site and nearby off-site 


locations. TVO levels in observation wells at location F show persistence 


with continuous high levels. At the FW location, TVO contamination levels 


were in excess of 67 ppm in the upper 3-4 ft. of the saturated zone of the 


aquifer. Directly downgradient at the FE location, beneath a silt lense, 


contamination was in excess of 200 ppm TVO indicating high contaminant 


concentrations at a shallow to middle depth of the overburden aquifer at 


this off-site location. 


The location of observation well F downgradient of highly contaminated 


soils at the oil spreading lagoon and cooling pond sites provides an 


explanation for these high contaminant levels located off-site. The 


aquifer at the F cluster well location is being infiltrated with 


groundwater contaminants originating from upgradient source areas and 


contaminated soils. Analyses of groundwater at wells JS and HS exhibit a 


similar situation of off-site contaminant migration of a highly 


contaminated plume from an on-site source. 0W-SB-4S which is screened 


within the upper 5 to 15 feet of the aquifer exhibited high contaminant 


levels, in excess of 200 ppm TVO. 0W-SB-34S, which is within the 


contaminant plume area north of 0W-SB-4S and west of the F location, 


exhibited comparatively lower contaminant levels (17 ppm TVO) at a depth of 


15-25 ft. in the aquifer. This indicates lower contaminant levels in the 


deeper zones of the aquifer at this location. In the northern section of 


the site at the OW-SB-25S and 0W-SB-30S locations, which are primary source 


areas, groundwater contamination extends to lower sections of the aquifer 


causing contaminant migration in the full saturated thickness of the 


overburden aquifer and infiltration into the bedrock aquifer. 


North of the site in the wetland area, observation wells 0W-8S and 7S 


contained 1,2-trans-dichloroethane at levels below 1 ppm. Volatile organic 


contamination in sediments and surface water of the wetland, as reported in 


the 1985 CDM Off-Site RI, can be seen to influence contaminant levels in 
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0W-8S and 7S observation wells. Limited outflow and dispersion from the 


highly contaminated source areas directly adjacent to the wetland probably 


account for a limited portion of the contamination in the groundwater 


beneath the wetland. The primary mechanism of contamination in the 


wetlands was probably direct disposal and/or surface runoff from the site 


during its operation. 


Groundwater sampling at 16 observation well locations, primarily at on-site 


and immediate off-site locations, indicated PCB contamination ranging from 


4 ppb to 1200 ppb in unfiltered groundwater during the November and 


December 1985 sampling events. However, PCBs are relatively insoluble in 


water with a range of 2.5 ppb - 15 ppb solubility (U.S. EPA 1980). The 


existence of high levels of PCBs in groundwater samples at the locations 


tested is, to a great extent, attributable to PCBs adhered to silt and 


suspended solids sampled with the unfiltered groundwater samples. 


Subsequent review of these data necessitated a second sampling event in 


July, 1986. Groundwater samples were filtered through a 0.45 micron 


standard filter for organic analyses to determine if PCB contaminants 


detected were adsorbed onto silt and soil particles. 


Sampling and analyses in July, 1986 of filtered groundwater at ten of the 


observation well locations, as indicated in Appendix B, exhibited a 


presence of PCBs at three of the observation wells as indicated below. The 


remaining seven wells did not indicate the presence of PCBs in groundwater. 


Observation Well Total PCB Concentration (ppb) 

Nov./Dec. 1985 July 1986 
(unfiltered) (filtered) 

SW 5.5 1.4 

0W-SB-25S 1160 52 

0W-SB-34S 6 9.7 

However, this information indicates that PCB oils at 0W-SB-25S are 


present in groundwater at levels higher than the 15 ppb maximum solubility. 
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The presence of other volatile organic compounds in which PCBs are soluble 


increases the presence of PCBs in the groundwater (U.S.EPA 1980). Soil 


borings and groundwater samples at the SB-25S location indicate high 


concentrations of volatile organics and PCB contaminants at depths 


throughout the thickness of the overburden aquifer. 


Bedrock Contamination 


Contaminants in the bedrock aquifer have migrated to the eastern side of 


the Copicut River and south of Carol's Brook as illustrated in Figure 4-7. 


High contaminant levels in the bedrock are exhibited on-site at OW-SB-27D 


and CE which are directly influenced by the contaminant disposal practices 


at the former lagoon area. At locations FC, IN and JS, a contaminant plume 


with concentrations greater than 5 ppm TVO in the shallow bedrock has 


migrated off-site. As evidenced by drilling operations at some locations 


across the study area from the 1985 CDM off-site RI and boring logs in 


Appendix B from the current study, bedrock at some locations is extensively 


fractured. Fracturing has occurred to the extent that the groundwater in 


the bedrock aquifer flows in a similar direction to that of the overburden 


aquifer. Some bedrock wells exhibit relatively high hydraulic 


conductivities, as seen in Table 4-3. Contaminants in the bedrock 


groundwater do not entirely discharge to the Copicut River and are 


transmitted beneath the Copicut as illustrated by contaminant detection in 


observation wells W-6D and W-4D and south of Carol's Brook as illustrated 


by contaminant levels in observation well W-5D. Potential for contaminant 


migration east of the Copicut, especially to the W-6D location, occurs 


during the transient conditions of an elevated overburden water table and 


high surface water levels, causing downward vertical gradients as exhibited 


during the April 1984 monitoring from the 1985 off-site RI. The newly 


installed off-site cluster of monitoring wells at locations OW-9, 10, 11 


did not exhibit any contamination in the overburden or bedrock aquifers, 


indicating that the contaminant plume has not migrated to that downgradient 


area. 
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As indicated in these groundwater analyses, contaminant flow in the 


overburden aquifer is primarily towards the Copicut River. Some of the 


contaminants have higher specific gravities than water. This fact, in 


combination with precipitation recharge, contaminant recharge rates, and 


possible seasonal downward gradients in the contaminated sandy soils can 


cause a downward migration of contaminants in the overburden aquifer. At 


some locations, especially the highly contaminated areas on-site, 


contaminated groundwater in the overburden aquifer may be infiltrating the 


upper bedrock aquifer. Contaminants in the bedrock aquifer can be very 


persistent, and future contaminant migration in the bedrock will be 


dependent on the physical/chemical properties of the chemicals as discussed 


in Section 4.4.2, hydraulic gradients present, and bedrock fracture 


patterns. 


4.5 GEOPHYSICAL INVESTIGATION 


4.5.1 INTRODUCTION 


Geophysical studies were conducted at the ReSolve Site during February of 

1986 to investigate the presence of buried objects. This investigation was 

focused primarily over the western section and areas of the site which were 

not investigated and excavated during the removal operation conducted by 

CECOS and the U.S. Army Corp of Engineers in 1984. Previous excavations 

onsite, supervised by the US Army Corp of Engineers, had removed approxi­

mately 50 drums from areas of the site that had been excavated during the 

removal operation. Depth of excavation of the on-site soils at several 

sections of the site extended to four feet. Sections of the site which were 

not excavated and served as access roadways during the excavation and removal 

process were the primary focus of this geophysical investigation. 

Figure 4-4 indicates the results of the geophysical survey and testpit loca­


tions. Initially an electromagnetic Geonics EM 31 Unit was used in a buried 


object detection mode to screen for the existence of buried objects over the 


entire site. The locations indicated as suspect by the EM 31 unit were also 


evaluated using an EDA OMNI MAG magnetometer, a Geophysical Survey System's 


subsurface interface radar (SIR) unit, and a Metrotech Model 880 metal 


detector. 
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4.5.2 APPROACH 


In conjunction with the EM 31 survey, the magnetometer unit was used to 


demarcate the existance of buried ferromagnetic objects. To verify the 


absence of ferromagnetic material, localized measurements using the 


magnetometer were taken at sections of the site which did not indicate 


anomalous electromagnetic field measurements using the EM 31 Unit. Total 


magnetic field readings were initialliy obtained in suspect areas of the 


site which are listed in Appendix I. Total magnetic field contours are 


listed on Figure 4-4. A subsequent magnetometer survey using the 


magnetometer in a vertical gradient mode (VGM) was conducted in the areas 


designated as suspect by the first total field magnetometer survey. The 


grid size was reduced to 10 foot Intervals for better definition. The VGM 


anomalous measurements correlated with the anomalous magnetometer total 


field measurements. In conjunction with the EM 31 and magnetometer 


surveys, a subsurface interface radar survey was used to distinguish the 


presence of buried objects. During the excavation process a Metrotech 


Model 880 metal detector was also used to indicate location and extent of 


buried ferromagnetic material. 


4.5.3 GEOPHYSICAL RESULTS 


As a result of the geophysical investigations, nine testpits (Figure 4-8) 


were excavated resulting in the removal of seven 40 gallon barrels which 


contained waste contaminants. Five high hazard material samples were 


obtained from three of the testpits. The analytical results are listed in 


Appendix A. Three drums were placed in overpacks and the remaining four 


intact drums were stored onsite for removal. 
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5.0 SURFACE WATER AND WETLANDS INVESTIGATION 


5.1 INTRODUCTION 


The purpose of the surface water and wetlands investigation conducted at 


the ReSolve site was to assess the quantity of flow, characterize and 


determine the extent of contamination and evaluate the mechanisms by which 


contaminants are being transported from the site via any one of the three 


surface streams draining the site vicinity. The specific elements of this 


investigation were as follows: 


•	 Analyze the surface waters to characterize current contaminant 


levels in the streams draining the site. 


•	 Estimate the base flows of Carols Brook, the Copicut River and the 


Unnamed Tributary. 


•	 Estimate the seasonal and short-term flow response of the Unnamed 


Tributary from induced infiltration of groundwater and/or rainfall. 


•	 Assess the current extent and condition of wetland areas onsite and 


offsite to provide a characterization and baseline for the impact 


analysis that will be conducted during the feasibility study. 


As shown in Figure 1-3, the ReSolve site is bordered on the north by a 


wetland. This wetland, which is largely ponded water to a depth of 1 to 2 


ft, forms the headwaters of the unnamed tributary which trends northwest to 


southeast following the contour of the site's northeastern border. This 


tributary obtains substantial flow pickup from small perennially wet areas 


and is a receptor of the site's groundwater outflow. This tributary joins 


the Copicut River just past its crossing of the Algonquin gas pipeline 


right-of-way. Carols Brook flows in a general west to east direction and 


forms part of the site's southern boundary. Carols Brook joins the Copicut 


River 220 ft below its confluence with the unnamed tributary. 
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Sample collection locations and task objectives were selected to augment 


earlier efforts at site characterization and to provide sufficient 


information to begin screening final remedial alternatives. 


5.2 SURFACE WATER HYDROLOGY 


The purpose of the hydrologic analysis was to determine the inter­

connectedness of surface water near the site with groundwater and determine 


surface water flow patterns. Flow measurement stations were established on 


each of the surface streams and water elevation gages were strategically 


placed in order to achieve the objectives described above. 


5.2.1 WATERSHED AND DRAINAGE PATTERNS 


The Copicut River is a small tributary of the East Branch Westport River. 

It is considered to originate at the Copicut Reservoir where leakage at the 

base of the dam supplies a relatively constant baseflow. The Copicut River 

flows from the Copicut Reservoir approximately 0.75 miles north of the 

site, through a small private pond, to a point adjacent to the ReSolve 

site. From the site, it flows approximately 1/4 mile to Cornell Pond. 

Discharge from Cornell Pond flows south where it joins Shingle Island 

River. Shingle Island River flows into Noquochoke Lake, the outlet of 

which becomes the head of the East Branch Westport River and eventually 

discharges to Rhode Island Sound. Water from the Naquochoke is used a s a 

nonpotable industrial water supply for fire protection purposes for the 

town of Westport. 

The drainage area of the Copicut River at the site is 8.11 sq mi. The main 


tributary in the vicinity of the site is Carols Brook. During a previous 


investigation of the aquatic community (CDM, 1985), it was noted that the 


Copicut River is being fed by leaks at the base of the Copicut Reservoir 


dam, located at the southern end of the reservoir approximately 0.7 mi 


north of the site. At this location, the stream contained orange-colored 


flocculant masses. These masses are probably filamentous, ensheathed 


chemoheterotrophic iron bacteria of the Sphaerotilus group which 


accumulate iron oxide on the sheaths, but do not physiologically use iron. 
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The iron is a result of naturally occuring dissolved iron being discharged 


to the stream. Water from the Copicut Reservoir is periodically pumped to 


the Fall River reservoir for treatment and distribution. Iron content is 


typically high, in the 1 ppm range, and pH low, generally less than 5. In 


addition, two auto salvage yards are located upgradient within one-half 


mile of the site. 


The Copicut Reservoir was completed between 1971 and 1972 and was 


constructed to augment the water supply of Fall River. During the fall 


period until January 1, 1986 no water was pumped from the reservoir. From 


January 1986 until May 1986, approximately 10 to 12 mgd was removed from 


the reservoir. From May until August 1986, approximately 5 to 6 mgd was 


pumped off. According to conversations with the operator of the Fall River 


Filtration Plant, seepage through the dam occurs year round at an estimated 


flow rate of 50,000 gpd. The only controlled release of water from the dam 


occurs annually during the months of March, April, May and possibly June 


when the depth of the reservoir exceeds 30 ft. Estimated flow through the 


spillway is approximately 250,000 gpd during these spring months. During 


the November 1985 to July 1986 time period, the monitoring conducted on 


July 16, 1986 of the Copicut may have been affected by a lower streamflow 


in the Copicut. 


5.2.2 PRECIPITATION - NEW BEDFORD STATION 


Meteorological data were obtained from the New Bedford Station of the 


National Weather Service. Summaries of daily temperature and precipitation 


are available within three months of collection, while hourly readings of 


temperature and precipitation can be obtained within six months. 


The climatic data indicate that the winter of 1985-86 was not unusual in 


regard to temperature. Therefore, normal averages for frost depth and 


duration applies to the study period. Rainfall was below normal however, for 


many of the monthly averaging periods. Daily precipitation data from 


September 1985 to April 1986 are presented in Table 5-1. 
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TABLE 5-1 

I M  U HfflCEPlIflTICN IMIA* 


Re-Solve Site Sq)t. 1985 - April 1986 


Day of Month Sept. Oct. Nov. Dec. Jan. Feb. March April May June July Aug. 

1 .05 .14 .05 .06 
2 ,03 .09 .25 .58 T .06 1.73 
3 .24 .01 1.63 .38 .64 
4 T .07 .01 .40 .04 
5 .07 1.57 .67 .06 .05 .01 
6 ,25 .18 T .09 .17 .08 .41 
7 ,05 .25 .40 .04 .83 .10 
8 .03 .28 .09 1.Z3 1.15 
9 ,67 .05 .02 T 
10 ,06 T .33 .03 
11 ,18 .08 .30 .53 1.0 .10 .52 
12 .73 .08 .01 .64 .74 
B .28 .03 .37 .72 .21 .98 
14 .21 .01 .14 1.01 .71 
15 .25 T .59 
16 .06 1.05 .01 
17 .40 .15 .02 .01 
18 .10 .75 1.16 

cn 19 .19 .01 2.55 .11 1.2 .10 
I 
-Pi 20 .13 .11 T 

21 .05 .58 .24 .39 .01 .42 
22 .79 .01 2.39 .41 
23 .16 .74 .05 .01 T 
24 .21 .01 .13 .49 .20 .16 
25 .21 T T .05 .02 
26 .46 2.88 .02 .02 
27 ,05 .07 T .31 .23 .15 .01 .09 .01 
28 .57 T .13 .02 .01 .03 .29 
29 .03 .% 
30 T .41 
31 .09 .02 .01 

Total 1.50 1.40 6.29 1.46 8.31 3.65 3.02 2.80 3.68 3.90 6.07 4.98 
Departure from Normal -1.85 -1.80 2.13 -3.20 4.25 -.19 -1.18 -.% 0.33 1.17 3.70 .72 
Greatest Day .67 .28 1.57 .37 2.88 .75 1.01 .74 2.39 1.23 1.73 1.16 
Date 9th 13th 5th 13th 26th 18 th 14th 23rd 22nd 8th 2nd 18 th 
Normal Monthly Average 3.35 3.20 4.16 4.66 4.06 3.84 4.20 3.76 3.35 2.73 2.37 4.26 
Z Differaice from Normal -55 -56 +51 -69 +105 -5 -28 -25 +10 +43 +156 +17 

*Source: National Oceanic and Atmospheric Administration 1986. Data for New England 98(7), July, 1986. 




Figure 5-1 illustrates that precipitation was 32% below normal for September 


through December and was still 8% below normal for September through March, 


despite January precipitation being 105% above normal. It should also be 


noted that 85% of the precipitation in January fell on just 3 days. Despite 


that large amount of rain that fell, the deficit created over the fall period 


was not reversed. In addition, the presence of ground frost could prevent 


significant infiltration from occuring. 


5.2.3 STRUCTURE OF SURFACE WATER MONITORING PROGRAM 


As previously discussed in this section, surface water flow stations were 


established and surface water samples were collected to meet the objectives 


of the surface water investigation. 


As shown in Figure 5-2, stations were established on Carols Brook (SWM-6) and 


the Copicut River (SWM-5) where each surface stream crosses the Algonquin gas 


pipeline right-of-way (ROW). Flows were calculated periodically using a 


stream cross section method at each of these locations with velocity 


measurements made using a Marsh-McBlrney instream velocity meter. Each 


location was chosen based upon the following factors. 


•	 straightness of the stream channel 


•	 uniform bottom type and depth 


•	 relatively steep stream bank to contain a large range of flows 


within the same channel width. 


The Carols Brook location had an approximate width of four feet which was 


divided into eight one-half foot wide segments. The depth of each segment 


was measured at the midpoint. Depths in the Copicut Stream and Carols 


Brook were less than two feet, therefore the velocity of each section was 
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measured at the midpoint of the segment, at approximately 0.6 of the total 


depth. The flow at each segment was then calculated using the following 


formula: 


Q = VA 


3 

where: Q is the flow in ft /sec 


V is the velocity in ft/sec 

2 


A is the area of segment in ft 


Each of the eight segment flows were calculated and summed to obtain the 


total flow of stream at that point. 


The Copicut River section was approximated fourteen feet wide and was split 


into seven two foot wide segments. The depth and velocity was measured and 


flows calculated as with the Carols Brook station. 


The flow pickup of Carols Brook and Copicut River as each flowed past the 


site was not determined because the inherent error of the cross sectional 


method, typically +10%, would not allow accurate measurement of small flow 


increases over such a short distance. 


Special attention was given to the unnamed tributary because it flows from 


the wetland; it has typically contained the most contaminated surface water 


near the site; it is in the direct path of overburden groundwater flow; and 


it appears to pick up substantial groundwater baseflow between the wetland 


to the Algonquin ROW. Therefore, locations were selected just below the 


wetland outlet and near the Algonquin ROW that would be amenable to 


construction of a temporary pool in which a small calibrated pipe weir or 


overflow device could be installed. In an area just below the wetland a 


small overflow device was installed which could be measured with a 


calibrated bucket and a stop watch (SWM-2). 


At the gas line a small temporary pool was constructed around a one foot 


diameter smooth galvanized pipe into which a 12 inch pipe weir calibrated 


in gallons per day (gpd) was inserted (SWM-3). Following stabilization, a 


reading was taken. 
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In order to further establish the interaction of the surface water and 


groundwater, reference stakes were placed at the following locations 


(Figure 5-2): 


SW-1 Above wetland outlet 

SW-4 Copicut River downstream (at Algonquin ROW) 

SW-5 Copicut River upstream (adjacent to D wells) 

SW-6 Carols Brook at gas line 

5.2.4 FLOW DISCHARGE AND WATER LEVEL ELEVATIONS 


As previously discussed it was suspected that flow of the unnamed tributary 


(UT) increases dramatically as it flows from the wetland to the Algonquin 


right-of way (ROW). As discussed in Section 4.3.2, this increased flow is 


thought to be a result of groundwater outflow to the UT. 


Stream flow data collected during this investigation is presented in Table 


5-2A. If flow data from the unnamed tributary (UT) below the wetland on 


December 11, 1985 are compared to the UT flows at the Algonquin 


right-of-way (ROW), it can be observed that flow increased by 17.75 gpm (24 


gpm to 41.75 gpm) or 74 percent. Similarly, data from December 23, 1985 


shows an increase of 21.3 gpm (15.5 gpm to 36.8 gpm), or 137 percent. 


Considering that precipitation was below average during the preceding fall, 


it appears that flow approximately doubles in the 520 feet from the wetland 


to the Algonquin ROW. 


An examination of the UT flows for other dates (Table 5-2A) reveals a wide 


range of flow regimes which maintain a similar trend. On January 16, 1986, 


flow at the Algonquin ROW was 22.5 gpm while there was no apparent flow out 


of the outfall wetland due to severely cold weather. This value is 


considered the groundwater baseflow to the UT during this monitoring 


period. On January 21, 1986, flow was measured following a brief January 


thaw and torrential warm rain (2.55" on January 19). The UT still showed a 


93 percent increased inflow (50 gpm to 96.7 gpm), even though the ground 


was substantially frozen. 


5-9 




TABI£ S-2A 

s u n a s i OF SURFACE WKTER FUMB (gpa) 

ReSolve Inc. - Dartaoutb, IA 

Station Location 11/26 12/5
1985 

 12/10 12/11 12/23 1/16 
1986 

1/21 4/15 4/16 7/16 8/4 

SVJM2 Unnamed Tributary at Wetland outlet 

SWM3 Unnamed Tributary at pipeline 

SV1M6 Carols Brook at pipeline 

SHM5 Copicut River at pipeline (dovmstream) 

— 
— 
— 

39

—
—

2,199

 — 

— 
 835 

 1,839 

24 

41.75 

— 
— 

15.5 

36.8 

555 

1,7-73 

frozen 

22.5 

frozen 

— 

SO 

96.7 

3,942 

2,101 

8.S 

107.7 

1,889 

6,724 

6 

96.7 

— 
— 

1 

1 

322 

1,728 

TABLE 5-2B 

t n 
I 

S U m i O r OF SUBFiWCX MKTER ELEVXnOBS

ReSolv« I n c  . ­ O a r t B o u t h , HA 

 ( f t  ) 

S t a t i o n Location 

Reference 
Elevations 

(ft) 11/26 12/5 

1985 

12/10 12/11 12/23 

1986 

1/16 1/21 4/15 4/16 7/16 8/4 

Wetland at OW-8 

SWll Above Wetland Outlet 

SWM6 Carols Brook at pipeline 

SWM4 Copicut River (upstream) 

SWM5 Copicut River at pipeline 
(dovmstream) 

Surface Water Hear Location PZl 

Surface Water Near Location PZ2 

Unnamed Tributary at pipeline veir 

Unnamed Tributary at pipeline 

90.55 

91.95 

85.87 

88.77 

85.96 

89.06 

— 
85.98 

84 .02

89.06 

— 
86.02 

 8 4 . 0 4

— 
82.72 

— 

 8 4 . 0 4

88.98 

— 
86.00 

 8 4 . 0 4

89.44 

frozen 

82.69 

85.97 

 83 .98 

frozen 

frozen 

frozen 

85.86 

83 .98

89.15 

— 
85.89 

 8 4 . 0 6 

88.92 

— 
86.06 

—

88.88 

86.07 

 84.08 

89.05 

88.95 

82.55 

85.54 

83.65 

87.0 

85.79 

85.21 

84.62 

85.54 

83.67 

87.0 

85.00 

85.21 

84.62 



This UT surface water flow increase is influenced by the high surface 


runoff conditions during this monitoring period. 


The last flow measurements were taken on successive days in April to 


determine if the rate of flow increase was maintained under spring flows. 


Measurements on April 15 and 16 indicated that flow originating from the 


wetland made up only 4-5% of the UT flow as it crossed the Algonquin ROW. 


The presence of fine to coarse sand on-site and a lack of vegetation 


maximizes the percent of precipitation which results in direct 


infiltration. In addition, the site is a topographic low point, serving as 


its own small catchment area where any potential runoff or snowmelt within 


the on-site perimeter infiltrates and recharges groundwater. This may 


explain both the large flow and large contaminant pickup observed in the UT 


between the wetland and the Algonquin ROW. It also indicates that, at 


least under post Corps-of-Engineers (COE) removal conditions, site 


groundwater does not substantially communicate with the wetland, while it 


does to a large degree with the UT south of the D-wells. 


Groundwater elevations in observation wells 0W-7S and 0W-8S in the wetland 


were not significantly different for the surface water elevations 


indicating that the wetland does not act as a perched water table or a 


major receptor of groundwater outflow from the site. Groundwater flow 


patterns indicated in Figures 4-3 and 4-4 indicate that the wetland 


receives groundwater inflow from direct upgradient sources. Limited 


outflow and dispersion of contaminants from on-site contamination sources 


may influence the groundwater contamination in the wetland. In order to 


determine aquifer hydraulic heads at locations along the UT, three 


piezometers (PZ.., PZ_, PZ-) were driven into the UT on August 1, 1986, as 


indicated in Figure 4-1. Bentonite clay was used to seal the drive pipe. 


A significant groundwater hydraulic downward gradient was observed in PZ^ , 


indicating that the UT surface water is ponding upgradient from the 


causeway constructed for the installation of the D wells. Piezometer 2 was 


driven due east of the D wells which exhibited a slight 0.1 ft vertical 


upgradient relative to the surface water level. Piezometer 3 was driven 
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near the Algonquin ROW stream gauging station through material which 


appeared to be resistive. No differences between the aquifer hydraulic 


head and surface water elevations were indicated at this location. During 


the limited August 4, 1986 monitoring, no perceptible surface water flow 


increases were estimated. 


For the measurements that were made for the Copicut River, flows appeared 


to be stable during December 1985 and January 1986 ranging from 1773 gpm to 


2199 gpm. Flows tripled during the April 15 monitoring, which was 


attributed to higher precipitation recharge and water table conditions. 


Flows in Carol's Brook also remained stable in December and approximately 


tripled during the mid-April flow measurement. However, while the Copicut 


River appeared to increase only moderately (1773 gpm on December 23, 1985 


to 2,101 gpm on January 21, 1986) due to the January 19 rainstorm and thaw, 


flow in Carols Brook increased from 555 gpm on December 23, 1986 to 3,942 


on January 21, 1986. This may be due to peak discharge being attenuated by 


regulation at the Copicut Reservoir, located within one mile upstream. 


In addition to flow measurement stations, several reference stakes were 


placed at various locations to determine if surface water in the vicinity 


of the site is perched or is an expression of the water table. It was also 


desirable to document whether surface water might seasonally be 


recharging groundwater. Measurements were made concurrently with 


groundwater measurements of wells, but are listed separately in Table 5-2B. 


5.2.5 CONTAMINANT TRANSPORT 


As stated in section 5.2.4, surface water quality data were collected to 


document current water quality conditions at areas contiguous with source 


areas and in areas where human receptors might be affected by contaminated 


conditions. Listed in Table 5-3 are surface water descriptions and 


frequency of sampling. Sample locations of surface waters and sediments 


are illustrated in Figures 5-3, 5-4 and 5-5. Water quality data is 


attached as Appendix C. A summary of PCB and total volatile organic 


analytic results by location and data collected are included in Table 5-4. 
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i i i i t t t i i i l l l i i 

TABIE 5-3 

SUIFACE UAIER SEAHGNS CESCRIFnCN ftD FRBOUK? (F SAMFUNG 

Re-Solve Inc. Site Noventer 1985 - July 1966 

Station No. 1^22/85^ 11/26/85^ 12/10-1^85^ 1/16/86^ 7/29/86^ 

Carols Bro(3k 
Carols Brook at N. Hixville Rd. 01, 101 X X 
Carols Brook at Algonquin Gasline 02 X 
Carols Brook just above outlet to Copicut River 102, 202 X X 

Unnamed Tributary and Wetland 
Wetland at West End 06 X 
Wetland outlet 05, 09, 103, 203, 303 X X X  X X 
liinamed Tributary 50' below F-wells 10 X 
Uhnamed Tributeuy at Algonquin Gasline 04, 11  X X 
Unnamed Tributary just above Copicut River 104, 204  X X 

Copicut River and Cornell Pond 
cn Copicut River adjacent to D-wells 07, 105, 205 X  X X 
I Copicut River 20' above liinamed Trib. inlet 08, 106, 206 X  X X 
00 Copicut River between inlets of IJhnaniBd Trib. 

and Carols Brook 03 X 
Copicut River just above Carols Brocic Inlet 107 X 
Copicut River just below Carols Brook Inlet 108 X 
Copicut River at head of Cornell Pond 109, 209  X X 
Cornell Pond west shore 110 X 
Cornell Paid at outlet 111 X 
Copicut River below Cornell Pond 112 X 
Copicut River just above Shingle Island River 113 X 

Shingle Island River and Noguochdoe Lake 
Shingle Island River above Copicut River inlet 114 X 
Shingle Island River below Copicut River inlet 115 X 
Upper Noguochoke Lake 116 X 
Noguochcrfce Lake at 1-195 117 X X 

„-CLP Volatile Organics Only 

-Full CLP Hazardous Substance List (HSL) Organics and Inorganics 
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TABLE 5 4 

SURFACE WATER ANALYTICAL RESULTS 


CDM Sample No. 


243-SW-01-047 

243-SW-02-048 

243-SW-03-049 

243-SW-03-050 

243-SW-04-051 

243-SW-05-052 

243-SW-06-053 

243-SW-07-054 

243-SW-08-055 

243-SW-09-056 

243-SU-10-057 

243-SW-11-058 

243-SW-lOl-OOl 

243-SU-102-002 

243-SW-103-003 

243-SU-104-004 

243-SV-105-005 

243-SU-106-006 

243-SV-107-007 

243-SU-108-008 

243-SW-109-009 

243-SW-llO-OlO 

243-SV-lll-Oll 

243-SW-111-012 

243-SU-112-013 

243-SW-113-014 

243-SW-114-015 

243-SV-115-016 

243-SW-116-017 

243-SW-116-018 

243-Sy-H7-020 

243-SU-202-021 

243-SV-203-022 

243-SW-204-023 

243-SU-205-024 

243-SU-206-025 

243-SU-209-026 

243-SV-211-028 

243-SV-211-029 

243-SW-217-027 

243-SW-303-003 

243-SW-303-004* 


Sample Type 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Location 


SU-01 

SW-02 

SU-03 

SW-03 

SW-04 

SW-05 

SW-06 

SW-07 

SW-08 

SW-09 

SW-10 

SW-11 

SW-101 

SW-102 

SW-103 

SW-104 

SW-105 

SW-106 

SW-107 

SW-108 

SW-109 

SW-110 

SW-111 

SW-111 

SW-112 

SW-113 

SW-114 

sw-n5 

sy-116 

SW-116 

SW-117 

SW-202 

SW-203 

SW-204 

SW-205 

SW-206 

SW-209 

SW-211 

SW-211 

SW-217 

SW-303 

SW-303 


Date Total Total 

Collected PCB 's Volatiles 


11/22/85 

11/22/85 ­
11/22/85 301.1 

11/22/85 286 

11/22/85 3,969 

11/22/85 32 

11/22/85 3,770 

11/22/85 2 

11/22/85 105 

11/26/85 15 

11/26/85 620 

11/26/85 2,621 

12/10/85 ­
12/10/85 270 

12/10/85 0.52 38 

12/10/85 2,698 

12/10/85 ­
12/10/85 101 

12/10/85 264 

12/10/85 2,528 

12/10/85 123 

12/10/85 70 

12/10/85 2,300 

12/10/85 605 

12/10/85 62 

12/10/85 20 

12/10/85 ­
12/10/85 7 

12/10/85 950 

12/10/85 1,600 

12/10/85 ­
01/16/86 _ 


01/16/86 1.: 2 28 

01/16/86 3,422 

01/16/86 17 

01/16/86 198 

01/16/86 270 

01/16/86 160 

01/16/86 177 

01/16/86 6 

07/29/86 0.24 

07/29/86 _ 


Total PCB's and Total Volatiles are expressed in parts per billion (ppb). 


^Filtered Sample. 
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While helpful in making quick general assessments, this table does not 


reflect the presence of high concentrations of anomalous compounds of which 


the total may be primarily composed. For example, 2300 ppb of methylene 


chloride was found at SW-111, collected on December 10, 1985. Methylene 


chloride was below standard detection limits when water from this location 


was resampled on January 16, 1986. Surface water was only analyzed for the 


full HSL organics and metals during the December 19, 1985 and January 16, 


1986 sampling rounds. Screening samples collected on November 22 and 26 


1985 were only analyzed for HSL volatile organics. Surface water quality 


measurements indicate that pH in the surface waters is generally less than 


5.5 and specific conductance less than 65 umho/cm. Surface water pH 


measurements at the Copicut Reservoir by the Fall River filtration plant 


personnel indicate a pH generally less than 5. 


The data reveals that the unnamed tributary plays a major role in the 


transport of contaminants off-site via surface water. At the wetland 


outlet, total volatiles ranged from 8-38 ppb over the four sample 


collections at that location with trans-1,2-dichloroethene predominating. 


Total volatiles jumped up to 753 ppb at SW-10 which is about 50 feet 


downstream of the F-wells. Total volatiles at SW-4 (11-22-85) and SW-11 


(11-26-86) both at the Algonquin ROW were 3,969 and 2,238 ppb, respectively 


with trans-1,2-dichloroethene still dominant. Using the December flow 


increase data (15.5 to 36.8 gpm) presented in Table 5-2A, together with the 


increase of TVO (8 to 3969 ppb) presented in Table 5-4, it can be seen that 


the doubling of flow that occurs in the UT between the wetland and the 


Algonquin ROW results in over a thousand-fold increase in the mass 


transport rate of TVO. This represents groundwater outflow of contaminants 


from the contaminant plume upgradient and directly adjacent to the UT. In 


the Copicut, TVO contaminants have been consistently detected downgradient 


from the site and upstream from its confluence with the UT. This indicates 


that the Copicut is also a receptor of groundwater contaminant outflow from 


the off-site contaminant plume. 


Table 5-5 presents a historical perspective of contaminant outflow to the 


surface waters and indicates the downstream migration of these 


contaminants. 
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TABLE 5-5 

SELECTED SURFACE NRIEH CHOfZOU. MBLZSIS DATA (Ppb) 

Total Volatile Organics

83 84 85-86 
 Tetrachloroethyelene 

83 84 85-86

Trans-
1,2-dichloroothene 

 83 84 85-86 
Trichloroethylene

83 84 85-86 
 Vinyl Chloride 

83 84 85-86

Methylene 
Chloride Toluene 

 83 84 85-86 83 84 85-86 

Surface water 
Location 

Western Section of 
Wetland 

SW-00 
C-19 
C-20 

SW-06 

570 

S,400 
3,770 

11 

460 
140 

750 
1,900 

47 
220 

460 110 
7400 

110 
20 
6 

Eastern section of 
Wetland 

C-22 
SW-05 
SW-09 
SW-103 
SW-203 

132 
32 
15 
38 
31 

89 
24 
15 
36 
24 

26 12 

<J1 
1 Unnamed Tributary 

East of D Wells 

SW^IO 
C-11 
C-23 

1,115 
8 
10 

,219 
,810 

770 
780 

5,500 
78 

2,400 

150 
6 

1,100 

54 
7,100 

72 
59 

,400 

Unnamed Tributary 
at Algonquin ROW 

C-12 
SW-04 

3,051 
3,969 

10 1,600 
1,700 

220 
330 

300 
210 

Unnamed Tributary 
before confluence 
with Copicut River 

SW-12 
C-13 
SW-104 
SW-204 

65 
3,963 

2,698 
2,500 

65 1,800 

1,400 
2,000 

ISO 
210 
170 

470 

350 

56 720 40 
20 



TABU 5-S ( C o n t ' d  ) 

SELECTED SUBFACE HATER CBOdCAL AKALSTSIS DATA ( p f b  ) 

Total Volatile Organics Tetrachloroethyelene
Trans­

 1,2-dichloroethene Trichloroethylene Vinyl Chloride 
Me thylene 
Chloride Toluene 

S3 84 85 83 84 85 33 84 85 83 84 85 S3 84 85 83 84 85 83 84 85 

Copicut River before 
confluence with 
Tributary 

C-4 
SW-08 
SW-106 
SW-206 

1,337 
105 
101 
98 

140 
49 
59 

34 

55 

1,100 21 
26 

Surface Water 
Location 

C-5 
SM-03 
SW-107 

2,070 
301 
148 

220 
150 
110 

13 
2 

11 

61 
31 
27 

1,600 110 
72 

tn 
I 
ro 
o 

Copicut River 
downstream of 
confluence with 
Carol's Brook 

SW-108 
C-6 202 

2,528 
98 27 14 

2.300 
25 

38 

(1) 1983 surface water sampling occurred in January 1983 
1984 surface water sampling occurred in January 1984 
1985-86 SW-03 series sampled in November 1985 

SW-103 series sampled in December 1985 
SW-203 series sampled in January 1986 



A further examination of Table 5-4 reveals that PCBs were detected on two 


separate occasions in surface water at the outlet of the wetland. Since 


PCBs are relatively insoluble in water at a range of 2.7 ppb - 15 ppb 


(U.S. EPA 1980) and total volatiles averaged 36 ppb in these samples, it 


was suspected that the PCBs were not in solution but were adsorbed onto 


silt, clay or anthropogenic materials which were collected incidental to 


the sampling of the surface water and were subsequently extracted by the 


analytical laboratory. Surface water samples were obtained at the outlet 


of the wetland at the SW303 location in July, 1985 and filtered (0.45 


micron) and unfiltered samples sent for full HSL analysis. The unfiltered 


sample exhibited a 0.24 ppb PCB concentration and there was no detection of 


PCB contaminants in the filtered sample indicating that the PCBs exported 


out of the near-field study area by surface streams are adsorbed onto 


sediment particles. 


A careful review of the data in Appendix C illustrates an additional point 


of interest. This involves the sporadic appearance of high quantities of 


methylene chloride in samples from a number of different locations. This 


may be attributed to laboratory or CLP sample bottle contamination. While 


methylene chloride is acknowledged as one of the principal contaminants 


(1,450 ppb in the old cooling pond), it's high vapor pressure (7 psi.at 


20 C) makes it unlikely that it could be present in concentrations of the 


same order-of-magnitude below Carols Brook, at the outlet of Cornell Pond 


and at Noguochoke Lake. In addition, it was not detected in samples taken 


immediately upstream and downstream, nor was it detected in a sample taken 


later at the downstream location. 


Downstream detection of contamination in the surface water was generally 


most extensive during the January 16, 1986 monitoring period which was 


conducted during a groundwater baseflow period with minimal surface water 


dilution and minimal volatilization. At this time, approximately four 


inches of ice was found on portions of Cornell Pond with ice cover over 


lower sections of the Copicut River. 
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5.3 SEDIMENT SAMPLING PROGRAM 


5.3.1 INTRODUCTION - OBJECTIVES 


The objectives of the sediment sampling portion of the current investiga­


tion were to further delineate the degree and extent of contaminantion 


principally in Cornell Pond and downstream towards the Noquochoke Lake 


(primarily PCB contamination) and to assess transport mechanisms affecting 


sediment. 


5.3.2 SEDIMENT CONTAMINANT DISTRIBUTION 


Since PCBs were discovered throughout the ReSolve site with high concentra­


tions in certain areas, a strong emphasis was placed on delineating all 


source areas and off-site areas with potentially unacceptable 


concentrations. 


Since the first major study at ReSolve in 1982, there have been four major 


sediment sampling rounds, as indicated below: 


# Of Approximate 


Study Locations Dates(s) Collected 


On-site study (CDM 1983) 17 Fall 1982 


Off-site study part 1 22 January 1984 


part 2 51 (multiple depths) November 6-20, 1984 


(CDM February, 1985) 


Current Study 2 March 27, 1985 


9 December 11, 1985 


In the initial on-site study, total volatile organics, phthalates and PCBs 


ranged from below detectable limits to hundreds of ppm. As might be 


expected, concentrations were highest in the area of the wetlands and the 


unnamed tributary and decreased with distance from the site. The Copicut 


River, while containing substantial volatile organic contamination, did not 
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demonstrate PCB contamination. Carols Brook did show PCB contamination as 


well as volatile organic contamination throughout most of its length. 


Sediment data from the off-site February 1985 study generally confirmed the 


results of the earlier study. As part of the February 1985 report a 


sampling effort performed in November, 1984 illustrated that PCBs were 


widespread in sediments at levels above 1 ppm. One sample from the 


Algonquin right-of-way had a concentration of 11.3 ppm. No PCBs were 


detected in sediments of Cornell Pond. Sediments from the UT had PCBs at 


concentrations up to 107 ppm. 


The current sampling round of nine samples obtained in December 1985 and 


two samples obtained in March 1985 was designed to supplement earlier 


sampling efforts. Sediment sample locations are listed in Figures 5-3, 5-4 


and 5-5, two samples obtained in the wetland. A summary of the PCB and 


volatile organic analytical results are included in Table 5-6 and Appendix 


C. 


These samples provided HSL detection limit data for PCBs as well as the 


other full scan organics. From these data from samples obtained in the top 


0.5 ft of the sediments, it can be seen that sediment contamination with 


volatile organics persists, but at lower levels. At locations SD-01 and 


SD-02 in the lower sections of the Copicut PCB and other organic 


contamination persists in the upper 0.5 ft of the sediment. Three of the 


four Cornell Pond sediment stations demonstrated PCBs with a high value of 


1,102 ppb at SD-03 which is located at about the center of the pond. At 


sampling locations SD-06 and SD-07 downstream of Cornell Pond and before 


the confluence of the Shingle Island stream, PCBs and other organic 


contaminants in the upper sediment layer are evident. Downstream in the 


Shingle Island stream at sediment sampling locations SD-08 and SD-09, PCBs 


were not detected but other organic contaminants were. 


It is apparent that organic contamination has been and may presently to a 


limited extent be transported from off-site vicinity of the ReSolve site 


via surface water and sediment pathways and/or is pervasive within the 


sediments with no appreciable siltation over the contaminated layers. It 
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TABLE 5i-6 

SEDIMENT ANALYTICAL DATA 


RE-SOLVE SITE 


CDM Sample No. 


243-SD-Ol-OOl 

243-SD-02-002 

243-SD-03-003 

243-SD-04-004 

243-SD-04-005 

243-SD-05-006 

243-SD-06-007 

243-SD-07-008 

243-SD-08-009 

243-SD-09-010 


Sample, 

Type ' 


Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 


Location 


SD-01 

SD-02 

SD-03 

SD-04 

SD-04 

SD-05 

SD-06 

SD-07 

SD-08 

SD-09 


Date 

Collected 


12/11/85 

12/11/85 

12/11/85 

12/11/85 

12/11/85 

12/12/85 

12/12/85 

12/12/85 

12/11/85 

12/11/85 


Total 

PCB's 

(ppb) 


476 

240 

1102 


32 
ND 

ND 

15 


34.2 

ND 

ND 


Total 

Volatile 

Organics 

(ppb) 


ND 

170 

1239 

112 

64 

418 

78 


181.6 

107 

230 


NOTES: 


a. Sample taken in top 0.5 ft of sediment, 

b. As shown in Figures 5-3, 5-4 and 5-5. 
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appears likely tht the transport of organic contaminants to downstream 


areas will continue, especially during high flows. The possibility that 


contaminants could reach Noquochoke Lake cannot be ruled out. 


5.4 WETLANDS CHARACTERIZATION 


5.4.1 INTRODUCTION 


This section provides an assessment of impacts from site contamination on 


the adjacent wetlands and a preliminary analysis of impacts from past and 


proposed remedial activities at the site. The content of this report is 


intended to comply with the EPA guidelines for conducting 


wetland/floodplain characterizations and impact assessments for CERCLA 


activities. 


The following elements are considered in this discussion: 


•	 Wetlands characterization 


•	 Biological characteristics 


Much of the information on drainage characteristics and contamination in 


sediments, surface water and groundwater was obtained from previous field 


studies summarized in the following reports: 


•	 Camp Dresser & McKee Inc. "Remedial Investigation and Feasibility 


Study for ReSolve, Inc. Hazardous Waste Site, Dartmouth, 


Massachusetts." June 30, 1983. 


•	 Camp Dresser & McKee Inc. "Off-Site Remedial Investigation" 


February 1985. 
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5.4.2 IDENTIFICATION AND BOUNDARY DELINEATION 


Wetlands are land areas which, because of their frequent inundation by 


surface or groundwater, can support vegetative or aquatic life requiring 


saturated soil conditions. Examples, include ocean coastlines, salt 


marshes and tidal streams, swamps, marshes, bogs, river overflows, mud 


flats, and natural ponds. 


The wetland areas in the vicinity of the ReSolve site were identified using 


the USGS 7.5-minute topographic map of the Fall River East quadrangle, the 


U.S. Fish and Wildlife Service National Wetlands Inventory map (see Figure 


5-6), and aerial photos taken in conjunction with ground level primary 


field investigation. 


The wetlands discussed in this report cover a broader area than those 


addressed in previous studies. Past reports focused on the wetlands 


immediately north and east of the site, although sediment and water 


sampling was conducted in and near wetlands to the south of the site in the 


vicinity of Cornell Pond. This current study also addresses the wetlands 


south of the site that are in hydrologic connection to those adjacent to 


the site. The purpose of expanding on previous information is to better 


assess the extent of contamination and compare the characteristics of 


various wetland areas. 


Site-specific mapping of wetland areas was completed with a compass and the 


pace method for ground verification of site conditions using high 


resolution color aerial photos. Classification of wetlands was 


accomplished in the field using the methods described in the USFWS manual 


Classification of Wetlands and Deepwater Habitats of the United States 


(Cowardin et al., 1978), which provides for a hierarchal system of wetland 


classification based upon physical and biological parameters. 


The classification of the wetland areas according to the USFWS method is 


shown in Figure 5-6. A total of approximately 350 acres of various wetland 


types (exclusive of the Copicut Reservoir) adjacent to and downstream from 


the site were identified as part of this effort. Field observations were 
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conducted in specific locations to characterize vegetation and general 


conditions in the immediate vicinity of the site. The major wetland 


systems are: POW, PFOl, PFO/SS 1, and LIOW. A discussion of the 


biological characteristics and functional value of these wetland systems is 


presented in the following two sections of this report. 


5.4.3 WETLANDS EVALUATION 


General Wetlands Characteristics 


The area to the north and east of the site consists primarily of wetlands 


that drain the site via both surface water and groundwater. These wetlands 


may be classified as a shrub swamp, comprising such species as: 


• highbush blueberry • red maple 


• sphagnum moss • bur reed 


• sweet pepper • tufted sedges 


• swamp azalea • green briar 


• tupelo 


The wetlands are not attractive to recreational users because they are 


heavily overgrown with scrub and briars. However, they are still 


accessible and of environmental significance. Therefore, from both a 


public health and environmental standpoint, the quality of these areas is 


of concern. 


The wetlands to the north of the site are separated from the contaminated 


lagoons onsite by a disturbed area containing some upland vegetation. The 


lagoon area drains to these wetlands which then discharge to an unnamed 


tributary that flows north and east to the Copicut River. The Copicut 


River is also the discharge point for groundwater which flows in a general 


easterly direction. 


The following sections address existing wetland quality with respect to 


surface water and sediments. 
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Surface Water in Wetlands 


In the CDM February 1985 study, a surface water sampling program was 


implemented to evaluate existing and potential future contamination to area 


surface water bodies, including wetlands. Four sampling locations (C-19, 


C-20, C-21, C-22) were established in the wetland north of the site. 


Grab samples were collected from all locations and analyzed for: 


• Volatile Organic Compounds 


• Refractory Organic Compounds 


• Heavy Metals 


• Oil and Grease 


• Total Halogenated Organic Compounds 


Field measurements were made for temperature, pH, and specific conductance. 


As observed following the first round of sampling conducted in March 1982 


(onsite study), contamination exists in the wetland and the unnamed tribu­


tary, as well as the Copicut River, downstream of the confluence with the 


unnamed tributary. Also, as observed previously, the contaminants consist 


largely of volatile organics, dominated by chlorinated hydrocarbons. 


From the information indicated in the February 1985 investigation the 


wetland north of the site was found to be contaminated with volatile 


organics (Table 5-5), dominated by methylene chloride, observed at station 


C-20 at 7,400 ppb and 1,2-trans-dichloroethylene observed at station C-21 


at 1,700 ppb. The unnamed tributary and the Copicut River were also both 


highly contaminated with volatile organics, dominated by methylene chloride 


(7,100 ppb at Station C-11). 


The current study obtained surface water samples in the western part of the 


wetland at the SW06 location (Figure 5-3) and at the outlet to the wetland 


at SW05, 09, 102, 203, and 303 indicating high levels of TVO (3770 ppb at 


SW06 and >25 ppb at the outlet). Surface water contamination extends from 


the wetland north of the site, the unnamed tributary, and the Copicut River 


to the Copicut downstream of Cornell Pond. Surface water flow from the 
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wetland, groundwater discharge to the unnamed tributary and Copicut River 


and subsequent downstream transport causes extensive contaminant migration 


in the surface water pathway from the site. 


Sediments in Wetlands 


As discussed in Section 5.3, sediment investigations were conducted in 


January 1984 (CDM, 1985) to assess the extent of offsite sediment 


contamination. The results of this investigation were evaluated in 


conjunction with data collected during the 1982 onsite RI to evaluate 


sediment contamination. An additional round of sampling was conducted in 


January 1984 to focus specifically on PCB contamination. 


The sampling locations in the wetland north of the site during the January 


1984 sampling round correspond to the surface water sampling locations 


identified in the CDM February 1985 study. 


As part of the 1985 off-site RI, sampling was conducted at 15 locations in 


the wetland to the north of the site in January 1984. The results 


indicate that the highest concentrations of PCBs occur in this wetland, 


which formerly drained the onsite lagoons, and in the unnamed tributary, 


which drains the wetland. 


All sediment samples were analyzed for the following parameters: 


• Volatile Organic Compounds 


• Refractory Organic Compounds 


• Oil and Grease 


• Total Organic Halogenated Compounds 


• Inorganic Compounds 


The sediments in the wetland north of the lagoons were found to be heavily 


contaminated with nonvolatile organic compounds, dotfiinated by PCB compounds 


(with two observations measuring 60 and 32 ppm of PCB at stations C-19 and 


C-21, respectively) and phthalates (with two observations measuring 720 and 
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21 ppm at stations C-19 and C-20, respectively). In addition, significant 


levels of other extractable and volatile organics were found. 


Specifically, the following was found: 


•	 The entire wetland area north of the site is PCB-contaminated above 


1 ppm to a depth of 1-1.5 feet with only four of 27 samples analyzed 


showing concentrations below 1 ppm. Two locations (SD 53 and 54) 


were sampled over the full 18 inch depth intended. These showed 4.9 


to 10.8 ppm differences in concentrations over the 18 inch depth 


interval. Surface samples showed a maximum of 102 ppm. 


•	 The unnamed tributary is highly contaminated with PCB compounds to a 


depth of one foot approximately 300 feet downstream from the outlet 


from the wetland but is less contaminated 150 feet further 


downstream to the Copicut River. 


In March of 1985 two sediment samples were collected in the top 0.5 ft of 


the wetland at locations SDWl and SDW2 as listed on Figure 5-3. These 


locations correspond to locations 52 and 48 presented in the February 1985 


RI which indicated high PCB contaminant levels in the top 0.5 and 1 ft. of 


the wetland. The contaminant levels indicated in the SDWl and SDW2 and 


presented in Appendix C duplicated PCB levels detected in the previous 


sampling event at levels of 110 and 55 ppm total PCB concentrations. 


In addition, ethylbenzene was detected in the ppm range of the SDWl 


location. Comparison of these two sampling events indicate that high 


contaminant levels exist and are pervasive in the upper layer of sediment 


in the wetland. 


5.4.4 PHYSICAL AND HYDROLOGICAL CHARACTERISTICS 


Results of soil sampling conducted in site work indicate that the sediments 


underlying the site and surrounding areas are stratified sand and gravels 


designated as glacial stratified drift. The glacial stratified drift 


varies between 20 and 30 feet in thickness in the site area. In the 
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wetlands to the north and east of the site an approximate two foot 


thickness of peat overlies the glacial stratified drift. The underlying 


bedrock is comprised of granite and metamorphic rock. 


As discussed in previous reports, the wetland bordering the northern site 


boundary forms the headwaters of an unnamed tributary which flows to the 


southeast, following the contours of the site's northeastern boundary. The 


tributary picks up substantial flow from small, perennially wet areas 


adjacent to the northeastern corner of the site which is downgradient of the 


site's overburden groundwater flow path. Tracing contaminants and surface 


water flow have lead to the conclusion that the unnamed tributary receives 


most of its flow from groundwater rather than from the wetland during a low 


precipitation, groundwater baseflow time period. A limited amount of 


groundwater from the site outflows to the wetland to the north of the site. 


The unnamed tributary joins the Copicut River just past its crossing of the 


Algonquin gas pipeline right-of-way. Carol's Brook also joins the Copicut 


220 feet below its confluence with the unnamed tributary. The Copicut 


River originates north of the site at the Copicut Reservoir and flows south 


through Cornell Pond (located about 1/4 mile south of the site) to the 


Shingle Island River. The Shingle Island River flows into Noquochoke Lake 


which forms the head of the East Branch Westport River at the lake outlet. 


Groundwater flow in the site vicinity is to the east and southeast towards 


the unnamed tributary andd Copicut River. These two water bodies act as 


discharge zones for the overburden aquifer, as evidenced by the lack of 


contamination found in the overburden aquifer to the east of the Copicut 


River. However, contaminants in the bedrock aquifer have migrated to the 


eastern side of the Copicut, indicating that a portion of the contaminants 


in the bedrock aquifer is transmitted beneath the Copicut. 


According to flow measurements taken by CDM in April of 1986, flow 


originating from the wetland accounted for only 4 to 5 percent of the 


tributary flow as it crossed the gas line. As mentioned previously, 


groundwater appears to be a major source of flow in the unnamed tributary. 


The large flow (and large contaminant pickup) observed in this tributary is 
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attributable to groundwater recharge from the site. Because the site is a 


topographic low point, is comprised of medium to coarse sand, and is not 


vegetated, infiltration is maximized and groundwater recharge is 


significant. 


The largest seasonal variation in flow was measured in Carols Brook. 


Measurements were stable during December 1985 and most of January 1986 but 


tripled in mid-April 1986. A similar increase was measured in the Copicut 


River during this time period. Further data was collected before and 


following a rainstorm and thaw on January 19, 1986. Flows in the Copicut 


River increased only slightly from December 23 to January 21 while flows in 


Carols Brook increased 7-fold. The difference may be attributable to flow 


regulation at the Copicut Reservoir. 


5.4.5 BIOLOGICAL CHARACTERISTICS 


Field studies were conducted in July 1986 in order to classify dominant 


vegetative types. A list of species identified in wetland areas adjacent 


to the site is presented in Table 5-7. In addition, a limited sampling of 


fish found in the Copicut River and Cornell Pond was conducted in December, 


1985. Fish captured were analyzed for organic compounds and metals. 


Rare/endangered species 


No rare or endangered species have been reported within a 2-mile radius of 


the site, according to the Massachusetts National Heritage Program 


(Woolsey, 1985). 


Fish Sampling Methods 


Fish sampling was conducted at two stations downstream of the ReSolve site 


(Figure 5-7). Station One was located in the Copicut River, approximately 


100 yards due east of the site where the river intersects the Algonquin 


ROW. Station Two was in Cornell Pond. 
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TABLE 5-7 


FLORAL SPECIES IN THE RE-SOLVE WETLAND AREAS 


COMMON NAME 


white ash 


quaking aspen 


american elm 


juniper 


red maple 


swamp white oak 


white pine 


red oak 


eastern hemlock 


speckled alder 


arrow-wood 


swamp azalea 


greenbrier 


silky dogwood 


grapevines 


LATIN NAME 


Flaxinus americana 


Populus tremuloides 


Ulmus americana 


Juniperis virginiana 


Acer rubrum 


Quercus bicolor 


Pinus strobus 


Quercus rubra 


Tsuga canadensis 


Alnus rugosa 


Viburnum recogni tum 


Rhododendron viscosum 


Smilax rotundifolia 


Cornus amomum 


Vitis spp. 


*Compilation of species for wetland areas based upon field observations 


June-July 1986. 
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TABLE 5-7 (Cont'd) 


FLORAL SPECIES IN THE RE-SOLVE WETLAND AREAS 


COMMON NAME 


sweet pepperbush 


winterberry 


spicebush 


witch-hazel 


brambles 


skunk cabbage 


checkerberry 


sweet fern 


poison ivy 


jewel weed 


Canada mayflower 


tussock sedge 


sphagnum moss 


interrupted fern 


royal fern 


sensitive fern 


marsh fern 


spinulose woodfern 


Indian poke 


LATIN NAME 


Clethra alnifolia 


Ilex verticillata 


Lindera benzoin 


Hamamelis virginiana 


Rubus spp. 


Symplocarpus foetida 


Gaultheria procumbens 


Comptonia peregrina 


Rhus radicans 


Impatiens capensis 


Maianthemum canadense 


Carex stricta 


Sphagnum sp. 


Osmunda claytoniana 


Osmunda regalis 


Onoclea sensibilis 


Dryopteris thelypteris 


Dyopteris spinulosa 


Veratrum viride 
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TABLE 5-7 (Cont'd) 


FLORAL SPECIES IN THE RE-SOLVE WETLAND AREAS 


COMMON NAME 


cat-tail 


rush 


soft rush 


wool glass 


blue flag 


duckweed 


pickerel weed 


umbrella sedge 


vervain 


aster 


gold thread 


LATIN NAME 


Typha latifolia 


Juncus canadensis 


Juncus effusus 


Scirpus cyperinus 


Iris versicolor 


Lemna minor 


Pontederia cordata 


Cyperus diandrus 


Verbena hastata 


Eupatorium spp. 


Coptis Groenlandica 
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Sampling at Station One was conducted on December 12, 1985 using a gasoline 


powered, back pack electroshocking unit. A river length of about 160 feet 


was shocked twice using a voltage of 350v which produced an amperage of 200 


watts. This portion of the river has a width of about 16 feet and an 


average depth of about 2 feet. The fish at this station included; one 


brown bullhead (Ictalurus nebulosus) two eastern brook trout (Salvelinus 


fontinalis), four redfin pickerel (Esox americanus), and four american eels 


(Anguilla rostrata). 


At Station Two (Cornell Pond), a variable mesh gill net 125' long and 6' 


deep was used to sample. The mesh sizes ranged from 1/2" to 1-1/4". The 


net was set in the morning and left overnight, then retrieved the next 


morning. This was done twice, once on December 11, 1985 and once on 


December 12, 1985. The fish caught on the first setting included; two 


chain pickerel (Esox niger), seven yellow perch (Perca flavescens), and 22 


golden shiners (Notemigonus crysoluecas). On the second setting three 


chain pickerel, three brown bullhead, four yellow perch, and 25 golden 


shiners were caught. 


In Appendix C, a list of fish sampling total length frequencies are 


presented which indicate species length and total weight of the unprocessed 


fish of that species in that days catch. Each fish collected was filleted 


with the skin on and composited relative to total weight of sample per 


species. Each of the two separate fillets per fish was wrapped 


individually with aluminum foil and then immediately stored on dry ice. 


Combined fish fillets per fish were then weighed before shipment with the 


individual fillets wrapped in aluminum foil. The fillets were then 


separated for separate organic and inorganic analyses and the combined 


total weight of the sample measured. Table 5-8 presents of list of the 


resulting samples and their weight. 


The fish samples listed in Table 5-8 and in Appendix C (FSOlOOl through 


FS07008) were composited according to species, location, and feeding 


patterns. 


5-38 




TABIE S  ̂  

F I  S TISSUB SAHFIES AN) RESULTS OF (BGANEC ANALITEES 

SAMPLE NO. sm:iKs LOOaiQN 

TOTAL WETGHI 
OF SAMPLE 
(GRAMS) 

BIS (2-EIHYL 
HEXYL)PHIHALTAIE 

ORGANIC COMPOUNDS EEIBCIED 
(ppb) 
1,2,4 TRICHIORO­

ISOPHORONE BENZENE 

AROaOR 
1248 

AROCLOR 
1254 

FSOlOOl Goldai Shiner Compll Pond 240 130 304 

FS02002 Golden Shiner Cornell Pond 260 470JB 330 

FS03003 Brown Bullhead Cornell Paid and 
Copicut River 

101 1100 

t  n 
I 

00 
t  o 

FS04004 

FS05005 

FS06006 

Redfin Pickerel 
American Eel 

Yellow Perch 

Chciin Pickerel 

Copicut River 

Cornell Pond 

Cornell Pond 

74 

94 

244 

1200 78QJ 10,000 

460 

10,000 

401 

590 

FS07007 Chain Pickerel Compl 1 Pond 200 1701 260 

FS07008 Chciin Pickerel Cornell Prnvi 217 390 
(Duplicate) 


Notes; 


The three Eastern Brodc trout caught in the Copicut River were not included due to limited sample size. 


All sample weights include foil wrap. 




Fish Habitat Assessment 


The habitat requirements of the species caught were consistent with the 


habitat observed at the two sampling stations, with the exception of the 


brook trout. Brook trout are primarily insectivorous. They prefer cool, 


fast moving streams. Those caught at Station One may not be year-round 


residents but rather transients from an uncontaminated tributary which 


joins the Copicut River or may also have moved down from an uncontaminated 


segment of the river. 


Brown bullheads are bottom feeding omnivors (utilizing a wide range of food 


substances) which prefer ponds and sluggish streams with muddy bottoms. 


Redfin pickerel and chain pickerel are piscevores and insectivores. They 


are found in small streams, ponds, and marshes. American eels are benthic 


omnivores in streams and ponds, where they mature for between 5 and 20 


years then return to sea to spawn. Yellow perch are omnivorous. They are 


found primarily in ponds and lakes, in which they exhibit schooling 


behavior. Golden shiners are schooling planktonic feeders. They are found 


in weedy ponds, in which they used the weeds for spawning and for cover. 


They are common forage for the larger predatory fish. 


Fish Tissue Assessment 


Results from the laboratory analysis showed that there was <10 ppm total 


volatile organic compounds detected in samples of the surface water. No 


volatile organic compounds were detected in fish tissue. Volatile organic 


compounds are not generally bioaccumulated in tissues and organs, although 


they may have been present at levels below detection limits or lost during 


sample preparation. 


Two semi-volatiles compounds (isophorone and trichlorobenzene), were 


present in the fish samples from the Copicut River and in one golden shiner 


and one chain pickerel sample from Cornell Pond. Isophorone was not 


detected in any surface water, but was found in one sediment sample 


(SD-04). It was also detected in a number of observation wells (FW, JN, 


KS, 04S, 34S, 27D, 30S). Trichlorobenzene was only detected in the 


sediment at Station One in the Copicut River. 
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Limited information is available about isophorone except that it has a high 


water solubility and will remain in solution until removed biologically or 


photochemically. It is not significantly bioaccumulated (U.S.EPA, 1979). 


Trichlorobenzene was found in the fish sample (FS04004) collected from the 


Copicut River at a concentration of 0.78 ppm. This chemical has a high 


potential for bioaccumulation in the lipids and tissues of organisms. The 


level found in the fish captured in the Copicut River suggests some form of 


bioaccumulation is occuring. Both the redfin pickerel and american eel 


feed on other fish species and are therefore higher in the food chain. The 


higher up the food chain a predator is, the more food is required to 


maintain body functions. Therefore, the more an organism eats the larger a 


dose of chemicals it receives. 


One phthalate ester was found in the fish sample from Cornell Pond. This 


compound was not found in the water samples, but was present in the 


sediment samples from the Copicut River and Cornell Pond. Phthalate esters 


do not bioaccumulate in aquatic organisms and are readily broken down by 


aquatic organisms and bacteria. There is also some evidence that phthalate 


esters are produced by some organisms (Autian, 1973). 


PCBs were found in one water sample from Cornell Pond and in sediment 


samples throughout the study area. They are readily adsorbed onto organic 


sediments and suspended particles. These compounds are strongly bioaccumu­


lated and very resistant to biodegradation or breakdown in aquatic 


organisms. The highest levels of total PCBs in the fish samples collected 


were found in the american eel sample from the Copicut River (FS 06004) at 


a concentration of 20 ppm, and in the brown bullhead sample (FS 03003) from 


Cornell Pond, at a concentration of 1.1 ppm. 


The US Food and Drug Administration has set a limit of 2 ppm as the safe 


level for eating PCB contaminated fish. However this level may be changing 


to 1 ppm in the very near future (Kimbal, 1986). Both the american eels 


and brown bullheads favor muddy bottom habitats which are highly contamina­


ted at the ReSolve site. Concentrations of PCBs in the sediment samples 


ranged from 1.5 ppm to 9.9 ppm. Feeding on macroinvertebrates, such as 
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worms and insects, which feed on bottom detritus, the eels and bullheads 


are high on the food chain and have concentration levels of PCB's in the 


tissues, comparable to those levels present in the sediments. The levels 


in these bottom feeders are relatively high, but the levels in the pelagic 


(open water) species were well below the USFDA limit. The pickerel samples 


had total levels between 0.26 ppm and 1.05 ppm, the yellow perch sample had 


a level of 0.40 ppm, and the golden shiners samples had levels of 0.30 ppm. 


These results also exhibit biomagnification. The pickerel, being the 


predator highest on the food chain feeds on shiners and perch. The perch 


feed on shiners and zooplankton, and the shiners feed on insects and 


zooplankton only. Levels detected in the gamefish were below USFDA 


permissible levels, but with further bioaccumulation they could increase 


beyond the USFDA safety levels. 


Fish tissue samples were analyzed for concentrations of 24 metals. Only 


mercury was present in concentration levels above the USFDA limit for safe 


consumption of 1.0 ppm. The mercury concentrations ranged from 0.4 to 4.2 


ppm, although the latter value was found in a duplicate of a sample having 


a concentration of 0.4 ppm, and therefore may be inaccurate. The second 


highest concentration was 2.9 ppm. Bioaccumulation of mercury occurs in 


aquatic organisms through direct absorption from the water and through 


ingestion of animals lower in the food chain. (USDC, 1979) 


5.4.6 WETLANDS FUNCTIONAL VALUE 


Water Quality 


Surface water contamination attributed to the site is limited for the most 


part to the wetland north of the site, the unnamed tributary, and the 


Copicut River downstream from the unnamed tributary. 


The unnamed tributary contributes significantly to the offsite transport of 


contaminants via surface water. From the data presented, doubling of flow 


in this tributary results in approximately a thousand-fold increase in the 


contaminant transport rate. At the wetland outlet, total volatiles ranged 


from 8 ppb to 38 ppb during four sampling rounds with trans-1,2-dichloroe­
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thane predominating. At the Algonquin ROW, total volatiles ranged from 


2,238 ppb in November 1985 to 3,969 in November 1986. 


PCBs were also detected in the surface water at the wetland outlet. Data 


suggest they were not dissolved, but were adsorbed onto silt, clay or 


anthropogenic materials collected incidental to surface water sampling. 


However, these data still indicate that PCBs are being transported out of 


the near-field study area by surface water streams. 


Sediment Quality 


Concentrations of volatiles, phthalates and PCBs are highest in the area of 


the wetlands on the northern site boundary and the unnamed tributary and 


decrease with distance from the site, according to the initial 1982 onsite 


sampling program. The Copicut River did contain substantial volatile 


organic contamination but did not demonstrate PCB contamination. Carols 


Brook was contaminated with both PCBs and volatiles through most of its 


length according to 1982 data. These 1982 data were confirmed in the 1984 


NUS offsite study (CDM, 1985). PCBs are also found in sediments of Cornell 


Pond. 


The major conclusion that may be drawn from most recent data is that 


organic contamination continues to be transported from the vicinity of the 


ReSolve site associated with organic particulate matter in stream sediment. 


Volatiles contamination is still associated with the sediment but at less 


signfleant levels than previously measured. Transport of contaminated soil 


via surface runoff does not appear to pose a problem due to the on-site 


excavation patterns and high infiltration rates in the sandy soil. 


Wetlands Flood Storage Capacity, Recharge, Discharge, Low Flow Modulation 


Wetlands to the north and east drain the site vicinity via surface water 


and groundwater. As previously described, these wetlands discharge into 


the unnamed tributary of the Copicut River. Flow studies suggest that this 


wetland area supplies only 4 to 5 percent of the flow in this tributary. 
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Aesthetic, Recreational, Education Value 


The wetlands to the immediate north and east of the site are relatively 


inaccessible due to the preserve of catbriar and areas of standing water. 


It is possible to walk across some wet areas of the wetland where sphagnum 


moss is thick but, because of the surrounding catbriar, public access would 


be difficult. Therefore, use of this area as a recreational resource is 


probably very limited. Because of its proximity to the site, some members 


of the New Bedford Rod and Gun Club may venture into the northern section 


of the wetland. The aesthetic value of the north and east wetlands is also 


limited because of the dark orange-colored water. 


5.5 FLOODPLAIN ASSESSMENT 


Floodplains are relatively flat areas or lowland adjoining the channel of a 


river, stream or water course that have been or may be covered by 


floodwater. 


Based upon flood-plain maps provided by the Federal Emergency Management 


Agency (FEMA), the site itself is not subject to flooding. Site elevations 


are up to 10 feet higher than surrounding areas and consist of sandy, 


well-drained soils. 


The area to the north and east of the site is a wetland and is prone to 


flooding. Local flooding was observed on numerous occasions while site 


investigations were being conducted especially during the April 14, 1984 


monitoring period listed in the February 1985 CDM report. The water level 


in the wetland north of the site fluctuates with precipitatioh periods. 


Water also ponds regularly along the power line right-of-way between the 


unnamed tributary and Carol's Brook during wet periods at SB 901 and 902 


locations. A surface soil sample taken at SB 902 indicated low levels of 


contamination. 
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Flooding can result in the transport of contaminated soils and sediments to 


areas outside of the stream channels where they become available for direct 


contact after flood waters recede. There is also the potential for 


exposure to contaminated water at the surface that has ponded as a result 


of flooding. 
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6.0 RESIDENTIAL WELLS 


6.1 INTRODUCTION 


Between 1985 and 1986, a total of 56 residential wells have been sampled by 


the U.S. EPA as part of this Remedial Investigation (RI) for the ReSolve 


site. These wells, which are located within approximately a one mile 


radius of the site, derive their water from the overburden and bedrock 


aquifers. Of the 56 residential wells sampled, 14 have shown low level 


organic contamination. In addition, four wells were found to contain 


inorganic lead in excess of the EPA's maximum contaminant levels (MCLs) 


allowed in drinking water supplies. 


It is EPA policy to sample wells repeatedly before conclusions are drawn as 


to the origins of contamination and the contaminant levels to be used for 


determining risks associated with the consumption of the water. This is 


done to observe seasonal flucuations of the concentration of contaminants 


and to confirm the results which approach analyzing instrumentations 


detection limits. Although there were three sampling rounds, (1) November 


1985 - January, 1986, (2) March, 1986 - May, 1986, (3) November 1986, there 


was little repetition of contaminants from one well to the next, even when 


residences are located in close proximity to one another and wells are of 


similar depths. 


Three sources of residential well water quality information were available 


for use in this study: 1) the results of sampling and analysis conducted 


by EPA as part of the 1985-1986 Supplemental RI program, as mentioned above 


2) the results of analysis conducted in conjunction with the Phase II, 


off-site investigation completed in February of 1985, and 3)-the Phase I, 


on-site investigation completed in 1983. 


Contaminant concentrations associated with individual wells are discussed 


in Subsections 6.4 and 6.5. Figure 6-1 shows the locations of residences 


sampled as part of this RI. A public health evaluation of the compounds 


detected in the wells is presented in Section 8.0. Appendix D contains all 


6-1 






of the analytical results of the samples collected from the residential 


wells. 


6.2 DEPTH OF WELLS 


The depths of the wells sampled range from hand dug wells of 9 feet to 15 


feet to drilled wells with maximum depths of 525 feet. Thus, groundwater 


is derived from the surficial and bedrock aquifers. Information on well 


depths was obtained from interviews with residents. 


In the vicinity of the ReSolve Site, the geology is such that as compounds 


infiltrate the groundwater aquifers they may reach a bedrock fracture, which 


may result in their being transported long distances from the site. On the 


other hand, contaminants in the overburden are more susceptible to dilution 


and adsorption within the soil matrix and are generally not transported as 


far. Also overburden wells (shallow wells) are inherently more susceptible 


to surface spills. If this was a source of contamination, it would be more 


likely to effect an overburden well than a bedrock well. If a shallow well 


is located far from a site and has been found to contain contaminants, then 


contamination from a localized source may be a possibility. Consequently, 


the effect of a pollutant source on a well is dependent upon its distance 


from a source, its depth and the geology of the area. 


While the presence and concentration of contaminants is affected by the 


generalities expressed above, the actual transport of the chemicals within 


the overburden or bedrock aquifers is largely subject to horizontal or 


vertical hydraulic gradients within the aquifers. Also the contaminant's 


transport, dispersion and diffusion characteristics within the aquifer are 


largely dependent on its chemical properties, characteristics of the soil 


matrix and extent of the fracture of the bedrock, in addition to the 


hydraulic pressures or gradients driving the contaminants downgradient 


within the overburden and bedrock aquifers. 


It should be noted that, unlike monitoring wells, there are many unknown 


residential well construction details, i.e. depth of seals and screens and 


in bedrock wells, and the location and form of fractures from which the 
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water is withdrawn. Therefore, the depth from which water is actually 


obtained may not be the depth to which the well was drilled. 


6.3 POTENTIAL OFFSITE CONTAMINANT SOURCES 


Any assessment to attribute contamination to sources other than the ReSolve 


site needs to be based on knowledge of the direction of groundwater flow, 


type of contaminant, depth of well, location of potential off-site 


contaminant sources; such as auto salvage yards, underground abandoned 


gasoline tanks, and backyard spills; distance from the site, information 


gathered in the field through observation and interview with residents and 


sampling procedures. This type of background information was utilized in 


the evaluation of the analytical data. However, without further 


investigation into the potential localized sources and geohydrology in the 


near vicinity of each well, a definitive determination as to the origin of 


contamination associated with the individual private wells cannot be made. 


6.4 HISTORICAL DATA 


Six private wells along North Hixville Road and Old Fall River Road were 


sampled by DEQE December 10, 1981. It was reported that there were no 


violations of the National Primary Drinking Water Standards maximum 


contaminant levels (MCLs). In January 1983, EPA sampled five private wells 


tested by the DEQE plus the well PW-48. The analytical results showed that 


well PW-48 contained 6.1 ppb trichloroethylene and 2-hexanone was 


identified below the analytical detection limit. No organic contaminants 


were detected in the other wells. 


According to the Off-Site Investigation Report completed in ,1985, six 


private wells (PW-01, PW-14, PW-15, PW-36, PW-42 and PW-48) were sampled. 


Methylene chloride and trichloroethylene were identified below analytical 


detection limits at PW-14 and PW-48 respectively. No lead was detected in 


any well during this sampling. 
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6.5 CURRENT DATA 


In evaluating the data and for record-keeping purposes, individual wells 


were organized based on their proximity to one another and to the site. 


This resulted in four groups which are shown in Table 6-1. Group 1 includes 


wells which are located north of the site on North Hixville Road. Group 2 


includes wells which are located east and southeast of the site along 


Collins Corner Road and Old Fall River Road. Group 3 wells are located to 


the south of the site along Reed Road and Hixville Road. Group 4 wells are 


located to the southwest of the site along North Hixville Road and Old Fall 


River Road (west of its intersection with North Hixville Road). In the 


following sections, the concentrations of contaminants detected are 


presented along with a discussion of the possible causes of contamination. 


The discussion includes information such as the depth of well, distance from 


the site,other known potential contaminant sources and specific chemical 


properties of the contaminants which indicate their mobility. 


6.5.1 GROUP NO. 1 


The seven wells in this group are located north of the site. All seven 


wells are upgradient of the site, in other words groundwater is generally 


moving away from these wells towards the site. As shown in Figures 4-3 and 


4-4, the groundwater from the site is generally moving to the east and 


southeast. Refer to Section 4.0 for a detailed discussion of the site 


hydrogeology. Of the seven wells, three (PW-03, PW-25 and PW-48) showed 


organic contamination. One well (PW-03) also contained the inorganic, lead, 


at higher than U.S. EPA National Primary Drinking Water Standards maximum 


contaminant level (MCL). The contamination in these wells is not likely to 


have originated from the site, because they are upgradient wells. However, 


since PW-48 has had a history of contamination, is approximately 200 feet 


from the site and is very deep, the potential for contamination via the site 


exists. 


Well PW-03, which is 12 feet deep, was sampled three times, November 14, 


1985, March 28, 1986 and November 18, 1986. In the first round it contained 


28 ppb of 2-Butanone (methyl ethyl ketone) and a trace (detected below the 
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TABLE 6-1 


RESIDENTIAL WELLS SAMPLED 


Group 1 Well Depth (feet) 


PW-2 

PW-3 12 

PW-7 40+ 

PW-8 88 

PW-25 

PW-35 

PW-48 268 


Group 2 


PW-46 203 

PW-41 525 

PW-18 

PW-13 

PW-39 

PW-19 

PW-58 50 

PW-40 120 

PW-23 25 

PW-32 9 

PW-33 

PW-34 

PW-47 +180 

PW-24 180* 

PW-38 

PW-22 50-100* 

PW-31 

PW-30 

PW-20 

PU-29 175 

PW-21/PW-57 160* 

PW-56 10-12 

PW-36 220 

PW-15 110 

PW-28 110 

PW-12 

PW-37 

PW-17 

PW-10 

PW-01 

PW-14 • 10 


Notes: 


See Figure 6-1 for sampling locations. 

Well Depths obtained from resident interview by EPA's contractor. 

- :unknown depth 

* :artesian well 
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TABLE 6-1 (Cont'd) 


RESIDENTIAL WELLS SAMPLED 


Group 3 Well Depth (feet) 

PW-11 50-60 
PW-04 15 
PW-52 
PW-53 300 
PW-50 110 
PW-42 155 
PW-54 85 
PW-51 284* 
PW-55 28 
PW-60 20-25 
PW-59 * 

Group 4 

PW-09 
PW-26 24 
PW-05 25 
PW-49 +47 
PW-43 
PW-44 90 
PW-45 90 

Notes: 

See Figure 6-1 for sampling locations. 
Well Depths obtained from resident interview by EPA's contractor. 

- :unknown depth 

* :artesian well 
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EPA contract required detection limit (CRDL's)) of tetrachloroethylene 


(perchloroethylene). In the second round, neither compound was detected. 


In the third round, tetrachloroethylene was detected below the analytical 


detection limit. This last value is highly suspect due to the very low 


level laboratory reading below 1 ppb and could not be confirmed. The 


chemical compound 2-butanone is used as a solvent in introcellulose coatings 


and vinyl films, in paint removers and in cleaning fluids. The compound 


tetrachloroethylene is commonly used as a dry-cleaning solvent, a 


vapor-degreasing solvent and a drying agent for metals. Lead was also 


detected in the well at a value of 61 ppb which is greater than the MCL of 


50 ppb. It also exceeds the proposed maximum contaminant level goal (MCLG) 


of 20 ppb. (Refer to Section 6.7 for an explanation of MCLs and MCLGs). 


There is an auto salvage yard located upgradient of the well which is a 


potential source of contamination. 


Well PW-25, which is of unknown depth, was sampled three times, on December 


15, 1985, March 28, 1986 and November 18, 1986. No contaminants were 


detected during the first sampling round. It contained an estimated 27 ppb 


of n-nitrosodiphenylamine in the second sampling round but nothing was 


detected in the third round. N-nitrosodiphenylamine is used to accelerate 


the hardening of rubber during its production. It is suspected that this 


sample was cross-contaminated during the second round, when on-site soil 


samples were collected which were found to contain n-nitrosodiphenylamine 


(120 ppb). N-nitrosodiphenylamine was not detected in any on-site or 


off-site observation well. 


Well OW-48, which is 268 feet deep, was sampled once, January 16, 1986. It 


contained a trace of di-n-butylphthalate. Di-n-butylphthalate is widely used 


as a plasticizer. It was found on site at a maximum concentration of 260 


ppm at SB-02, 560 ppm at TP-01, and detected in on-site well 0W-30S at 34 


ppb. This well also showed 6 ppb trichloroethane and a trace of 2-hexanone 


in the on-site RI and a trace of trichloroethane in the off-site RI. 


Well PW-07 contained an estimated 31 ppb of lead which exceeds the 20 ppb 


MCLG for lead. 
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6.5.2 GROUP NO. 2 


Thirty-one wells located downgradient, to the southeast and east of the 


site, were sampled. The Copicut River has characteristics of a hydraulic 


boundary in regards to groundwater flow. Consequently, the overburden 


contaminant migration plume discharges, almost entirely, into the Copicut 


River and the Unnamed Tributary which is also in the path of the plume. 


Therefore, flow is mostly east into the Copicut River and then south. 


Contaminants in the bedrock aquifer do not entirely discharge to the 


Copicut as illustrated by contaminant detection in observation wells W6D 


and W4D and south of Carol's Brook in W-5D. Due to the flow direction 


patterns, the wells to the southeast of the site are considered to be 


directly downgradient of the site and the wells to the east of the site are 


not considered directly downgradient. Of the 31 wells, five (PW-13, PW-15, 


PW-29, PW-30, PW-47) showed organic contamination. Two wells (PW-01 and 


PW-28) contained lead at higher than the MCL for lead. Since these wells 


are located downgradient of the site, they can potentially be effected from 


site contamination. 


Well PW-13, which is of unknown depth and located 2,500 feet east of the 


site, was sampled once on November 22, 1985. It contained a trace of phenol. 


Phenol was detected in on-site soil at maximum concentrations of 9.3 ppm 


(SB-29) and 63 ppm (TP-01). The well OW-DE was reported to have a concen­


tration of 120 ppb and the off-site observation well 0W-W5D contained 5 ppb. 


Well PW-15, which is 110 feet deep and located southeast of the site, was 


sampled twice on November 22, 1985. It contained a trace of phenol in one 


sample, and in the duplicate sample nothing was detected. 


Well PW-29, which is 175 feet deep and approximately 2,000 feet southeast of 


the site, was sampled three times, December 5, 1985, May 8, 1986 and November 


18, 1986. It contained 6 ppb 1,2-dichloroethane in the first round and 


nothing was detected in the two subsequent rounds. The contaminant 1,2­

dichloroethane was found in on-site soil at maximum concentrations of .84 ppm 


(SB-22) and 300 ppm (TP-02), but not detected in any on-site or off-site 


observation wells. 
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Well PW-30, which has an unknown depth and is located approximately 2,000 


feet to the southeast of the site, was sampled four times, December 5, 


1985, May 8, 1986 and November 18, 1986. In the first round it contained 5 


ppb benzene in one sample and a trace of benzene in the duplicate sample. 


In the second round, nothing was detected and in the third round a trace of 


1,1,1-trichloroethylene was reported below the requested 1 to 2 ppb detect­


ion limit. This last value is highly suspect due to the very low level 


laboratory reading below 1 ppb and could not be confirmed. Benzene was 


found in on-site soil at maximum concentration of .1 ppm (SB-22) and 1,700 


ppm (TP-03), detected in on-site well SB-30 at 1,000 ppb and not detected 


in any off-site observation well. The contaminant 1,1,1-trichloroethylene 


was found in on-site soil at a maximum of 56 ppm (SB-31) and not detected 


in any on-site observation well but was detected off-site in observation 


wells 0W-W6D at 400 ppb and 0W-W4D at 3 ppb. 


Well PW-47, which is 180 feet deep and is located approximately 3,900 feet 


southeast of the site, was sampled once on December 20, 1985. It contained 


7 ppb di-n-Octyl phthalate. Di-n-Octyl phthalate was found in on-site soil 


at a maximum of 2.2 ppm (SB-25) and was not detected in any on-site 


observation well. 


The wells PW-01 and PW-28 showed 108 ppb and 241 ppb of lead respectively. 


These concentrations exceed the MCL for lead which is 50 ppb. Also the 


wells PW-10 and PW-29 contained an estimated 26 ppb and 22 ppb of lead 


respectively which exceeds the proposed MCLG of 20 ppb. 


6.5.3 GROUP NO. 3 


There are 11 wells located to the south of the site and group-2 wells along 


Reed Road and Hixville Road which is over 0.5 miles downgradient of the 


site. Of these, three wells (PW-04, PW50, PW-51) showed organic 


contamination. One well (PW-11) contained lead at higher than the MCL. 


Although they are over a half mile away, because they are downgradient 


bedrock wells, a potential exists for contamination via the site. Since 


contamination in the wells are relatively immobile extractables and over 


0.5 miles from the site, this possibility is very remote. 
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Well PW-04, which is a hand dug, 15 foot well and located approximately 


2,600 feet south of the site, was sampled twice, November 14, 1985 and 


March 27, 1986. It contained a trace of 1,1,1-trichloroethane in the first 


round and nothing was detected in the second. The compound 


1,1,1-trichloroethane is a common solvent for cleaning precision 


instruments, metal degreasing and textile processing. 


Well PW-50, which is 110 feet deep and located approximately 4,300 feet 


south of the site, was sampled twice, March 26, 1986 and November 18, 1986. 


It contained an estimated 31 ppb n-nitrosodiphenylamine, a trace of 


di-n-butylphthalate and a trace butylbenzylphthalate in the first sampling 


round but nothing was detected in the second sampling round. The 


n-nitrosodiphenylamine is suspected to be due to cross-contamination during 


the second round, when on-site soil boring was conducted the same week as 


the private well sampling on soil containing n-nitrosodiphenylamine up to 


120 ppb. Butylbenzylphthalate was found in on-site soil at a maximum of 2.0 


ppm (SB30) but was not detected in any observation wells. Well-51, which is 


284 feet deep and located approximately 3,900 feet from the site, was 


sampled once, March 26, 1986. It contained a trace of butylbenzylphthalate. 


These are the farthest residential wells from the site that were sampled. 


They contained butylbenzylphthalate which is the least soluble and has the 


largest soil sorption coefficient of the compounds detected in the 


residential wells. A localized spill area was identified in the vicinity of 


these wells but none of the compounds found in the wells were detected in 


the spill area. The phthalates found in the wells are widely used as 


plasticizers and may be a field contaminant from rubber gloves routinely 


worn during sampling. 


Well PW-11 contained 106 ppb of lead which exceeds the MCL for lead of 50 


ppb. Also, PW-04 contained an estimated 31 ppb lead which exceeds the 


proposed MCLG. 
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6.5.4 GROUP NO. 4 


The seven wells in this group are located to the southwest of the site are 


not downgradient of the site. Three of these, (PW-26, PW-44 and PW-49) 


were contaminated. PW-26 is a 24 foot deep well which was drilled 4 feet 


into the bedrock, PW-44 is a 90 foot deep well which is cased to rock, and 


PW-49 is approximately 50 feet deep. The contamination in these wells is 


not likely to have originated from the site, because they are not 


downgradient of the site. 


PW-26 was sampled three times, December 5, 1985, March 8, 1986, and 


November 18, 1986. It contained 9 ppb of benzene in the first round and no 


contaminants were detected in the subsequent rounds. Well PW-44 was 


sampled three times, December 12, 1985, March 8, 1986 and November 18, 


1986. It contained a trace of toluene in the first round. In the second 


round it contained 180 ppb (estimated value) methylene chloride. This 


value is most likely overestimated due to laboratory blank contamination. 


In the third round, 1.6 ppb carbon disulfide was detected. However, this 


value is highly suspect due to the very low level detected. PW-49 was 


sampled once, November 16, 1986. It contained a trace of chloromethane. 


Toluene is a common solvent for paints, gums, oils and rubbers and is a 


gasoline additive. 


PW-49 and PW-44 are upgradient 700 and 200 feet respectively, from an 


underground gasoline tank on the property where well PW-43 is located. 


While this tank could be a source of contamination, well PW-43 did not 


contain any contaminants. 


6.6 DIFFERENCES IN ANALYTICAL RESULTS 


When low levels of contamination are detected in residential wells the 


factors described below could lead to inconsistencies in the results. 


Residential wells may have been in use before samples were obtained, i.e. 


washing machines or showers, which could in turn effect the sampling 


results. Heavy use by a resident will purge the well and may result in 
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different concentrations than if the well had remained inactive other than 


running the tap immediately prior to sampling. 


An examination of the groundwater elevations collected from monitoring 


wells from November 26, 1985 until April 16, 1986 indicate there were no 


significant general changes, i.e. all of the wells did not indicate a 


dramatic seasonal change in the groundwater table. However, on an 


individual basis, fluctuations were recorded as much as 0.8 feet. 


Therefore even though the groundwater table stays at a fairly constant 


level, fluctuations on an individual basis were noted and such fluctuations 


in turn may effect sampling results. 


6.7 DRINKING WATER STANDARDS/CRITERIA 


Enforceable drinking water standards, referred to as Maximum Contaminant 


Levels (MCLs), have been developed by EPA under the Safe Drinking Water 


Act. They apply to all public water supply systems and, as a matter of 


policy, CERCLA also uses them for other drinking water exposures, i.e. 


individual water supply systems. MCLs are based upon health effects data, 


existing treatment technology, risk analysis and economic factors. The 


calculation of health effects are generally based upon lifetime exposure to 


the contamination for a 70 kg (154 pound) adult who consumes 2 liters (0.53 


gallons) of water per day. A margin of safety is included in each of the 


health standards. The total environmental exposure to contaminants 


was generally considered in calculating specific MCLs. EPA estimated the 


amount of the substance to which the average person is likely to be exposed 


from all sources (air, food, water, etc.), and then determined the fraction 


of the total intake from drinking water. EPA is also developing Maximum 


Contaminent Level Goals (MCLGs), formerly RMCLs, for drinking-water based 


entirely on health considerations. Also, additional criteria is available 


such as the Clean Water Act, Water Quality Criteria and Health Advisories. 


Contaminant levels detected in each well have been compared to the above 


described applicable and relevant criteria, advisories and guidance. 
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In an evaluation of inorganic compounds, four wells (PW-01, PW-03, PW-11, 


PW-28) were found to contain lead in excess of the EPA's maximum contamina­


nt levels (MCLs) allowable in drinking water supplies. However, elevated 


lead levels are commonly due to naturally occurring lead in the soil, 


corrosion of lead piping and connections, residues from lead paints or a 


combination of these and other sources. Most commonly, elevated lead 


levels are associated with older houses containing lead plumbing, particu­


larly in areas having soft acidic water, (Federal Register, Wednesday, 


November 13, 1985). Other inorganic compounds were below MCL values. 


The organic compounds; tetrachloroethylene, benzene, 1,2-dichloroethane, and 


n-nitrosodiphenylamine; were present in residential wells in concentrations 


which exceeded EPA Water Quality Criteria (refer to Table 6-2). This table 


only presents compounds which have exceeded EPA standards and criteria. 


Tetrachloroethylene, 1,2-dichloroethane, and n-nitrosodiphenylamine were 


each detected in one well, where as benzene was detected in two wells. The 


remainder of compounds present in wells were either detected in concentra­


tions below criteria levels or there are no criteria levels for that 


particular compound. The health risks presented by these contaminants are 


evaluated in Section 8.0 of this report. 


6.8 CONSTITUENT PROPERTIES 


Table 6-3 presents the specific chemical properties of the constituents 


detected in the residential wells. Phenol, with a solubility of 93,000 


mg/l, is the most soluble organic contaminant found in the wells and is 


considered soluble in water (Hawley, 1981). Because of its solubility, it 


is very mobile. A review of the solubilities and soil adsorption 


coefficients indicate that the extractable compounds tend to .adhere to 


soils and are less mobile than the volatiles. 


6.9 SUMMARY AND CONCLUSIONS 


Between 1985 and 1986, a total of 56 residential wells were sampled by the 


U.S. EPA as part of the Remedial Investigation (RI) for the Re-Solve site. 


Fourteen wells have at some point shown low level organic contamination. 
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TABLE 6-2 

RESIDENTIAL WELL CONTAMINANT CONCENTRATIONS 
WHICH EXCEED CRITERIA/STANDARDS 

COMPOUND WELL CRITERIA/STANDARDS 

MAXIMUM 
LEVEL DETECTED 
IN WELL (PPB) 

Organics 

Tetrachloroethylene PW-03 
a 

MCLG=0 TR 

Benzene PW-26 
PW-30 

Proposed MCL =5 ppb 

1,2-dichloroethane PW-29 Proposed MCL"=5 ppb 

N-ni trosodiphenylamine PW-25
PW-50

 Clean Water Act, Water 
 Quality Criteria for 

human health — adjusted 
for drinking water 
only (7.0 PPB)*^ 

3V 

Inorganics 

Lead PW-01 
PW-03 
PW-11 
PW-28 

MCL=50 PPB 108 
61 
106 
241 

NOTES: 


TR trace (detected below EPA CRDL's) 


a = Maximum Contaminant Level Goal 

b = estimated value 


c = 10 carcinogenic risk level 


d = Maximum Contaminant Level 


All wells were sampled after removing any filters which are normally used 

by the resident. 
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TABLE 6-3* 


SBanc(^maLmsEKnssaeamtimmjsvaniwvEsnstt iMLVEiis 

Group Well 
Nuiiber 

PW-03 

PW-25 

PW-48 

PW-13 

PW-15 

PW-29 

PW-30 
I—* 


PW-^7 

PW-04 

PW-50 

PW-26 

PW-51 

PW-44 

PW-49 

NOTES: 


— Indicates no


Ettstance liquid Soil Sorption 
Well From Site SolubiUty Density Viscosity Coefficient 

Depth ( f t ) (ft) Contaminant Detected (ng/1 @ 20°-25°C) (g/ml) (centiposes) (Koc) 

12 500 2-Butanone 
Tetrachloroethylene 165 1.62 .90 360 

Ihknown 400 N-Ni trosodiphaiyl ami ne — — — 2,690 

268 200 Di-n-Butylphthalate 13 1.38 21.50 1,000 

Ihknown 2,500 Phenol 93,000 1.06 3.49 16.2 

110 2,000 Phenol 93,000 1.06 3.49 16.2 

175 2,000 1,2-Dichloroethane 8,690 1.24 0.84 16.6 

Uhknown 2,200 Benzene 1,780 0.88 0.65 74.2 

180 3,900 Di-n-Oc tylphthal a te 3 — — 2,400 

15 2,600 1,1,1-Trichloroethane 720 1.34 0.90 174 

110 4,300 Butylbaizyl Phthalate 2.9 1.14 45.13 200,000 
N-Ni trosodiphaiylamine — — — 2,690 
Di-n-Butylphthal a te 13 1.38 21.50 1,000 

24 1,600 Benzene 1,780 0.88 0.65 74.2 

284 3,900 Butylbenzyl Phthalate 2.9 1.14 45.13 200,000 

90 2,000 Toluene 535 0.87 0.59 339 

47 1,800 Methylaie Chloride 17,000 1.33 0.45 10 
Chloromethane 6,850 0.92 0.36 4.9 

 available data. 

* Arthur D. Little, Inc., 1981. 




The contaminated wells are both shallow and deep and scattered in the vicinity 


of the site. Of the 56 wells sampled reported depths were obtained for 35. 


Of these 35, 25 are deep wells and 10 are shallow, based on classifing any 


well over 40 feet as deep. Identifying trends or patterns in the contamina­


tion of the residential wells is difficult. About 32% of the wells reported 


to be deep and 30% of the wells reported to be shallow were contaminated at 


some time during the sampling conducted as part of this Remedial Investigation. 


Table 6-4 shows all wells which contain organic constituents. As can be seen, 


there is little repetition of contaminants from one well to the next. The 


compounds benzene and phenol were found most often. Each compound was 


detected in two wells. Phenol was detected in two Group 2 wells where as 


benzene was found in a Group 2 well and a Group 4 well. The well showing the 


highest level of organic contamination was PW-03, located to the northwest or 


upgradient of the site. 


As part of the Public Health Evaluation (refer to Section 8.0), the exposure 


to contaminated residential well water was examined based on the health 


indicator compounds. The following is the summary of the evaluation. 


The absence of detectable levels of all but one of the human health indicator 


chemicals suggests that, based on current data, site-related contamination has 


not significantly affected downgradient residential wells. The downgradient 


private wells were considered to be PWOl, PW14, PW20-PW23, PW37, PW40, and 


PW56.) The observed lead levels in the downgradient wells also do not indi­


cate the presence of extensive or dangerous contamination originating from the 


ReSolve site, due to the distribution and levels of lead found in these wells. 


The current quality of drinking water in private wells downgradient from the 


ReSolve site is not considered to have been noticeably affected by 


contaminants originating from the site. As a result, potential risks to 


residents using well water downgradient of the site will not be evaluated in 


this PHE. If, however, additional information indicates the presence of 


site-related contamination in these wells or a clearly migrating plume of 


contamination, the potential for human health effects due to contaminated well 


water should be re-evaluated. 


6-17 




TUBLE 6—4 

BCSZDeilTIAL HELLS SB3WIWJ

SE-SOLVE SITE 

 OCWEMONMirS 

Contain nant 

Voiaci ies 

Frequency 

o« 

Detect ion ' 

PW-03 

11/14/8S 3/28/86 11/18/86

PW-04 

 11/14/85 3/27/85

FW-29 

 12/5/85 5/8/86 11/18/86

PW-2S 

 12/5/85 5/8/86 1/18/86

PW-30 

 12/5/85 5/8/86 11/18/86 12/12/85 5/8/86 11/18/86 11/16/85

PW-13 

 11/22/85

PW-15 

 11/22/85

PW-47 

 12/20/85

PW-48 

 1/16/86 3/26/86 11/18/86

PW-51 

 3/26/86

PW-JS 

 12/5/85 3/28/86 11/18/86 

2-ButAnone 

T«tr«chioro«thyl«a« 

1 , l , l -Tri .chioro«ch4ne 

1.i-DichLoro«chan« 

Benzene 

Toluene 

C^loromet.^ane 

.".ethylene QiLoclde 

Carbon Disulf ide 

of 

ot 
of 

of 

o f 

of 

of 

of 

of 

5« 

5< 

56 

56 

56 

56 

56 

56 

56 

28 ND 

ND 

6.0 SD ND 

9.0 ND ND 5( *) ND 

ND ND 

ND 

Extractables 1 of 56 

Phenol

DL-i>-octylphthAl«t«

Oi-n-butylphthalate

N-aitroso4iphenyIaiiine

Butylbenzylphthalate

 2 of 56 

 1 of 56 

 2 of 56 

 2 of 56 

 2 of 56 

MND) 

rro 
ND 

ND 

27­

«l

b)

cl

d)
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7.0 AIR INVESTIGATION 


7.1 INTRODUCTION 


As part of the on-site Remedial Investigation (RI) for the Re-Solve Inc. 


Site, documentation of air quality to ensure the health and safety of 


off-site receptors, in addition to standard health and safety protocol to 


protect on-site workers, was considered to be an integral part of the 


overall site investigation. An analysis of air quality is critical because 


on-site RI activities may result in the incidental release of levels of 


volatile organic chemicals or respirable particulates which could pose a 


health and safety threat to off-site residences. 


Previous air quality investigations at the Re-Solve Inc. Site were 


performed by CECOS and the Army Corps of Engineers as well as the (NUS/FIT) 


team during on-site remedial excavation/removal activities between 


September 1984 and May 1985. 


Previous on-site waste characterization revealed volatile organics and 


PCB's (as Arochlor 1254) to be the predominant on-site soil contaminants. 


This section summarizes the results of a site perimeter air monitoring and 


sampling program conducted at Re-Solve Inc. Site on Thursday, November 8, 


1985. The air monitoring program was conducted to assess the levels of 


off-site migration of airborne particulates and volatile organics 


associated with on-site drilling and soil sampling activities. 


7.2 VOLATILE ORGANICS SAMPLING 


7.2.1 OBJECTIVE AND SCOPE 


Sampling for volatile organics was conducted in order to determine the 


impact of on-site remedial activities (borehole drilling and soil sampling) 


on ambient air at the site boundary. Outside of implementation of remedial 


actions such as excavation of contaminated soils and sludges, borehole 


drilling and soil sampling is considered to pose the greatest potential for 
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releases of volatile organics in the soil to on-site and off-site ambient 


air. Data generated would be used to document that on-site, borehole 


drilling and soil sampling activities would not violate appropriate health 


and safety standards developed to be protective of the general public 


(off-site). 


7.2.2 VOLATILE ORGANICS SAMPLING METHODOLOGY 


Volatile organics sampling was conducted using 3 x V2-in. glass tubes 


containing approximately 1-2 grams of 60/80 mesh tenax support and 


approximately 1-2 grams of fine mesh coconut-base charcoal separated by 


glass wool. Both ends of the tube contained a stainless swagelock fitting 


with teflon ferrule and end cap. Each tube was N2-purged at 300°C for 2 


hours and QC checked for volatile organic contamination by the CLP 


contractor laboratory to insure contamination free tubes before shipment. 


Volatile organic sampling was performed at the perimeter fenceline at the 

locations designated in Figure 7-1, Air Monitoring Locations. Sampling 

tubes were connected by Tygon tubing to SKC Aircheck I sample pumps and 

calibrated to desired flow rates using a Gillian Buck Flow Calibrator. The 

tubes were sampled using the tenax portion as the primary sorbent and 

charcoal as a backup. Upon completion of sampling, all flow rates were 

verified to be within +5Z of the initial flow rates (60-70 cc/min.). For 

sampling times and volumes refer to Table 7-1, Volatile Organics Sampling 

Summary. 

The tenax/charcoal tubes were analyzed by a CLP contractor laboratory using 


thermal desorbtion-GC/MS. The samples were screened for the approximately 


30 volatile organic compounds as defined by EPA method 624 (see Table 7-5) 


plus an additional ten (10) tentatively identified compounds. Instrument 


detection limits were on the average of 50 nanograms (ng) which equates to 


air concentration compound detection limits in the range of 1-5 parts per 


billion (ppb) based on the air volumes collected. The results were 


presented by the laboratory as ng compound/sample. Table 7-2 Volatile 


Organics Results Summary, contains a listing of compounds detected at each 
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TABLE 7-1 

VOLATILE ORGANIC SAMPLING SUMMARY 
11/8/85 

Average Sample Volume 
Sampling Time Flowrate at (STP)> 

Sample Code Sample Locat: ion* (min) (1/min) (liters) 

243-AO-OOl 1 403 .062 24.7 

243-AO-002 2 383 .059 22.3 

243-A0-004 4 392 .057 22.1 

243-AO-004-DUP 4 364 .062 22.3 
(Duplicate) 

243-A0-005 5 365 .061 21.9 

243-A0-006 6 420 .063 26.1 

243-AO-007 7 374 .061 22.5 
(Background) 

243-AO-OOO-FB 
(Field Blank) 

*Figure 7-1 

1. Standard Temperature and Pressure (25 C and 29.92 in Hg). 

7-4 




TABLE 7-2 

VOLATILE ORGANICS RESULTS SUMMARY 
11/8/85 

Sampling 
Location Target Compounds Detected' Concentration 

A 
TLV-TVA^ 

5 
AAQS 

1 Trichlorofluoromethane^ 
1,1,1-Trichloroethane 
Tetrachloroethylene 
Toluene 
Total xylenes 

3 
0.6 
0.33 

1 
0.5 

ppb 
ppb 
ppb 
ppb 
ppb 

1,000 ppm 

100 ppm 

47.6 ppb 
2.7 ppb 
13.6 ppb 

2 Toluene^ 1 ppb 13.6 ppb 

4 (DUP) Trichlorofluoromethane 
1,1,1-Trichloroethane 
Trichloroethylene 
Tetrachloroethylene 
Toluene 
Total xylenes 

11 
3 

0.9 
5 
2 
1 

ppb 
ppb 
ppb 
ppb 
ppb 
ppb 

1,000 ppm 

100 ppm 

47.6 ppb 
7 ppb 

2.7 ppb 
13.6 ppb 

4 1,1,1-Trichloroethane 
Trichloroethylene 
Tetrachloroethylene 
Toluene 

0.44 
0.3 
0.5 
0.9 

ppb 
ppb 
ppb 
ppb 

47.6 ppb 
3.4 ppb 
2.7 ppb 
13.6 ppb 

5 Trichlorofluoromethane 
1,1,1-Trichloroethane 
Trichloroethylene 
Tetrachloroethylene 
Toluene 
Total xylenes 

5 
0.6 
1 
1 
1 

0.7 

ppb 
ppb 
ppb 
ppb 
ppb 
ppb 

1,000 ppm 

100 ppm 

47.6 ppb 
3.4 ppb 
2.7 ppb 
13.6 ppb 

6 Toluene 1 ppb 13.6 ppb 

7 Toluene 2 ppb 13.6 ppb 

1.	 Greater than detection limit. 

2.	 All trichlorofluoromethane levels should be treated as highly suspect due 


to prolonged storage times and blank contamination. 

3.	 All Toluene levels estimated due to blank contamination. 

4.	 Threshold Limit Value-Time Weighted Average established by the American 


Conference of Governmental Industrial Hygienists for an average 8-hour 

workday. 


5.	 Proposed DEQE 24-hour ambient air quality standard. 
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sampling location. For QA/QC purposes, the laboratory supplied surrogate 


recoveries, spike recoveries and lab blank water analyses. 


7.3 PARTICULATE MONITORING 


7.3.1 OBJECTIVE AND SCOPE 


Due to the extent and levels of PCB contamination in the soils at the 


Re-Solve Inc. Site as well as its low vapor pressure (VP) and strong 


affinity for soil particles, particulate monitoring was conducted at the 


site perimeter as a surrogate measure of off-site migration of PCB 


contaminated particulates. Because of its physical and chemical properties 


this would represent the greatest threat of chronic or acute exposure to 


PCB's for off-site receptors during on-site remedial activities. Off-site 


migration could occur from wind-blown deposition of surface soils or newly 


exposed sub-surface soils contaminated with PCB's. 


An extensive air monitoring program for ambient PCB levels was conducted at 


the Re-Solve Inc. Site by the Army Corps of Engineers during on-site 


remedial excavation/removal of contaminated soils between September 1984 


and May 1985. 


Of the total suspended particulate (TSP) in ambient air only a small 


fraction is considered respirable (0.1 to 10 microns). This fraction of 


the TSP would represent the ambient air suspended particulate fraction 


which would possess the greatest potential for acute or chronic exposure to 


PCB contaminated dusts for off-site receptors. 


7.3.2 PARTICULATE MONITORING METHODOLOGY 


Particulate monitoring was performed using a GCA Miniram Model PDM-3 


airborne particulate monitor and a GCA PDL-1 Data Logger. The Miniram 


utilizes a pulsed GaAlAs light emitting source which continuously senses 


the combined scattering from the population of particles present in its 1 


cm^ sensing chamber. The Miniram has been designed for preferential 


response to particle sizes in the range of 0.1 to 10 micrometers which 
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represents the normal distribution of man-made and naturally occurring 


particles as well as the respirable fraction of TSP in ambient air. The 


Miniram was zeroed before entering the field and equipped with an optional 


sunshield (GCA Model PDM-SNS) to protect the sensing elements from 


excessive ambient light fluctuations. 


The GCA PDL-1 Personal Data Logger is a single-channel analog data unit 


compatible with the Miniram. A two-point calibration of the input signal 


was performed prior to entering the field. The PDL-1 was programmed to 


record start time, test duration, elapsed time, overall minimum 


concentration (mg/m^), time minimum occurred, overall maximum concentration 


(mg/m^) time maximum occurred, overall average, short term exposure limit 


(STEL) and time STEL occurred. Particulate monitoring was performed at the 


perimeter fenceline with the PDM-3 supported on a portable tripod in the 


breathing zone (5 ft.) at the location designated in Figure 7-1. Refer to 


Table 7-3 for specific results. 


7.4 METEOROLOGICAL MONITORING 


7.4.1 OBJECTIVE AND SCOPE 


On-site meteorological determinations were performed at the Re-Solve Inc. 


Site in order to determine upwind and downwind orientation of the site 


perimeter air monitoring locations. Meteorological monitoring was 


performed two (2) days prior to the air sampling for the initial 


determination of the perimeter air sampling network design. Meteorological 


monitoring was performed during the air sampling to evaluate the placement 


of the air sampling locations. 


7.4.2 METEOROLOGICAL DETERMINATION METHODOLOGY 


A Climatronics Model EWS weather station was used to record on-site 


meteorological conditions prior to and during sampling. A Rustrak 


strip-chart recorder was connected to the EWS to record temperature, wind 


speed and wind direction on a continuous basis. The EWS was placed on-site 


(see Figure 7-1) to monitor at ten feet above open grade. The strip chart 
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TABLE 7-3 


PARTICULATE MONITORING SUMMARY 

11/8/85 


Start Time: 10:35:00 


Test Duration: 5:59:59 


Elapsed Time: 5:44:16 


Overall Minimum: 0:0 mg/m' 


Minimum Occurred: 12:22:57 


Overall Maximum: 0.42 mg/m^ 


Maximum Occurred: 12:17:09 


Overall Average: 0.04 mg/m^ 


NAAQS': 150 ug/m 3 


1. (mg/m^) - Milligrams per cubic meter. 


2. National Ambient Air Quality Standard for "PM^^Q" (<10 microns dia.) 
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data was sent to Evirodata Inc. for digitized averages of each measurement 


parameter. Refer to Table 7-4 for specific results. 


7.5 AIR MONITORING RESULTS 


Based on average wind direction during sampling, Westerly (270), volatile 

organics (VO) sampling Station No. 4 and 5 were designated as the primary 

downwind locations and VO sampling Station No. 6 as the primary upwind 

location. VO analytical results (Table 2) showed S t a t i o n s 4 and 5 to have 

the highest levels of detectable compounds and Station 6 to have the lowest 

(i.e. not detected) along with Location 7. Location 7 was situated 75-100 

meters off-site close to the nearest residence, and served as the off-site 

background station. Good correlations in compounds detected were exhibited 

at Stations 4 and 5 indicating proper monitoring placement to measure 

maximum downwind concentrations. These results along with small 

fluctuations in wind direction (203-336) would indicate the contaminant 

plume to be tightly dispersed with a downwind impact in the general 

direction of west to east over the site during sampling. 

Only those contaminants that were above the detection limits are reported 


in Table 7-2. All concentrations of the VO contaminants detected were 


found to be below the Proposed DEQE 24-hour Ambient Air Quality Standards 


(AAQ's) with the exception of tetrachloroethylene at Station 4. These 


proposed standards are being developed to be more stringent measures to 


protect the health and welfare of the general public. Where Proposed AAQ's 


have not been established for specific compounds detected, ACGIH TLV-TWA 


standards have been used as a guideline for allowable levels. In general, 


VO levels were at or close to the detection limits for the individual 


contaminants. Comparison of the contaminant levels at the perimeter 


sampling stations with the background station (Station 7), indicates that 


some volatile contaminants were one order of magnitude above background at 


the site perimeter. This indicates the s i t e a s t he source of the 

pollutants. For example: at downwind Station 4, tetrachloroethylene 

measured 5 ppb and at background Station 7 was not detected (DL = 0.33 

ppb). Comparisons of volatile organic contaminants found in this study to 

a similar study conducted by NUS/FIT (TDD No. F1-8410-20) and the EPA, 
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TABLE 7-4 


METEOROLOGICAL SUMMARY 

11/6/85-11/7-85 


Meteorological 
Station Parameter Low High Average Total Hours 

Wind Direction 
(degrees) 

203 336 272 26 

Wind Speed (mph) 1.6 9.0 4.7 26 

Temperature ("F) 47.3 59 53 26 

Additional Observations: 	 Clear, sunny, 55% Relative Humidity, large 
portions of site underwater due to heavy 
rainfall earlier in the week, soil conditions 
soggy, no observable dust levels. 
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showed similarities in ambient air volatile compounds detected. Most 


prevalent were toluene, xylene, tetrachloroethylene, and 1,1,1-trichloro­


ethylene. 


QA/QC results for the volatile organic analysis showed acceptable spike 


recoveries (80-100%) for the majority of the 30 Priority Pollutant Volatile 


Organics as well as acceptable surrogate recoveries for all samples (>90%). 


No contaminants were detected in the lab blank water analysis. The field 


blank contained suspicious levels of toluene and especially trichloro­


fluoromethane. Because of this, all toluene results are estimated and 


trichlorofluoromethane results are treated as highly suspicious due to the 


fact that this could be contamination from storage under refrigeration. 


The front section (tenax) and back section (charcoal) of the volatile 


organic sampling tubes were not analyzed separately. The relative 


concentrations detected along with the breakthrough volumes of tenax and 


charcoal for the majority of the volatile organics indicate that no 


breakthrough occurred on any samples. 


The downwind particulate monitor measured a maximum level of 0.42 


milligrams/cubic meter (mg/m^) and an average of 0.04 mg/m^. Using the 


maximum PCB concentration detected in on-site soils (36,000 ppm) at 


location SB-25N, the maximum possible PCB concentration in air would be: 


0.42 mg/m^ x 0.036 = 0.015 mg/m^. This value is well below the ACGIH 


TLV-TWA occupational standard of 0.5 mg/m^ (aroclor 1254). Although no air 


standard for PCB's exists, the State of Pennsylvania recommends a "chronic" 


annual air guideline for PCB's as 0.18 ug/m^ (0.00018 mg/m^). Although the 


calculated surrogate level (0.015 mg/m') is in excess of this guideline at 


the fenceline boundary, simple dilution in air as off-site migration occurs 


would in all likelihood reduce this value below the 0.00018 mg/m' 


guideline. In addition, this standard is an annual value which because of 


changing wind direction and other climatologlcal variations are lower than 


a 24-hour or 8 hour standard. The average value of 0.04 mg/m^ was well 


below the 24-hour PM..p. average of 150 ug/m^. Although the sampling times 


for volatiles and particulates were approximately 7 hours, the 24-hour 


averaged values would in all likelihood not be significantly greater. 
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These measured values represent the peak values for the day (measured 


during on-site activities) and are therefore comparable to established and 


proposed 24-hour AAQS to protect the general public. 


Due to on-site conditions during this survey, e.g. soggy topsoil, large 


formations of water, and moderate temperatures (50 F), particulate and 


volatile organic emissions would be suppressed. Since particulate and 


volatile organics levels would most likely be higher when on-site soil 


conditions are dry and the temperatures elevated (80-90 F), additional 


particulate monitoring and volatile organic sampling is recommended during 


implementation of remedial actions to determine ambient contamination 


levels during these "worst-case" scenarios. This would include on-site 


monitoring to identify point source material as well as perimeter 


monitoring. 


Although the ambient dust levels measured would not indicate a PCB hazard 


for off-site receptors, particulate collection and subsequent analysis for 


presence of PCB's is highly recommended during on-site remedial actions 


involving soil-disturbing activities, especially during drier conditions. 
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TABLE 7-5 


VOLATILE PRIORITY POLLUTANT COMPOUNDS 

EPA METHOD 624 


CHLOROMETHANE 


BROMOMETHANE 


VINYL CHLORIDE 


CHLOROETHANE 


METHYLENE CHLORIDE 


TRICHLOROFLUOROMETHANE 


1,1-DICHLOROETHYLENE 


1,1-DICHLOROETHANE 


TRANS-1,2-DICHLOROETHYLENE 


CHLOROFORM 


1,2-DICHLOROETHANE 


1,1,1-TRICHLOROETHANE 


CARBON TETRACHLORIDE 


BROMODICHLOROMETHANE 


1,2-DICHLOROPROPANE 


TRANS-1,3-DICHLOROPROPYLENE 


TRICHLOROETHYLENE 


DIBROMOCHLOROMETHANE 


1,1,2-TRICHLOROETHANE 


BENZENE 


CIS-1,3-DICHLOROPROPYLENE 


2-CHLOROETHYL VINYL ETHER 


BROMOFORM 


TETRACHLOROETHYLENE 


1,1,2,2-TETRACHLOROETHANE 


TOLUENE 


CHLOROBENZENE 


ETHYLBENZENE 


DICHLOROBENZENE 
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8.0 HIBLIC HEAIJH EVALUATION 


8.1 mTRODUcnaj 

This section is a bciseline public health evaluation (PHE) t h a t forms part of 

the EPA remedial investigation/feasibility study (RI/FS) for the Re-Solve site 

in North Deirtniouth, Massachusetts. The EHE assesses the potential risks to 

public hecilth and the environment associated witJi exposure to contaminants 

from the Re-Solve site in the absence of remediation. This assessment is 

based on the sampling data summarized in earlier sec::rt:ions of this report and 

on information provided in the Draft Off-Site Remedial Investigation Report 

(CCM 1985). 


The initial s t ^ in this eissessment is to identify a subset of chemicals found 

at the site that poses the greatest potential health or environmental risks. 

Then the potentizG. pathways of exposcccB to these contaminants are described, 

and the potentiad effects of exposure to these compounds on human health, 

welfare, and the environment are examined under current land use conditions 

and under future-use scenarios. This allows for an evaluation of t±ie 

potential risks associated with the site and surrounding areas in the absence 

of remediation, both with eind without institutional controls on future use and 

development of the site. 

8.2 SEIECirOJ OF CHEMICALS FOR ASSESSMENT 


The data presented in preceeding sections of this report and in the Draft 


Off-Site Remedicil Investigation R^»rt (CEM 1985) indicate the continuing 


presence of a large nuniber of contaminants in groundwater monitoring wells, 


surface water, sediments, and soils at or near the Re-Solve-site. Since more 


than 50 chemiceil compounds have been measured, a subset of chemicals that are 


considered likely to contribute most to risk at the site has been selected for 


evaluation in this IHE. These chemicals cire referred to as indicator 


chemicals. lhe coirpounds of greatest concern because of their effects on 


humans are referred to as human health indicator chemicals, while those of 


most concern because of their effects on freshwater aquatic life are called 
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aquatic life indicator chemiceils. The procedure used to select the human 


health indicator chemicals has been recommended by EPA's Office of Emergency 


and Remedial Response and delineated in EPA's Draft Superfund Public Health 


Evciluation Manual (EPA 1986a). The aquatic life indicator chemicals were 


selected based on a qualitative evaluation of their reported concentrations, 


relative toxicities, and other factors, including tiieir prevalence and 


persistence. 


In the initial selection process for human health indicator chemicals, a 


toxicity score was ccilculated for each chemical in each medium by multiplying 


the representative concentration by a medium-specific toxicity constant 


provided in the Hffi manucil.̂  VJhen a chemiced Wcis found in more tiian one water 


medium (e.g., surface water and groundwater), the Hffi manual recommends using 


only the hi^est water concentration in calculating the toxicity score for 


that chemical. The soil-specific toxicity factor was applied to both soil and 


sediment data collected in the site area. Similarly, the highest 


concentration from these two sairple data sets for each chemical was used to 


calculate the soil toxicity score. 


The chemiccils eire ranlced accortiing to these indicator scores. Carcinogenic 


and noncarcinogenic effects are scored separately. Therefore, some 


contaminants have two ranks, one based on their potential carcinogenic effects 


and the other on their nonccircinogenic effects. The indicator scores for 


potential carcinogens and noncarcinogens are not directly ccnparable, and the 


HIE manual reoanmends selecting scans contaminants from each class for further 


evaluation. 


^The cierivatian of the toxicity constants is described in the FHE manual 

(EPA 1986a). These toxicity constants, T, etre medium specific (i.e., for 

drinking water, edr, and soils). The toxicity constants for noncarcinogens 

are derived from the minimum effective dose (MED) for chronic effects, a 

severity of effect factor, and standard factors for body wei^t and oral 

inhalation intake (e.g., 70-kg body weight, 2 liters/day of drinking water, 20 

cubic meters/day of edr). Toxicity constants for potenticil carcinogens are 

based on the dose at v4iich a 10% incremental carcinogenic response is observed 

(EDio) and the same standard intake and body wei(^t factors. The intake 

factor for soil toxicity constants is based on an assunption of 100 milligrams 

of soil consumed per day for 2- to 6-year-olds. 
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For the selection of indicator chemicals, saitple data collecrted by Cairp 


Dresser & McKee, Inc. (CCM) in 1985 and 1986 were used to represent present 


levels of contamination at and near Re-Solve site. 


The levels of contamination used in the indicator chemiccil selection process 


were based on sanples collected from within the general area bounded by North 


Hixville Road to the west, the wetland to the north, Ccpicut River to the 


east, cind Carol's Brook to the south. This saiiple area was considered to 


provide an accurate indication of the extent and magnitude of site-related 


contamination. 


The geometric means of concentrations in each medium were used in the 


selection process. Gecmetric means were calculated from samples in which 


contaminants were measured, as well cis samples in vAiich contaminants were not 


present at levels above the detection limits. One-hcilf of the detection limit 


was used for eill of the "nondetec±" samples.^ 


Gecmetric statistics were used based on the observation t±iat txace 


environmentsil contamincints usually follow a log normcil distribution (Dean 


1981). If dtplicate saitples were collected and analyzed, the mean 


concentration for both sairples was used in calculating the overall geometric 


mean for that dhemicail. 


8.2.1 HUMAN HEAIHH INDICATOR CHEMICALS 


Contaminants in Groundwater and Surface Water 


Table 8-1 sunnarizes the frequency of detection, the range of detected 


concentrations, and the gecmetric mean concentration for all of the chemicals 


^If for the samples in viiich a contaminant was not detected the stated 

detecrtion limits were used in calculating a geometric mean, the geometric mean 

could be biased i:prfcird and as a result be over-conservative. If, however, the 

samples in which a contaminant was not detected were treated as zeros, the 

estimated gecmetric mean could underestimate the potential level of 

contamination. Use of one-half the detection limit was thus considered to 

provide a reasonable approach for calculating geometric mean concentrations. 
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TABLE 8-1 

RE-SOLVE SITE 


SUMMARY OF SURFACE WATER AND GROUNDWATER DATA 

NOVEMUER/DECEMBER 1985 SAMPLXNU PERIODS 


c,uourn)\;ATE» DATA (n) 

cinriicAi. (CA.S IK) . ) rreqiiency 
(b) 

Concentration li.Tnp.e 
of D<;l;oct< :!cl Saiiple.-s 

(ppl-") 

Geometric Mean 
Concentration 

(ppb^ (c) 

0> 
I 

Acetone(67-64-1) 
Alutninli»n(7429-90-5) 
Ars(!nlc( 7440-38-2) 
Barii*n(7440-39-3) 
Uenzyl nlcohol(100-51-6) 
Beryl I lnin( 7440-41-7) 
His(2-oU»ylliej:yl)phthalate(117-01-7) 
Caflmi urn( 7740-39-3 ) 
Cnlcli»n( 7440-7O-2) 
ChloroeUwne (75-00-3) 
Chl orof orrnC 67-66-3) 
Chromlum(67-66-3) 
Colialt(7440-48-4) 
Copvier( 7440-50-8 ) 
Dl-n-Butyl-PhOialate(84-74-2) 
1,2-Dlchlorobenzene{95-50-l) 
1,4-DIch1orobonzene(106-46-7) 
1, l-»Ichloroetlwr»e(75-34-3) 
1 , l -DlchloroeUiylene{75-35-4) 
t rans-1 .2-Dichloroc thylene(156-60-5) 
D Ichlorone Uiane ( 75-09-2) 
DloMiyl p t j tha la te (8a-6-2) 
2,4-mme Oiy lphenol (105-67-9) 
E tliy Ibenzene (10O-41-4) 
Iron(7439-80-6) 
Isoi)lK)rone(70-59-l) 
Uad( 7439-92-1) 
Maf5»eslnin( 7439-95-4) 
Kanf.ar le.'ie (7439-96-5) 
Me rctiiy (7439-97-6) 
MeUiyl o thyl l:etone(70-93-3) 
Methyl Isobutyl ke tone(108-10- l ) 
2-MoIhy1phenol(95-40-7) 
4-MoU)vl pi lenol (106-44-5) 
Na(>hlhaleno(91-20-3) 
nickel(7440-02-2) 

e/27 
23/27 
lG/27 
17/27 
?/27 
lG/27 
3/27 
13/27 
27/27 
3/27 
2/27 

22/27 
12/27 
lG/27 
3/27 
4/27 
3/27 
9/27 
5/27 
23/27 
5/27 
0/27 
2/27 
12/27 
26/27 
7/27 
ia/27 
27/27 
2G/27 
3/27 
P/27 
7/27 
3/27 
3/27 
6/27 
14/27 

11 ­
824 ­
5 ­

101 ­
2 ­
3 ­
3 ­
5 ­

1,120 ­
790 ­
110 ­
13 ­
21 ­
23 ­
2 ­
2 ­
1 ­
7 ­
29 ­
1 ­

6ai ­
2 ­
2 ­
1 ­

1,740 ­
7 ­
13 ­
70G ­
23G ­

0.16 ­
lO ­
40 ­
8 ­
2 ­
4 ­
29 ­

37,000 
152,(XX) 

148 
798 
78 
43 
7 

724 
67,200 
2,600 
190 
221 
402 
458 
34 
19 
12 

3,700 
1,0(X) 

83,000 
le.lXX) 

9 
4 

1,300 
293,000 

440 
1,120 
27,2t)0 
20,700 

0.8 
62,000 
6, OCX) 

93 
14 
22 
202 

7, 

9, 

• 

36 

4 
2 

25 
,840 

0 
168 
2 
5 
2 
8 

,856 
10 
4 
31 
34 
34 
4 
3 
3 
10 
6 

274 
9 
3 
3 
19 

,800 
5 
31 

,250 
,940 

0 
21 
12 
5 
2 
6 
38 

Frequei"cy 

(b) 


3/2.̂  

11/12 


12/22 


2/12 

12/12 

6/22 


0/12 


7/22 


14/22 


3/22 

12/12 


2/12 

12/12 

12/12 


SURFACE WATER DATA (a) 

Concentration RanRe 

of Detected 


(ppb) 


93 ­
15 ­

6.4 ­

3.8 ­
1,430 ­

8 ­

4 ­

3 ­

15 ­

3 ­
132 ­

6.2 ­
069 ­
30 -


Sainples 


1,300 

272 


23 


5.1 

6,444 


90 


8 


475 


2,000 


58 

7,436 


6.5 

2,040 

2,353 


Gecjmetric Mean 

Concentration 


(ppb) (c) 


9 

108 


10 


3 

3,110 


0 


5 


5 


43 


3 

1,370 


3 

1,3(X) 

466 




TADLT; 0-1 (Cont 'd) 

GI«XJIlI)V/ATEn DATA (a) SURFACE V/ATER DATA (a) 

CirJlICAL (CAS 110.) Frequency 
(b) 

Concentration RanRe 
of Detected Sanples 

(ppb) 

Geometric riean 
Concentration 

(ppb) (c) 

Frequency 
(b) 

Concentration Ranpe 
of Detected Sanples 

(ppb) 

Geonetric Mean 

Concentration 
(ppb) (c) 

Polychlorinated biphenyls (PCBs) 
11ienol(10fl-95-2) 
Po taas I uiii( 7440-00-7) 
Selenlv»rt( 7702-49-2) 
Snvop(7440-22-4) 
Socllii(n(7440-23-5) 
TetrnchloroeOiylene(127-18-4) 
Tin(7440-31-5) 
Toluene(100-00-3) 
Total xylene.s 
1,2,4-Trlchlorobenzcne(120-fl2-l) 
1 ,1 , l -Trichloroet lMne(71-55-6) 
Tr ichloroethylene(79-Ol-6) 
Vanad l«Jin( 7440-62-2 ) 
Vinyl ch lor ide(75-01-4) 
Zlnc(7440-66-6) 

8/27 
3/27 
7/27 
5/27 
4/27 

3/27 
10/27 
10/27 
13/27 
13/27 
16/27 
13/27 
20/27 
16/27 
15/27 
11/27 

13 

4 ­
22 ­

660 ­

3 ­
6 ­

,800 ­
3 ­
17 ­

2,2 ­
21 ­
1 ­
6 ­
5 ­

21 ­
1 ­

229 ­

1,200 
120 

12,200 

3 
6 

60,300 
14,000 

336 
33,000 
6,700 
230 

35, (XX) 
50,000 

404 
8000 
1,320 

3 
3 

2,640 

2 
5 

3,200 
01 
23 
81 
43 
8 
44 
236 
45 
61 
49 

2/15 
2/15 
10/12 

12/12 

11/22 
5/22 

7/22 
10/22 

9/22 
0/12 

0.52 ­
4 ­

816 ­

4,120 ­

2 ­
5 ­

16 ­
2 ­

1 ­
4 ­

1.2 
18 

1,990 

7,404 

280 
330 

440 
460 

350 
45 

0.3 
5 

1,460 

5,100 

12 
5 

0 
0 

13 
12 

(a)

(b)

(c)

 Hnsed on srxnpleG c o l l e c t e d from \ / i th in the Renoral area bounded by Copicut River, 
Car-ol'.s Brool;, tlie vwtland.o to the nor th of the .s i te , and TJorth Hixv i l l e Road. 
Data a n a l y s i s \inri performed by an EPA-approved con t rac t l a t )o ra to r / . Sevrnple r e s u l t s 
have; mot V.VA v n l i d a t i o n rcquiretnent-s. 

 thiiiter of .noinpler. in v;hich contoriinant was detected divided by the t o t a l number 
of smnples. 

 llTĵ ed on sairples in which contaniinarit was de tec ted and in which contaminant wan not de tec ted 
( i . e .  , bolov tlio de tec t ion l i m i t ) . In ca lcu la t in r , the geoiiiotric mean, one-lialf of the 
d c l c c t i o n l i m i t was used for samples in wliich the contaminant was not de t ec t ed . 

file:///inri


that were detected more than once in groundwater wells and surface water 


within the site-related sample area. Data from upgradient and background 


sanple locations have not been included in the table in order to keep the 


analysis representative of site cxDnditions. Residential well (3ata have not 


been included sinc:e there are not believed to be any site related contaminants 


in these wells (see Section 8.3.2). It should be kept in mind throughout this 


report that the groundwater and surface water sanples used to evaluate 


exposures and risks were not filtered prior to cinalysis. As a result, the 


listed (concentrations may represent contaminants adsortsed to sediments in the 


saitple cis well as contamincints actually dissolved. An ancilysis of the limited 


number of filtered surfac:» water and groundwater sairples (X)lle(rted at the site 


indicates that the unfiltered sanple <3ata may overestimate filtered water 


concentrations by less than a fac±or of two to a factor of ten depending upon 


the specific chemical cind specific saitple examined. Table 8-2 presents the 


greater of the geometric mean (X)n<::entration from groundwater or surface water 


for each (chemical and, v*iere available, the water ingestion toxicity constants 


from the FHE manual. The chemicals in this table are ranked according to 


their toxicity scores for both potenticil carcinogenic effects and 


nonccircinogenic effects. The chemicals for vrtiich no toxicity constants were 


available are listed at the bottom of Table 8-2. 


Five human heedth indicator chemicals were selected on the basis of their 


potenticil carcinogenic effects. Four of the selected (chemicals (arsenic, 


tetra(diloroethylene, trichloroethylene, cind vinyl (chloride) were measured in 


15 or more of the total 27 groundwater saitples colle(cted in the general site 


area. PCBs were detected in 8 of 27 groundwater samples. Although the 


measured PCB concentrations are suspect, for reasons that are described below, 


PCBs were selected as a human heeilth indiccator chemical because they are known 


to have been disposed of at the site. The two remaining ccstpounds ranked as 


potential carcinogens (1,1-dichloroethylene and chloroform) were not selected 


because they were detected in five or fewer saitples. 


In this FHE, "PCBs" refers to the mixture of PCB congeners (Aroclors 1242, 


1248, and 1254) found at the site. The detected PCB concentrations in the 


unfiltered groundwater sairples shown in Table 8-1 ranged frcm 4 to 1,200 ppb. 


However, the water solubilities of Aroclors 1242, 1248, and 1254 are estimated 
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by Mackay et al. (1983) to be 400 ppb, 200 ppb, and 60 ppb, respectively. The 

fact that the measured groundwater levels greatly exceeded the estimated PCB 

congener solubilities indicates that scsm suspended sediments, to which PCBs 

strongly a(dsorb, were present in the unfiltered saitples. 

Three additional chemicals (cadmium, trans-1,2-dichloroethylene, and lead) 


ranked on the basis of their noncarcinogenic effects were selected. Of the 


remaining chemiccals that were ranked based on their non(carcinogenic effects, 


10 were not selected as indi(cator (chemicals because they were deteccted in 


fewer than 6 groundwater saitples. 


Of the other inorganic ccstpcunds that eire naturally occurring, two, barium and 


nicckel, were ranked high among the (chemicals for noncarcinogenic effects. 


Barium was deteccted in over 11 saitples (collected from groundwater and from 


surface water. Nickel was deteccted in 14 of 27 groundwater sairples. In 


addition, the maximum deteccted (concentrations of barium (798 ppb) and nickel 


(202 ppb) in grouncawater were (greater than the maximum concentrations observed 


in the three background groundwater wells (275 ppb and 114 ppb, 


respectively). Despite these factors, neither barium nor nickel were selected 


as human health indicator (chemicals for several reasons. Neither inorganic 


(cotrpound is associated with the PCBs, oils or solvents known to have been 


processed at the site. The gecmetric mean groundwater (concentrations from 


within the general site area (168 ppb and 38 ppb, respectively) were below the 


c±)served background levels. (Because of the small ba(ckground sample size, a 


statisti(cal test of significcance for the (iifference between site groundwater 


(contamination levels and background groundwater (contamination levels could not 


be conducted.) Fincilly, the toxicity factor for nickel is known to be 


incorrec± and, x*tien revised, it will Icwer nicckel's overall ranking. 


The rest of the chemicals listed in Table 8-2 were not sele(cted for further 

analysis beccaiose of their relatively 1CM (concentrations, low frequency of 

detection (e.g., less than five sanples in vAiich the contaminant was 

dete(cted), Icwer toxicities (based in part on structure-activity 

considerations), or a ccMibination of these factors. 
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Contaminants in Soils and Sediments 


Table 8-3 lists the frecjuency of detection, the range of detected 


(Concentrations and the geometric mean con(centration for all of the chemicals 


iteasured in soils and sediments within the general site-related saitple area. 


The soil saitples that were (considered for this data summary (consisted of those 


collected at the surface cind at the most shallcw saitpling level for eacch soil 

boring l(xation. The data, are summarized in Table 8-3. 

Table 8-4 lists the hi^est gecanetric mean concentration from soils or 


sedjjnents for ea<ch chemical and, viiere available, the soil toxicity constants 


frcm the EHE manual. As with the (chemicals detected in groundwater and 


surface water, these chemiceils are ranked acxcording to their toxicity scores 


for both potenticil ccircinogenic effeccts and noivcarcinogenic effects. The 


nonranked chemicals cire eilso listed at the bottom of the table. 


No acJditional chemiccads were sele(cted as indicator ciiemicals beised on the 


ranking for (contaminated soils and sediments. Four of the nine chemicals 


rcinked on the basis of their potenticil (carcinogenic effects were already 


selected as human heeilth indicator (chemicals based on their presence in 


groundwater and surface water. Four of the other chemicals (4,4'DDD, 


chloroform, l,l,2-tri(Chloroethane and benzene) were not selected be(cause they 


were measured infrequently (i.e., in fewer than ei^t of the saitples 


collected) and were present at lower levels in soils on site. The remaining 


(Chemical, bis (2-ethylhexyl)phtheilate weis detected in 29 of the 51 soil sairples 


but was not detected in the sediments or the surface water. It was not 


selected as em indicator (chemical since it is not believed to be site related 


and is not widely distributed in all of the environmental media at the site. 


Six of the chemiceils ranked on the beisis of their noncarcinogenic effects were 


also selected in the previous secction. Of the remaining chemicals that were 


not selected but remked h i  ̂ on this list, beirium is not kncwn to be a major 


site-related (contaminant eind it is not considered to be toxic to huittans at the 


levels measured. Selenium, ed.thou^ dete<cted in seeiiments, was not detected 


in any of the on-site soil saitples considered. Mercury was detected in all of 
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TABLE 8-3 

HE-SOLVE SITE 


SUMMARY or SOIL AND SEDIMENT DATA 

OCTOBER/NOVEMBER 1985 SAMPLING PERIODS 


CID:IITCAL (CAT; I D . ) 


Acetoi»e( 6 7 - 6 4 - 1 ) 

A l i j i ( i ln lun(7429-90-5) 

A r s e n i c ( 7 4 4 0 - 3 8 - 2 ) 

R-»rli«n{7440-39-3) 

B e n z e n e ( 7 1 - 4 3 - 2 ) 

Benzoics aoIf 1 ( 6 5 - 8 5 - 0 ) 

B e i v l U u . i ( 7 4 4 0 - 4 1 - 7 ) 

B l s ( 2 - o l ; h v l « x y l ) p h t » » a l a t e ( 1 1 7 - 8 1 - 7 ) 

2-1)11 t^K)ne 

Cf)cl(iilniii( 7 7 4 0 - 3 9 - 3 ) 


C a l c i i » n ( 7 4 4 0 - 7 0 - 2 ) 

Ch lo ro fo rm 

Cliix>nliin(G7-6e-3) 

Ch rysene 

Co l j u l t ( 744O-40 -4 ) 

r ^ i p e r ( 7 4 4 0 - b O - 8 ) 

C:yaul(le (-CN) 

4,4-1101) 


1 , l ~ D l c h l o r o e O » a n e ( 7 5 - 3 4 - 3 ) 

t r a n s - 1 . 2 - O l c h l Q r o e t h y l e n e ( 1 5 6 - 6 0 - 5 ) 

Dlet lvyl phtU->la te 

D i - n - o c t v l p h t l i a l a t e ( 1 1 7 - a 4 - 0 ) 

n i - n - U j t y l p h t l « a a t e ( 8 4 - 7 4 - 2 ) 

E t h y l l i e n z e n e ( l C O - 4 1 - 4 ) 

F h o r n n t h o n o 

2 -Hexnnono (501 -70 -6 ) 

I r o n ( 7 4 3 9 - 0 9 - 6 ) 

I s o p h o r o n e ( 7 3 - 5 9 - 1 ) 

Le . -vl (7439-y2- l ) 

Motf ie3luia( 7 4 3 9 - 9 5 - 4 ) 

H-«igancse( 743<)-06-5) 

M e r c u r y ( 7 4 3 9 - 9 7 - 6 ) 


Frrjquency 
(b ) 

16 /51 
5 1 / 5 1 

5 /51 
3 0 / 5 1 

3 /51 
4 / 5 1 

2 3 / 5 1 
29 /51 
10 /51 
17 /51 
4 7 / 5 1 

3 / 5 1 
4 6 / 5 1 

3 2 / 5 1 
4 4 / 5 1 

5 /51 

1 /̂/̂ } 
4 / 5 1 
4 / 5 1 

12 /51 
17 /51 

2 / 5 1 
3 /51 

4R/51 
5 / 5 1 

, 2 0 / 5 1 
5 1 / 5 1 
4 0 / 5 1 

5 /51 

SOIL OA'l'A (fl i ) 

C o n c e n t r a t l a i Han/^o 
o f I>.'t(!cteri 

(ppb) 

1 ­
1,724,(XX) ­

14{X3 ­
3 ( » ­

50 ­
71 ­

200 ­
64 ­

4 ­
2400 ­
38(XD ­

1 ­
2000 ­

2000 ­
2000 ­

1.2	 ­

1 ­
37 ­
57 ­
41 ­

1 ­
36 ­
18 ­

1 ,760 ,000 ­
0 ­

3 , 8 0 0 ­
5 4 , 0 0 0 ­

1(X) ­
1 ( « ­

Sanfile.s 

100 ,000 
1 9 , 2 4 7 , 0 0 0 

5 , 1 0 0 
126 ,000 

100 
18 ,200 

1,600 
2 6 0 , 0 0 0 
180 ,000 
488,6CO 

1 , 9 9 0 , 0 0 0 
260 

3 6 , 0 0 0 

1 5 , 0 0 0 
181 ,000 

50 
9 , 2 0 0 

161 
740 

2 6 0 , 0 0 0 
l , 6 0 0 , a X ) 

56 
100 

2 2 , 4 3 7 , 0 0 0 
8 , 5 5 0 

3 , 5 8 5 , 0 0 0 
3 , 8 4 0 , 0 0 0 

235 ,000 
7 4 , 0 0 0 

Ckjotnetrlc Meai 
C o n c e n t r a t i o n 

(ppb) ( c ) 

16 
3 , 0 0 0 , 0 0 0 

1.1 
210 

3 
910 
6 . 8 
730 

12 
6 . 9 

240,OCO 
2 . 7 

2 , 0 0 0 

210 
2',2(X) 

3 
6 

21 
32 

280 
12 
19 

6 
2 , 1 0 0 , 0 0 0 

190 
22 

6 7 0 , OCX) 
37,(X)0 

0 . 0 4 

SEDirirafr DATA ( a ) 

F requency C o n c e n t r a t i o n Range Oeometr ic V\arv. 
( b ) of D e t e c t e d S a n p l e s C o n c e n t r a t i o n 

(ppb) (ppb) ( c ) 

7 / 7 1 ,230 ,000 ­ 4 , 3 5 0 , 0 0 0 2 , 3 0 0 , 0 0 0 

7 / 7 6 , 3 0 0 ­ 8 6 , 0 0 0 32 ,000 

4 / 7 200 ­ 1 ,000 280 

7 / 7 4 1 0 , 0 0 0 ­ 4 , 0 7 0 , 0 0 0 870 ,000 

2 / 7 110 ­ 180 72 

4 / 7 2 , 7 0 0 ­ 1 5 , 0 0 0 160 
7 / 7 710 ­ 3 , 5 7 0 1,400 
2 / 7 86 ­ 92 16 
2 / 7 32 ­ 33 5 

2 / 7 2 ­ 44 4 

5 / 7 14 ­ 310 37 

7 / 7 3 , 2 7 0 , 0 0 0 ­ 1 5 , 6 0 0 , 0 0 0 6 , 7 0 0 , 0 0 0 

7 / 7 5 ,100 ­ 49,(XO 16,000 
7 / 7 126 ,000 ­ 7 8 0 , 0 0 0 310,000 
7 / 7 104 ,000 ­ 4 , 1 7 0 , 0 0 0 640 ,000 
7 / 7 140 ­ 710 280 



TAUU' 0-3 (Cont'd) 

SOIL DATA (a ) GBDiierr DATA (a) 

ClOilllCAL (CAIJ IO.) Frequency 
(b) 

Concent ra t ia i Ranp.e 
of Dotcctod Saiiples 

(ppb) 

Oeometrlc Iteon 
Concentrat ion 

(ppb) (c) 

FrequeiKy 
(b) 

Catcentratlon Range 
of Detected Sanples 

(ppb) 

(JeonxJtric Mean 
Concentration 

(ppb) (c) 

00 
I 

Metliylena ch lo r ide(75-00-2) 
4-MB thy 1 -2-pen tax ino 
4-MQU ly lphenol 
l(a|)l)tlMlene(91-20-3) 
Nickel(7440-02-2) 
l i ienanthrcne(05-01-Q) 
{•I ienol( 100-95-2) 
I'Dlychlorlnatcd biphenyls (PCUs) 
Potn33luni(7440-09-7) 
.••c la i lun i ( 7702-49-2 ) 
!;ilver(7440-22-4) 
3odluin(7440-23-5) 
Tetrnchloroo Uiylene(127-10-4) 
TItalllun 
Tln(7440-31-5) 
ToUKine(100-nO-3) 
Total xylcnen 
1,2,4-Trlchloroben7.ene(12O-02-l) 
1,1,1-Tr Ich loroe U lane (71-55-6) 
1,1,2-TrlchlorooUu»»(79-aj-5) 
Trlchloix)ethyl<sna(79-01-6) 
VnnatI lii«( 7440-02-2) 
tlnc(7440-66-6) 

0/41 
11/51 
2/51 
3/51 
6/51 
4/51 
4/51 
30/51 
5/51 
4/51 
12/51 
34/51 
27/51 

3/51 
29/51 
21/51 
12/51 
10/51 
10/51 
20/51 
36/51 
21/51 

25 
6 
4 
4 

5,000 
6 

330 
67 

301,000 
26(X) 
1200 
44CO 

2 

43CO 
0.5 
2.5 
35 

1 
1 
2 

2000 
nooo 

1,200,OCO 
49000 

350 
2,00O 

1,950,000 
1,100 
2,040 

2,0(X),(XO 
953,OCO 

6,200 
613,000 

5,435,000 
110,000 

18,000 
o,iro,ooo 
0,700,000 

13,000 
3500 
520 

740,000 
10,000 

596,000 

6 
13 

2.2 
56 
6 
4 

190 
310 
520 

0.53 
4.4 

31,000 
31 

3 
16 
26 

270 
7 
4 

22 
510 

78 

6/7 

6/7 

5/7 

7/7 

6/7 

6/7 
7/7 

5 ­

5 ­

240 ­

7,100 ­

2 ­

2,500 
13,000 

31 

300 

1,102 

 36,000 

9 

16,000 
69,000 

10 

30 

110 

9,900 

3 

5,700 
39,000 

(a)	 n.Tsefl on c T p l e c col lec ted from wltliln the general area boinded by Copicut River, 
Cruxsl's nrook, the v/etlands to the nortli of tlie o i t e , and North l l ixvl l le Road. 
Soil swnoles consisted of those col lected c loses t to Ote surface nt each s o i l 
horlnr, locat ion (o.f;., from opproximatoly tliree feet below the surface a t nn 
e leva t ion of 08 f e e t ) . Soil data analysis was perfonned by in EPA-approved contract 
laboi^atory, Smiple r e s u l t s have mot El'A val idat ion requirennnts. 

(h) Uirilx^r of .-i.-iiiples in v^ilch contcminant was detected divided by the to ta l number 
(c)	 Ltwod on samples in vvhich contanlnant was detected; for sanples in Vkhich 

contmnlnaiit w.'xs not detected, 1/2 of' Uie CLP de t ec t i a i l imi t waa used 
(d)	 A detect ion l imi t of 40 |5f)b v;as wisuned for the PCB mixture. 



TABLE B-4 
SELECTION OF HUMAN HEALTH INUJCATOH CIIKMICAL.S FROM 

CIIEMICALS DETECTED IN SOILS AND SEUIMENI'S 
DrmUER/NOVEMUER 1985 SAMPLINCJ PEIllOUS 

CID'HICAL (CA.T IJO.) 

linnU Based on P o t e n t i a l CnrcinoRenlc

Arec^ni c (7440-3P.-?) 
Polychlorinateci hiphi^nyln (PCBr>) 

-1 ,4 ' -mn 

Bi.s(-''-othy(x>;:yl)phtl-ialate( 117-81-7) 

Tetmcliloixxjtiiyloi 10(127-10-4) 

Chloix)ronn 

Tri cliloroethyl(-;nc;( 79-01-6) 

1,1,2-Trichlorootli ,Tno(79-00-5) 

B'„^nsono( 71-43-2) 


limik Drusnd on Moncarcinogcnlc Effects 

(» 
I l'.ariui!i(7440-3<J-3) 


l/:;fid( 7439-92-1) 

Mni-cury (7439-97-6) 

Zinc(7140-66-6) 

Co|ipor( 7440-50-0) 
Vanadium(7440-r,2-2) 
r.i Ivor(7440-22-4) 

l , ? , 4 - r r i c l i l o robenzeno(120-a2 - l ) 

S(!loiuum(77n2-49-2) 

Cn(lininm( 7740-39-3) 

NLcke1(7440-02-2) 
' J ' r ichloroe thyl onG( 79-01-6) 
Arsen i c (7440 -3n -2 ) 
PhonoU 108-95-2) 
Di -n -bu ty l ph tha la te (84-74-2) 
H.in;'.eno(71-43-2) 
l . r anR- l , 2 -n i ch lo roo t l \ y l ene (156 -50 -5 ) 
To lr i tohloroeUiylene( 127-10-4) 
Ktliylb(;nzc'no(ia)-41-4) 
1 ,l-incliIoiX)et;hniic(75-34-3) 
r o l i i e n e ( l ( ) n - 0 n - 3 ) 
liiotliyl pht l in la to 
MoUiylono ch lor idc (75-09-2) 
1 ,1 ,l-TrichlorooUKU-iG(71-55-6) 

 Kffects 

Maximum 
Oonnxitric Mo.in 
Concon t rn t i a i 

(ppb) (b) 

1 

310 

16 


730 

31 

3 

22 

4 

3 


32,000 

16,000 


200 

39,000 

2,200 

5,700 


4 

270 


0.53 

7 

6 

22 

1 


190 

280 

3 

6 

31 

12 

5 

16 

21 

6 

7 


H-ixiin¥n Value 
Fivm J>Dll(r>l) 
or Se(liiiiont(Sd) 

:u 

:>i 

Sd 

SI 

SI 

SI 

SI 

SI 

31 


Sd 

Sd 

Sd 

Sd 

SI 

Sd 

SI 

SI 

SI 

SI 

SI 

SI 

SI 

SI 

51 

SI 

SI 

SI 

SI 

Sd 

SI 

VA 
SI 

SI 


Soil Toxici ty 

Factor (ppm)-l (a) 


Po ten t i a l IJon­
(Carcinogenic Carclnogenic 
Effects Effects 

2.03E-04 

2.86E-07 

1.86Ii:-06 

2.86F.-08 

4.431C-07 

2.01E-O6 

2.14i:-07 

5.14E-07 

3.86E-07 


2.04E-04 

4.46E-05 

9.21E-04 

5.33E-06 

3.57E-05 

7.14E-06 

l.OOE-03 

1.07E-05 

5,26E-03 

2.23E-04 

2.13E-04 

5.26E-05 

9.00E-04 

5.02E-06 

1.90E-06 

5,85E-06 

2.65E-06 

4.81E-07 

5.52E-07 

1.29E-06 


2.60E-07 

1.34E-08 

4.60E-00 

3.67E-08 


Toxici ty 
Score For 
Po ten t i a l 
Carcinogenic 
Effects (c) 

2, ,23E-07 

8. ,87E-08 

2. ,9eE-08 

2. .09E-08 

1, .37E-00 

7, ,59E-09 

4, .71E-09 

2.06E-09 

1, ,16E-09 


Toxici ty 
Score For 
Po ten t ia l 
IJon-Carc 1 nof.en ic 
Effec ts (c) 

6.53E-03 

7.14E-04 

2.58E-04 

2.00E-04 

7.85E-05 

4.07E-05 

4.40E-06 

2.09E-O6 

2.79E-06 

1.54E-06 

1.28E-06 

1.16E-06 

9.90E-07 

9.54E-07 

5.32E-07 

1.76E-08 

1.59E-03 

1.49E-08 

6.62E-09 

6.45E-09 


4.16E-09 

2.81E-10 

2.76F.-10 

2.57E-10 


naik 

1 

2 

3 

4 

5 

6 

7 

0 

9 


1 

2 

3 

4 

5 

6 

7 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

23 

24 

25 

26 




00 

TAPIJ: il-4 (Cont 'd) 

Soil Toxici ty 

Ilaximiji i Maximum Value
Factor (ppm)-l (a) 

=========================== 
Toxici ty
Score For

 Toxici ty 
 Score For Hank 

ClIFIltCAL (CAS NO.) Oeometric Mean From So i l (S I ) Po ten t i a l Non- Po ten t i a l Po ten t i a l 
Concentration o r Sediment(.Sd) Carcinogenic CarcinoEenic Carcinogenic Ilon-Carcinogenic 

(ppb) (b) Effects Effects Effects (c) Effec ts (c) 

Chemicals Mot Lis ted in the PI IE Manual 

2-Dutanone 
2-Hexanone(591-78-6) 
4-Methy1-2-pontanone 
4-HGthyIphenol 
Acetone(67-04-1) 
AliiniinL«ii(7429-90-5) 
Benzoic ac id(65-85-0) 
Deryll luu(7440-41-7) 
Calcium (7440-70-2) 
ChPomium(67-66-3) 
Chri'seno 
Cobalt(7440-4C-4) 
Cyanide (-CN) 
D t - n - o c t y l - p h t h a l a t e ( 117-84-0) 
Fluoranthene 
Iron(7439-89-6) 
Isophorone(70-59-1) 
M.-v^iosiuiii( 7439-95-4) 
Manganese(7439-96-5) 
Nafilithalene(91-20-3) 
Plienanthrene( 05-01-0) 
Pota.'=i.'3iun( 7440-09-7) 

Sodium(7440-23-5) 

Thallium 

Tin(7440-31-5) 

Total xylenes 


12 

6 

13 

2 

16 


3,000,000 

910 

7 


870,000 

2,000 


72 

210 

1400 

32 

37 


6,700,000 

190 


670,000 

640, axD 


56 

30 

520 


31,000 

9900 


3 

26 


SI 

Si 

SI 

SI 

SI 

SI 

SI 

SI 

Sd 

SI 

Si 

SI 

Sd 

SI 

Sd 

Sd 

SI 

SI 

Sd 

SI 

Sd 

SI 

SI 

Sd 

SI 

Si 


(a) .Soil t o x i c i t y f ac to r s v;ere obtained frocn the PlIE Manual (ICF 1985). 
(b) IlaxlinLvni geometric mean concent ra t ion for s o i l s or sediments . 
(c) (kjornctric mean concent ra t ion * t o x i c i t y f ac to r / l(XX). 



the sediment sanples at estimated values^ but was detected in five or fewer 


soil and groundwater sanples and was not selected based on its limited 


distribution at the site. The toxicity fac±or for nickel in soil, as in 


water, is kncwn to be too hi^. The remaining conpounds, both those ranked 


based on their noncarcinogenic effects and those without toxicity factors, 


were not selected because they were detected infre(quently (e.g., detected in 


less than 6 of over 40 saitples), were present at levels considered to be at or 


near norrtally (xxcuring bad^round levels, or are not believed to be related to 


the oils or solvents disposed of at the site. 


Contaminants in Air 


A limited one-(iay air saitpling effort was conducted in November 1985 during 


the Re-Solve Site RI (see Section 7). Several volatile contamincints that were 


fre(guently (observed in soils, groundwater, and surface water were also 


detected in the air saitples (e.g., tetrachloroethylene, tri(chloroethylene, and 


1,1,1-trichloroethane). Althou^ the air data were not used in the indicator 

chemical selection process (see Section 8.4.3), the detected chemicals were 

well represented in the soil, (groundwater, and so r f ace water data that were 

used in the indic:ator chemical selection pirxxcess. 

8.2.2 AQUATIC LIFE INDI(aflX)R CHEMICALS 


There are no official guidelines on seleccting indicator chemicals for a(5uatic 


life. In this FHE, aquatic life indicator chemicals were selected based on a 


(3ualitative evaluation of surface water contaminant levels (see Table 8-1). 


Factors that were considered in selecting a(3uatic life indicator conpounds 


included concentration, toxicity to freshwater aquatic life, and existence of 


a potentially exposed population. 


A close examination of the surface water data showed that the levels at ishich 


most of the site-related contaminants were measured would not be of concern to 


Âcccording to EPA definitions (EPA 1984a), estimated values represent 

tentative identification only. 
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freshwater a(guatic life. This is shewn in Table 8-5 v4iich cottpares surface 


water coixcentrations to EPA Ambient Water Quality (Criteria for the prote(ction 


of freshwater aquatic life. The criteria are exceeded only for ca(±tiium and 


lead (which were detected infrequently) and PCBs. 


Several chlorinated hydrocarbons and other chemicals (e.g., 


1,1-dichloroetheine, trans-1,2-dichloroethylene, 1,1,1-trichloroethane, 


tri(chloroethylene, and toluene) were measured only at elevated levels in the 


southeastern segment of the unnamed tributary. The unnamed tributary is an 


intermittently flcwing, smeill stream that may only be a suitable habitat for 


invertebrates (Zupkas 1986). Although the elevated contaminant levels in the 


unnamed tributary do not exceed the Ambient Water Queility (Criteria, they may 


still adversely affect the limited eirray of aquatic life that is capable of 


inhabiting the tributary. Be<cause of its small size and intermittent flow 


(Characteristics, hcwever, the unnamed tributary is not considered to be the 


primary freshwater aquatic life habitat of concern in the Re-Solve site area. 

Rather the neeirfay (jcpicut River eind Carol's Brook are of greater potential 

concern . Therefore, the cheanicals measured at elevated levels only in the 

unnamed trilxitary were not selected as indicator chemicals. Surface water 

saitples collected in the Copicxrt River and Ĉ arol's Brook did not indic:ate the 


presence of orgeinic <contaitiineints at levels of concern. Several inorganic 


cortpounds were eilso detected in surface water. With the exception of 


manganese and zinc, the surface water concentrations in the site area were 


essentially the same as background levels measured in an upstream surface 

water location (SWOl). Neither zinc nor manganese are ejqjected to pose risks 

to freshwater atyjiatic life at the levels cbserved. 

Althou^ ncsne of the cantaminants meeisured in surfa(ce water were selected as 


acjuatic life indicator chemiceils, the continuing presencce of PCBs in sediments 


in the site area may be of ccMicem. As a result, PCBs were selected as the 


only aquatic life indicator chemical. 


8.2.3 FINAL LIST OF INDICATOR CHEMTCAIS 


The final list of ei^t human health indicator chemicals is presented in Table 


8-6. Afpendix A contains detailed human health profiles for these 
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TABLE 8-5 


COHPARISON OF SURFACE WATER CONCENTRATIONS TO AMBIENT WATER QUALITY CRITERIA 


FOR THE PROTECTION OF FRESHWATER AQUATIC LIFE 


Concentration Gecmetric Anttient Water Quality 

Range of Mean Cr i ter ia (DDb) 

Detected Concentration 

Chemical (CAS. No.) Frequency* Sanples (ppb) (ppb) Average Max i nun 

Acetone (67-64-1) 3/22 93-1,300 9 . 

Aluninun (7429-90-5) 11/12 15-272 108 150= 950«' 

Bariun (7440-39-3) 12/22 6.4-23 10 -

Cadnium (7740-39-3) 2/12 3.8-5.1 3 0.66'^ i.s'^ 
Calcium (7440-70-2) 12/12 1,430-6,444 3,110 -

Chloroethane (75-00-3) 6/22 8-90 8 -

Chromiun (67-66-3) 8/12 4-8 5 11 = 16d 

1,1-Dichloroethane 7/22 3-475 5 -

(75-34-3) 
trans-1,2-Dichloro­ 14/22 15-2,000 43 11,600 

ethylene (156-60-5) 
Ethylbenzene (100-41-4) 3/22 3-58 3 -
Iron (7439-89-6) 12/12 132-7,436 1,370 -
Lead (7439-92-1) 2/12 6.2-6.5 3 ^ . ^  ̂  34bd 

Magnesium (7439-95-4) 12/12 869-2,040 1,300 -

Manganese (7439-96-5) 12/12 30-2,353 466 -

Polychlorinated 2/15 0.52-1.2 0.3 0.014 2.0 
biphenyls 

Phenol (108-95-2) 2/15 4-18 5 2,560* 10,200* 
Potassiun (7440-09-7) 10/12 816-1990 1,460 - -

Sodiun (7440-23-5) 12/12 4,120-7,404 5,100 - -

Toluene (108-88-3) 11/22 2-280 12 - 17,500* 

Total xylenes 5/22 5-330 5 - -

1,1,1-Trichloroethane 7/22 16-440 8 9,400* 18,000* 
(71-55-6) 

Trichloroethylene 10/22 2-460 8 21,900* 45,000* 
(74-01-6) 

Vinyl chloride 9/22 1-350 13 - -

(75-01-4) 

Zinc (7440-66-6) 8/12 4-45 12 49bc 54bd 

* Nuiber of sanples in which contaminant was detected divided b/ total nunber of sanples. 


"A water harciiess of 50 mg/l CaC03 was assuned based on Sawyer and McCarty (1978). 


'^Four-day average not to be exceeded more than once every three years on the average. 


"One-hour average not to be exceeded more than once every three years cn the average. 


*These are not anbient water quality criteria; however, available evidence indicates that 


adverse effects may occur at concentrations exceeding these levels. 


EPA Sources: Fed. Reg. 45:79318-79379 (1980), Fed. Reg. 50:30784-30796 (1985), 


Fed Reg. 51:8361-8363 (1986), and Fed. Reg. 51:19269-19270 (1986). 
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TABLE 8-6 


FINAL LIST OF HUMAN HEALIH INDI(3̂ T0R CHEMICAIS 

FOR THE RE-SOLVE SITE 


Rank Beised on Rank Based on Non-

Carcinogenic Effects Carcin(cgenic Effe(cts 


Chemical (CAS No.) Water Soil Water Soil 


Arsenic (7440-38-2) 1 1 5 15 

PCBs (11097-69-1) 2 2 

Triciiloroethylene (79-01-6) 3 7 2 14 

Vinyl chloride (75-01-4) 6 14 

Tetrachloroethylene (127-18-4) 5 5 19 20 

Lead (7439-92-1) 9 2 

Cadmium (7740-39-3) 7 12 

trans-1,2-Di(chloroethylene 11 19 
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eight selected (chemi(cals. The only a{3uatic life indi(cator chemical that was 


selected was PCBs. Appendix B (contains a profile summarizing the effects of 


PCBs on acjuatic life and other target organisms. 


8.3 IDENITFICATICaJ OF EXPOSURE PATHWAYS 


The following elements are iitportant in identifying potential ejqxjsure 


pathways frcm the Re-Solve site: (1) a source and mechanism of (chemical 


release to the environment, (2) an environmenteil recceiving and transport 


medium for the released (chemical, (3) a point of potential exposure by humans 


or biota with the contaminated medium, and (4) a route of exposure to the 


contamincints. A pathway is considered "conplete" if all of these elements are 


present. 


The following section outlines the principeil exposure pathways, given current 


use of the site, that will be eveiluated in this FHE, other potential exposure 


pathways that may (currently exist but are eaqjected to be inccnplete or to have 


negligible effects and that therefore will not be evaluated further, and 


hypothetical ê qxDsure pathways associated with potential development of the 


site under the no-action edtemative. 


8.3.1 PRINCIPAL EXPOSURE PATHWAYS: PRESENT SITE USE 


The results of groundwater, surfa<ce water, se(Jiment, and soil saitpling at the 


Re-Solve site, viiich were presented in earlier sections of this report, 


indicate the presence of elevated levels of PCBs, volatile organic chemicals 


(VOCs), and inorganic conpounds. As discussed in Section 1 of this report, 

the major sources of (conteimination at the site were the four unlined lagoons 

in the northern peirt of the site, the filled cooling water pond at the eastern 

boundary of the site, the oil spreading eoreeis in the western and southwestern 

portions of the site, the old foundation and concarete pads, and a few 

contaminated soil "hot spots". These areeis were remediated (Juring the removal 

action conducted in 1984 and 1985. Residual contamination remains in the 

areas v*iere the unlined lagoons, the (cooling water pond, and the oil spreading 

area were once located. The (contaminants in these areas are released into 

surface water and groundwater in v*iich they are transported off site. The 
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surf a(ce water may treinsport both dissolved contaminants and (contaminants 


adsorbed to soils and sediments su(ch as PCBs. The groundwater will primarily 


transport (Jissolved (contaminants. 


The available information on the Re-Solve site indicates that contaminants are 


transported off-site via surfa(ce runoff and (groundwater flew to nearioy soils, 


surface water (e.g., the Ccpicut River) and sediments. The resulting exposure 


pathways thus include dental conta{ct with soil and surface water. Contamin­


ants in soil may also be released into the air, either by volatilization or by 


suspension of soil particles by wind, and then subse(3uently inhaled. Volatile 


organic chemi(ceils may eilso be released from nearby surface waters and be 


transported to nearby dcwnwind re(ĉ jtors. An additional e35)osure pathway may 


consist of ingestion of fish viiich have bioacxcumulated PCBs in their tissues. 


Althouj^ the site is presently surrounded by a secure chain link fence, 


ei<posures to (contaminants by on-site receptors may cxccur under present site 


use conditions should the fence be knocdced dcwn or trespeissers climb the fence. 


Human Exposure to Contaminated Soils, Sediments, and Surface Water 


Potential e:qxDsures to (contaminated soils and sediments in the Re-Solve site 


area have been a major f0(cus of concern. Althou^ approximately 15,000 cubic 


yeirds of contaminated weuste materieils eind soils were removed from the site 


throu^ past remedial activities, contamination has persisted in surface and 


subsurface on-site soils. The treinsport of (contaminants in surface water and 


groundwater, both in the dissolved form and eidsorbed to suspended soil and 


sediment particles, has also resulted in the (contamination of off-site soils 


and sediments. 


As already mentioned, under present site conditions indiviciuals may gain entry 


onto the site eilthcxj^ this activity does not have a h i ^ prbbability. Thus, 


eî josure to (contaminated on-site soils is (considered at present to be a 


(coitplete pathway eilthou^ it is not very prcabable. Ctontaminated soils, 


sediments, and surface water extend beyond the fencced-in site area. Sediments 


in the wetlands to the north of the site have been found to contain PCBs, 


inorganic catp(xind5, and seme VOCs. Contamination has also been measured in 

the sediments of the unnamed tributary. A few soil saitples have been 
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collected outside of the site's fence (SB49, SB50, SB52, SB53, SB901, and 


SB902). Data frcm these saitples indicate that there are some contaminants in 


nearby off-site areas. 


There is unlimited acxcess to the eireas (sutside of the fence. Hunters from the 

nearby Rcxi and (Sun Cldb v4ii(ch is located on about 180 acxres northeast of the 

site may regularly pass throu^ (contaminated areas. In a(3dition, children 

living in the vicinity of the site may play in the areas adjacent to the 

site's fence, su(ch as eilong the Algonquin Gas Pipeline riight-of-way or in the 

unnamed tributeiry* These indivi(aucils may be exposed to contaminants in the 

soils via dental contact; the contaminants may then be ingested or absorbed 

throu^ the skin. 

Individuals vAio oocassionally trespass onto the site or pass by the site may 


also be eĵ josed via inhalation to (contaminants that have been released from 


soils into the air. These cxantaminants may either volatilize from the soils 


or may be suspended by the wind on soil particles. 


From the site, the (jcpi(cut River flows approximately 1/4 mile to Ctomell 

Pond. Overflew fron Ctomell Pond flews south where it joins Shingle Island 

River. Shingle Island River flows into Ncxjuocholce Lake, which is located 

about two miles dcwnstream of Cornell Pond. Analysis of surface water samples 

collected fron this watershed indicate that VOCs a r e being transported off 

site. Hic^ levels of VOCs have been measured in the unnamed tributary and a 

few VDCSs have been (ietec:ted as far away as Shingle Island River and the 

entrance to Noqucxdicske Lake. For exanple, trans-1,2-di(chloroethylene has been 

measured in the unnamed tributary at hi<^ levels (2,000 ppb) and at 

sucx«ssively more dilute levels further (3cwnstream (approximately 100 ppb in 

Cornell Pond and 6 ppb upstiream of NcxjvKxhoke Lake). 

IndivicJucils living in the Re-Solve site eirea have easy access to Carol's 


Brcx3k, the Copi(cut River, Ctomell Pond, Shingle Isleind River, and No(3uochoke 


Lake. Contamination in the surface water bodies adjac:ent to the Re-Solve 


site, especially the Copicut River, may pose risks to indiviciuals primarily by 


dental ccontact during wading with chemi(cals that can be absorbed through the 


skin and inhalation of volatile organics released frcm the surface water. 
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Human Exposure to PCBs Via Ingestion of Fish 


Tissue saitples of fish c±rtained from the Copicut River eind Cornell Pond were 

aneilyzed as peirt of the RI/FS for the Re-Solve site. Results of the fish 

saitpling program indicated the presence of a few contaminants in some of the 

fish tissues (PCBs, iscphorone, trichlorobenzene, and two phthalate esters). 

Except for PCBs, the origin of the observed tissue contaminants and their 

relationship with site-related cxjntamination is (juestionable. This is because 

the other cxDntaminants were not d e t e c t e d in surface water or sediment 

saitples. The presence of PCBs in fish tissues, hcwever, is more likely to be 

site related given the f re t j jent occurrence of PCBs at the site and in off-site 

sediments, and the strong tendency for PCBs to bioacxwmulate in acjuatic 

organisms. Since Cjomell Pond is a popular local area for fishing (it is 

unkncwn if the Ccpicxit River is used for fishing), indivi(3uals may be exposed 

to PCBs via ingestion of fish cau^t in the pond. 

Exposure of Aquatic Organisms to Contaminated Sediments 


The wetland to the north of the site forms the hea(3waters of the unnamed 


tributary (see Figure 5-4). The unnamed tributary is a small, intermittently 


flowing stream vAiich extends frxan the wetland southeast to the Copicut River. 


Carol's Brook, vfcL(ii forms the site's southern boundary, flows eastward to 


join the Copicut River. The wetland, the uimaitied tributary, the Q3pi(cut River 


and Ceirol's Brook eill receive (contaminants fron the Re-Solve site via surfac:e 


water runoff and, with the exc^jtion of the wetland, groundwater discharge. 


EXae to the intenuittent nature of its flow, the unnamed tributary is 


considered likely to be an unsuitable habitat for aquatic life other than 


invertebrates. The wetland, the Ccpicut River and Carol's Brook, hcwever, do 


act as acjuatic life habitats in the Re-Solve site area. Althcxi^ the surface 


water in these three water bcxiies do ncjt contain contaminants at levels high 


enco^ to pose aciverse effects to a(5uatic life (see Section 8.2.2), the 


underlying sediments have been fcwnd to contain PCBs. The persistent PCB 


contamination of these sediments may pose ris}cs to a(3uatic organisms. 
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8.3.2 OIHER EXPOSURE PATHWAYS: PRESENT SITE USE 


Human Expcjsure to Contaminated Residentieil Well Water 


Individuals may be expcDsed to Re-Solve site contaminants vrtiich have been 


transported frcm on-site groundwater into their private wells. Of the 58 


private wells saiipled eis petrt of the RI/FS for the Re-Solve site, 12 were 


Icxated dcwngradient of the site eilong Ctollins Comer Road, Old Fall River 

Road, and North Hixville Rcad.^ 

Ei^t of these wells are shallcw, hand-dug wells supplied prinarily by 


groundwater frcm the overburden a(3uifer. The remaining four wells are 


screened in the bedrock acjuifer. The dcwngradient private well closest to the 


site is approximately 300 feet south of the southern edge of the site. 


Analysis of the sanples collected from the downgradient private wells 

indicated that several volatile organics were detected in wells IWOI, FW29, 

EW30, and FW31. Sane of the ccnpcunds (such eis acetone and 2-butanone) are 

common laboratory contaminants and therefore may not be site related. Two 

other ccmopounds, 1,2-dichloroethcine and benzene, were detected in only one 

well each. Due to this low frecjuency of detection, these conpounds are not 

considered further for aralysis. Inorganic conpcfunds were also detected in 

each well, hcwever, a ccnparison of vpgradient and dcwngradient wells does not 

shew any major differeixces in the concentrations detected. Lead was measured 

in eight of the wells at cx>ncentrations ranging frcm 2 ppb to 108 ppb. The 

lead cbserved in these private wells may not, hcwever, originate from the 

Re-Solve site, but rather may reflect a ccnibination of typical background lead 

levels for the North Dartmouth area as well as specific characteristics of the 

resiciential wells that were sampled. 

4he dcwngradient private wells were considered to be EWOl, FW14, 

EW20-PW23, EW29-EW31, EW37, PW40, and PW56. 
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Given the existing normal groundwater flew patterns (i.e., not under heavy 

flcxxi conditions) and residential well puitping rates, the dcwngradient 

overburden private wells are not expected to receive contaminants from the 

Re-Solve site according to CCfi. If private well puitping rates were altered to 

induce infiltration from Cornell Pond or reversal of normal groundwater flow 

patterns, site-related contaminants could possibly migrate into overburden 

wells. The dcwngradient bedrock private wells could theoretically induce flow 

from the site's bedrock plume if bedrock fractures were continuous from the 

site to the off-site bedrock wells. Because of the unkncwn bedrock fracture 

patterns, the potenticil for future migration of site-related contaminants in 

the bedrock a(guifer to (Jcwngradient residential wells cannot be determined. 

The absence of detectable levels of eill but one of the human health indicator 


chemicals suggests that, based on current data, site-related (contamination has 


not significantly affected (Jewngradient residentieil wells. The observed lead 


levels in the cJewngradient wells eilso do not indicate the presence of 


extensive or dangerous ccontaminantion originating from the Re-Solve site, due 


to the distribution and levels of lead found in these wells. 


In conclusion, the current (jueility of drinking water in private wells 

dcwngradient frcan the Re-Solve site is ncjt considered to have been noticeably 

affected by contaminants originating from the site. As a result, potential 

risks to resi(3ents using well water dcwngradient of the site will not be 

evciluated in this FHE. If, hcwever, aciditional information indicates the 

presence of site-related ccnitamination in these wells or a clearly migrating 

plume of contamination, tlie potenticil for hunan health effects dae to 

(Contaminated well water should be re-eveiluated. 

8.3.3 POTENTIAL EXPOSURE PATHWAYS RESULTING FRCM FUIURE USE OF THE SITE 


In acadition to the principal exposure pathways that are of most concern under 


present site conditicns, new pathways may be created by develcspment of the 


Re-Solve site. The site area is currently zoned for residential/agricultural 


use. In the absence of any reroedieil activity at the Re-Solve site, exposure 


to on-site contamination in the future via pathways that currently do 
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not exist (e.g., ingestion of on-site groundwater), but could hypothetically 


becone cxonplete, may be of concern. 


One possible future use of the site is the construction of a drinking water 


well on site to acceanodate possible future development. This is a 


hypotheti(cal exposure scsneirio designed to determine viiether the site could 


pose risks if there were no restrictions placed on its future use. 


Another eî josure pathway that may be of particcular concern if the site were 


develcjped involves csn-site exposures to contaminated soils. For exaitple, if 


no remedicil acctions were taken and a house was built on the site contaminated 


sols that were previously buried could be moved to the surface, and then 


infeints and chilcJren ccxild theoretically come into frecjuent contact with 


on-site contaminants, peirticularly in soils, vrtiile playing. As a result, the 


potenticil risks eisscxciated with ingestion and dental absorption of 


contaminated soils by both children and euJults is eveiluated as a possible 


future exposure pathway. Table 8-7 summarizes the current and future exposure 


pathways to be considered in the follcwing sections. 


8.4 HUMAN HEALTH RISK ASSESSMENT: FRESENT SITE USE 


8.4.1 INTRDDUCnOJ 


In this section, (3ata collected in 1985 and 1986 during the remedial 


investigation eire used to estimate the risks to potentially eĵ xased 


populations. This baseline evaluation assesses the risks associated with the 


no-action remedial eiltemative; i.e., it is assumed that no remedial actions 


will be performed at the Re-Solve site. 


The principeil eiqpoeare pathways discussed in the previous section are 

evaluated in this FHE. The principal e:q)osure pathways under present site use 

conditions are (1) demal contact and subsecguent ingestion of on- and off-site 

soils and, for FCBs, demal cx>ntact and subsecjaent ingestion plus direct 

absorption of contaminants frcm surface soils, (2) inhalation of volatile 

chemicals released from soils, (3) inhalation of particulate matter released 
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TABLE 8-7 


POTENTIAL PATHWAYS OF EXPOSURE TO OONTAMINANIS ORIGINATING AT THE 

RE-SOLVE SITE UNDER PRESENT AND FUTURE SITE USE SCENARIOS 


Exposixre Potential Routes 
Medium of E:q)osure 

F>resent Site Use 


Soil (on and 	 Direct contact with sub-

off site) 	 secguent incidental soil 


ingestion and (Cental 

absorption 


Inheilation of v o l a t i l e Air 
organic ccaipounds and 
peirticulate matter r e ­
leeised frcm surface s o i l s 

Inheilation of volatile 

organic ccnpcunds re­

leased frcm surface water 


Surface Water 	 [)ental absorption v^le 

wading 


Fish 	 Ingestion of fish 


Sediments 	 Direct contact with 

sediments 


Future S i t e Use 

Groundwater 	 Ingestion frcm a well 
eissumed t o be ins t a l l ed 
on s i t e 

Soil (on site) 	 Direct contact and subse­

quent incicJental soil 

ingestion and dermal 

absorption 


Air 	 Inhalat ion of v o l a t i l e 
organic cxanpcunds and 
pa r t i cu la t e matter released 
from s o i l s 

Potential 

Receptors 


Local pcjpulation (e.g., 

children and Rod and 

(3un Club members) tres­

passing onto site or 

using nearby off-site 

areeis 


liDcccil population using 
nearby o f f - s i t e areas 

Nearby residents 


local population 

(i.e., children) 


Members of general 

population v*io may 

fish frcm nearby 

surface water 


Aquatic life 


Local pc^julation 

Local population 


r^thway 

Conplete 


Yes 

Yes 


Yes 


Yes 


Yes 


Yes 

Yes 


Yes 

Locceil peculation Yes 
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from on-site soils, (4) (Jermal contact with surface water, (5) inhalation of 


volatile chemicals released frcm surface water, (6) ingestion of fish, and (7) 

exposure to sediments by freshwater acjuatic life. In this section, the first 

six human expcssure pathways are evaluated. 

This intrcxduction briefly outlines the approach used to estimate the 


quantities of chemicals indiviciuals may be e:q)osed to (euqjosure point 


concentrations) and the potential human health risks associated with these 


exposures. Each exposure pathway is eveiluated indivi(3iially and then where 


appropriate the human health ris]<s eire suranved across the relevant pathways. 


E)̂ x?sure Ftoint Concentrations 


Concentrations at potentieil e)̂ )osure points are cceilculated for each of the 


selected indicator chemicals detected in the media of interest (i.e., soil, 


sediments, surface water, fish tissues, or groundwater). The geometric mean 


(concentrations were used to represent the average exposure point 


concentrations. The maximum concentrations detected were used to represent 


the maximum exposure point concentrations. 


In calculating the gecanetric mean concentrations, one-half of the detection 

limit was used for all of the "nondetect" saitples [i.e., sanples in v*iich less 

than the detection limit was r^xsrted (see Section 8.1) ]. The EPA Contract 

Laboratory i>rogram (CLP) detectican limits were used for the groundwater 

sanples in vAoich contaminants were not deteccted and for the soil and sediment 

sanples in vdiich organic cxsntaminants were not detected. For inorganic 

cxanpounds in soils euid sediments, the detection limits were based on CLP 

acgueous detectican limits adjusted by a factor of 0.1.^ Results of sanples 

from background and x:pgradient locations were not included in the analysis. 

Irhe a(3uecus cJetection limit can be converted to a soil/sediment detection 

limit by the equation: ADL (0.1 liter/g) = SDL, vAiere ADL = a(5ueous detection 

limit (ug/liter or ppb), 0.1 liter = final water volume of digested soil or 

sediment saitple, 1 g = amount of soil or sediment analyzed per saitple, and SDL 

= soil/sediment detection limit (ug/g, mg/kg or ppn) (EPA 1984a). 
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Gecmetric mean values were not calculated for PCBs found in fish tissues due 


to the snail sairple size of analyzed tissues. 


Comparison to Standards and Criteria 


Acxording to the proce(3ures for public health evaluations developed by EPA, 


the potential aciverse effects on humein heeilth and the environment should be 


assessed vAiere possible by ccarpeiring the concentrations found at or near the 


site with "applicable or relevant and appropriate recjuirements" (ARARs). At 


the present time, EPA considers the Maximum Contaminant Levels (MCl£) and the 


maximum contaminant level goeils (MdGs) develc^ed under the Safe Drinking 


Water Act, federal ambient water (quality criteria. National Ambient Air 


Quality Standards (NAAQS) and state environmental standards to be potentially 


applicable or relevant and apprcpriate requirements for ambient concentrations 


(see belcw for definitions of the specific ARARs used in this assessment). If 


ARARs are not available for all of the seleccted indicator chemicals and for 


the eî xjsures considered, a (guemtitative risk assessment must be performed for 


all of the contaminants, according to EPA guidelines as discussed in the FHE 


manual (EPA 1986a). 


Risk Assessment 


To cjuantitatively assess the risks associated with expcssure to the potentially 


carcinogenic indicator ciiemicals, unit risk factors calculated by EPA's 


(2circinogen Assessment (3roup (CAG) are i:ised. Unit risks (in (mg/kg/ciay)~1) 


represent the indiviciual excess caiKcer risk eisscxciated with lifetime chronic 


ejqxjsure per ing/]<g/(iay of eaqxasure. A 10"^ risk indicates that theoretically 


if an indivi(3ual were exposed to the stated level every cJay throu^out life, 


his or her lifetime excess indiviciual prc±>ability (i.e., the probability above 


a background rate) of cJevelcping cancer resulting frcm that exposure is highly 


unlikely to exceed 10"^ (1 in 1 million), but may be smaller than 10"^ by an 


undetermined factor.^ For the noncarcinogens, reference dcjses (RfDs) are 


^Federal regulaticjns for environmental contaminants have generally fallen 

in the IO"'* to 10"^ lifetime risk range, as calculated from a linear 

(focatnote continued on the next page) 
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ccttpared with chronic intakes estimated for each expcDsure pathway. RfDs are 


estimates of the cJaily chemical ejq)osure vMch appears to present low risk of 


adverse effetcts (iuring a lifetime of ê qxjsuire to a person. The RfDs and the 


potency factors are derived by EPA and are presented in their Health Effects 


Assessments for chemicals commonly found at Svperfund sites. 


Chemical Mixtures 


In this assessment, the effeccts of ejqxDsure to each of the contaminants 


present at Re-Solve site have initiedly been considered separately. However, 


the pollutants cxxcur together at the site, and individuals may be exposed to 


complex mixtures of contaminants, including many of the indicator chemicals 


and seme of the other contaminants detected at the site. Consecguently, it is 


iitportant to recognize the potential eudverse e f f e c t s that these mixtures can 

have on humans. 


EPA (1985a) hcis prcpcjsed guidelines for eveiluating the potential toxicity of 


conplex mixtures. In the abserKce of specific information on the toxicity of 


the mixture to be assessed or on simileir mixtures, the (guidelines generally 


reccjtimend use of the assumption that the effects of different conponents of 


the mixture are additive. Synergistic or antagonistic interactions may be 


taken into account if there is specific information on particular combinations 


of chemicals. In this risk eissessment, carcincagens and noncarcinogens are 


treated separately. In keying with EPA policy, the risks for each individual 


carcincagen are added tcagether to cJevelcp a total cancer risk. Noncarcinogens 


are also assessed indivicJually by cxnparing the estimated chemical intake to 


the apprcpriate RfD (dose:RfD ratio), and summing the dose:RfD ratios acnross 


chemicals. 

(footnote continued fron the previous page) 

multistage mcxiel. Most of those cJecisions ixKcorporated consideration of cost 

and feasibility . . .  . An incrementeil lifetime risk level of 10"^ would 

probably be more r^resenative than 10"^ as the 'no effect' level for these 

chemiccals . .  . as envisioned by Congress" (EPA 1984b). 


8-29 




Uncertainties in the Risk Assessittent 


The procedures and iiputs used to assess potential human health (and 


environmental) rislcs in this evaluation as in all such risk assessments, are 


subject to a wide variety of uncertainties. In general, there are six main 


sources of uncertainty in any risk assessment: 


• Environmental sanpling and chemical analysis 

• Environmenteil parameter meeisurement 

• Fate and transport modeling 

• Ejqx3sure parameter estimation 

• Toxicolcjgical cJata 

• Errors throu^ cottibinations of the above 


Environmental chemistry sanpling and analysis error can stem from the error 

inherent in the proce(3ures, frcm a failure to take an adecjuate number of 

sanples to arrive at sufficient areal resolution, from mista3<es on the part of 

the sanpler, or from the heterogeneity of the matrix being sanpled. One of 

the most effective ways of minimizing proc:edural or systematic error is to 

subject the (iata to a strict (guality control review. Even with all the 

q u a l i t y of the data rigorously eissured, hcwever, there is still error inherent 

in all analytical prcx:«<3ures. 

Environmenteil peirameter meeisurements prinarily contribute to uncertainty due 


to their absence. Lacdc of site-specific measurements dictates that estimates 


must be made beised on literature veilues, regression ecjuations, extrapolations, 


and best professicral judgment. 


MocJeling error arises prinarily frcm the use of an inapproporiate model or the 


use of an apprcpriate model but with inappropriate bcaundary conditions. A 


further limitation in mocJeling is that a model can only approximate reality. 


CJther model errors can stem frcm a lack of veilicJation or verification of the 


models. Typicedly, em order of magnitude result is considered to be 


satisfactory for most ccmplex mcxJeling sczenarios. 


There are inherent unccertainties in determining the esqjosure parameters that 


are combined with toxicolcagical information to assess risk. For exanple, the 


dermal contact e35)osure estimates used in this FHE are based on information 
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provided in several studies (Hawley 1985, Kimbrou^ et al. 1984, Ĉ allacher et 


al. 1984, Schaum 1984). Althou^ the values presented in these studies vary, 


average and maximum soil ccontact eiposure estimates were selected for use in 


the risk assessment. (See i^pendix C for a further discussion of the 


derivation of the soil ingestion rates.) 


As is the case for most risk eissessments, toxicolc3gi(Ccil (3ata error is probably 


the largest source of uncertainty in this risk eissessment. As EPA noted in 


its F>rcposed Guidelines for Ceircinogenic Risk Assessment (EPA 1986b): 


There eore major uncertainties in extrapolating both from animals to 

humans and frcm h i ^ to lew doses. There are iitportant species 

differences in uptake, metabolism, and organ distribution of 

carcincagens, as well as species and strain differences in target 

site susc^tibility. Human populations are variable with respect to 

gecmetric constitution, diet, cxccxpational and home environment, 

activity patterns, and other cultural factors. 


EPA has develcped a cleissification system for the overall wei^t of evidenc:e 


for (carcincjgenicity of chemicals beised on human and einimal studies as well as 


other supporting data. The classification system divides chemicals into five 


categories: Group A - Carcinogenic in Humans; Group B - Probably Carcinogenic 


to Humans (Bl and B2 for hi(^er and lower degrees of evidence, respectively) ; 


Group C - Possibly CeircirKcgenic to Humans; Group D - Not Classifiable eis to 


Human Clarcinogenicity; and Group E - No Evidence of Cleircincxgenicity for 


Humans. For the indicator chemicals selected for detailed evaluation in this 


FHE, for exanple, EPA heis cleissified eirsenic and vinyl chloride as Group A 


chemiceils, trichloroethylene and PCBs as Group B2 chemicals, and lead as a 


Groi:p C chemical. 


8.4.2 DIRECT OCNTACT WITH SOUS 


Under present site use conditions, indivicjuals may trespass onto the Re-Solve 

site or may p a s s throu^ or play in the areeis to the east, south, and north of 

the Re-Solve site fence. These areas include the wetland to the north, the 

Copicut River, Carol's Brook, the unnamed tributary and all accessible areas 

in between these water bodies. Soils in the Re-Solve site area have been 


found to be contaminated. In this section, the potenticil risks to individuals 
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vrtio may octcasionedly pass throu^ or play in areeis with contaminated soils or 


sediments are assessed. Exposure to contaminated sediments ccxild occur while 


an individual walks through wetlands and stream beds in the area but this 


s c e n a r i o is not considered here since eaqxDsure to surface soils is more 

probable and generally concentrations in soils exceed those in sediments. 


Expcjsure Point Concentrations 


Both on- and off-site soil contaminant data were used to develop eiposure 


point concentrations to eveiluate the potentieil risks eissociated with dermal 


contacct with soils. Surface soil sanples were (colleccted at seven locations 


during the RI (SB47, SB49, SB50, SB52, SB53, SB901, and SB902). The 


shallcwest sanples frcm five of the borings (SB47, SB49, SB50, SB52, and SB53) 


were collected at the surface (0-6 inches). Soil borings 901 and 902 


consisted of one sanple each ccollected at the surface. The (3ata obtained from 


four of these locaticais, SB47, SB50, SB52, and SB53, were used to represent 


on-site surface soil exDnccentrations (i.e., within the fenced-in area). 


Althou^ SB50, SB52, and SB53 are actually situated just outside of the fence, 


they are close enough to the fencced-in area to be considered representative of 


potential on-site contaminant levels. The data c±)tained from six of the seven 


locations, SB49, SB50, SB52, SB53, SB901, and SB902, were used to represent 


off-site soil concentrations. Borings 901 and 902 were situated to the 


southeast of the site above the Algonquin C3as Pipeline Right-of-Way. Boring 


sanple SB49 was collected along the northern roa(3way leading into the site. 


Tables 8-8 cind 8-9 sumnarize the sanpling results for the on-site and off-site 


surface soils, respectively, for the human health indicator chemicals detected. 


It should be noted that arsenic was not detected in any of the on-site surface 


soil sanples. The two surface soil sanples in which arsenic was detected, 


SB901 and SB902, are both situated off site above the Algoncjuin C3as Pipeline 


Ri^t-of-Way. Although eirsenic was detected in several of the below surface 


soil boring sanples cx)llected on site, the measured concentrations in these 


sanples (1.2-7.4 ppm) are well within the range of background arsenic levels 


estimated for Eastern United States soils (Shacklette and Boemgen 1984). The 


mean background soil concentration for Eastern United States soils is 


estimated to be 4.8 ppm. The conccentrations meeisured in SB901 and SB902 were 
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TABIE 8-8 


(XNCENTRATia^S OF HUMAN HEALTH INDICATOR CHEMICAI5 
IN Oti-STTE SURFACE SOIIS 

CXancentration Geometric Mean 
Range Conc:entration'^ 

Conpound^ Frequenci^ (ppb) (ppb) 

trans-1,2-Dichloroethylene 1/4 NE^ - 1 < ie 

Lead 4/4 5,0007-16,OOOjf 8,000 

PCBs 4/4 1,590- 97,000 13,500 

Tetrachloroethylene 2/4 ND - 66 

^Arsenic, (cacJmium, trichloroethylene, and vinyl chloride were not detected in 

on-site surface soils. 


bNumber of sanples in vrfiich contaminant was detected divided by total number 

of sanples. Four soil saitples caDllected at the surface: SB47, SB50, SB52, 

and SB53, were consicJered. 


^̂ kixilculated using detected concentrations and one-heilf of the CLP detection 

limit for organics. 


%ot detected. 


®Less than the detection limit of 1 ppb as marked. 


^J indicates an estimated value. 
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TABLE 8-9 


caticmrRpnnxxiS OF HUMAN HEALIH INDICATOR CHEMICAIS 
IN OFF-SITE SURFACE SOILS 


Concentration C3eametric Mean 
Range Concentration^ 

Conpeund^ (uenci^ (ppb) (ppb) 

Arsenic 2/6 ND^21,000 1,600 


c:acinium 1/6 ND - 7,000 <500e 


Lead 6/6 6,20QJ-81,000jf 20,400 


PCBs 5/6 ND -157,000 3,400 


Tetrachloroethylene 2/6 ND - 17 <5e 


Trichloroethylene 2/6 ND - 17J <5e 


^trans-1,2-Dichloroethylene and vinyl chloride were not detected in off-site 

soil sanples. 


bNumber of sanples in vAiich cxsntaminant weis detected divided by toteil number 

of sanples. Six off-site soil sanples were collected at the surfac:e: SB49, 

SB50, SB52, SB53, SB901, and SB902. 


'̂ î alculated using cietected concentrations and one-half of the CLP detection 
limit for organics. For the inorganic conpounds the detection limit for 
sediments was based on the acjuecus CLP detection limit (see text). 

%ot detected. 


®Less than the detection limit as marked. 


^J indicates an estimated value. 
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15 (J) ̂  ppm and 21 ppn. This informatican suggests that the arsenic levels 


measured off site in SB901 and SB902 may not be related to past waste 


activities at the Re-Solve site, but rather to an off-site scurce of 


contamination. One potentieil scurce of arsenic at these two sanple Icxations 


may result frcm the application of arsenicals as defoliants along the 


Algoncguin Gas Pipeline Ri^t-of-Way. 


Risk Estimation 


In this section, the pcstential risks to children vrtio may cxc(casionally play in 


the contaminated on- and off-site soils eire eveiluated. Exposures to children 


are expected to be greater than for adults, sincce children eire more likely to 


ceme into contact with soil during playing and have nc3t develcped personal 


hygiene practices. Althcxi^ indivi(3ueils frcm the Red eind (Sun Club may also 


come into direct contact with soils in tlie Re-Solve site area, the potential 


exposures to chilcJren are expected to be greater. 


Two e)qx3sure scfnarios are cxjnsidered in this eissessment: (1) em average 


e>qx)sure case and (2) a plausible maximum case. The assunptions used for each 


scenario are summarized in Table 8-10 and are discussed belcw. It was assumed 


that younger children (6-11 years old) would be most likely to play on the 


Resolve Site assuming the fence was kncxdced cScwn and in the off-site soils. 


For the average eoqxjsure case, it was assumed that children wculd visit the 


site area ten times a year, while more fre(3uent visits (50 visits a year) were 


assumed for the plausible maximim case^. It was eissumed that older children 


(12-16 years old) voold be less likely to want to play in the soils at or near 


the site. For the purposes of this risk eissessment, the average wei^t over 


the period of ê ĵcasure was assumed to be 30 kg. 


\ l indicates an estimated value. According to EPA (1984a) definitions, 
estimated values r^resent tentative identification only. 

^A fretjuency of 50 visits/year could be achieved, for exanple, by (1) six 

visits per month between April and October (seven months total) and eight 

additional visits during the remaining five winter months of the year, or (2) 

seven visits per month between April and Octetoer. 
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TABIE 8-10 


ASSUMPITC»JS USED IN ESTTMATING EXPOSURE TO INDICATOR CHEMICAIS 

VIA DIRECT OC»nACT WITH SOILS NEAR THE RESOLVE SITE^ 


Peirameter 


1. Frecjuency of contact 


2. Ages of chilcJren eaqxDsed 


3. Average wei^t over 

period of e3q)osure 


4. Years of ejq)osure 


5. Quantity of soil caning 

into contact with sJcin 


6. Ftercentage of F>CBs in soil 

absorbed thrcxi^ the skin 


7. Percentage of arsenic, 

cadodum and lead in soils 

absorbed thrcu^ the skin 


8. Percentage of tetrachloro­

ethylene, trichloroethy­

lene, and trans-1,2-di­

chloroethylene in soils 

absorbed throu^ the skin 


9. Incidental ingestion 

of contaminated soil 


10.Percentage of PCBs 

absorbed frcm ingested 

soils 


(Present Site Use) 


Average Exposure 


10 times/year 


6-11 years 


30 kg 


5 


1 g/visit 


Negligible 


Negligible 


20 mg/visit 


35 


Plausible Maximum 

Exposure 


50 times/year 


6-11 years 


30 kg 


5 


5 g/visit 


Negligible 


Negligible 


100 mg/visit 


50 


^See t e x t eind Appendix C for (derivation of ejqjosure parameters. 
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Several studies have estimated the levels of soil that come into contact with 


eĵ XDsed skin (Hawley 1985, Kimbrou!^ et al. 1984, Gallacher et al. 1984, 


Schaum 1984). Scdiaum (1984) presented estimates of (juantities of soil 


adsorbed to skin ranging frcm 0.5 to 1.5 milligrams of soil per scjaare 


centimeter of ejqxcsed skin. He based the Icwer value of 0.5 mg/cm^ on the 


work of L^xx/ (1975) in vAiich the (Quantity of soil adsorbed was determined by 


pressing a tape on the heinds of children. The upper limit (1.5 mg/cm^) was 


derived using soil (quantities frcm a stu<3y in vtftiich children's hands were 


rinsed with nitric acid to remove acSsorbed soil (Roels et al. 1980) and 


measurements of the surfacce eireeis of the peilm and fingers reported by Snyder 


(1975 as cited in Schaum 1984). 


Schaum (1984) used a value of 2,940 cm^ to represent the eiqxjsed skin area for 

an adult weeiring a short-sleeved open-necOced shirt, pants, and shoes, and a 

vcilue of 910 cn? for an adult wearing a long-sleeved shirt, pants, and shoes. 

Schaum (1984) also gave an estimated range of 490-1600 cm^ for a 9-10 year old 

child. Hawley (1985) estimated expcjsed surface eireas of 2100 cm^ for young 

cdiildren, 1600 cm^ for older children, and 1700 cm^ for acJults. EPA (1985b) 

presented hi^er estimates for the upper extremities with 4,320 cm^ reported 

for male acJults and for ciiilcSren aged 9-15 estimates ranging from 

2,680-3,370 cm2. 

Upon consicieration of these studies, a range of 1-5 g nay be used to represent 


the average and maximum (juantities of soil that may acJsorb to the skin of 


children, respectively. These values were derived using the EPA (1985b) 


surface areeis for upper extremities of chil(dren 9-15 years of age and the 


Schaum (1984) eoqxssure rate range of 0.5-1.5 mĝ 'em̂ . 


Absorption is another parameter that must be considered in estimating 

exposures. PCBs tend to strongly adsorb to particles and thus they are not as 

bioavailable frcm a soil matrix eis they are frcm a solvent vehicle. Specific 

absorption data for PCBs a r e not available, but they have simileir chemical and 

Eiiysi(cal properties simileir to tetrachlorodlbenzcxlioxin (TCDD), for v*iich 

absorption rates are available. The absorption rates of FCBs in soil were 

therefore estimated by analogy to TCDD. 
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TCEO is well-absorbed (greater than 80%) frcm the gastrointestinal tract v\̂ en 


acSministered as the pure cotpcund in oil (EPA 1985c). The fraction of TCDD in 


soil that is absorbed after ingestion was estimated as approximately 35 to 50% 


(Poiger and Schlatter 1980). For the purposes of this FHE, the oral 

absorption of PCBs in soil was eissumed to be 35 and 50% for the average and 

plausible maximum expcjsure cases, respectively. The proportion of a dentally 

applied dose of TCCD that was absorbed throu^ the slcin of rats was 

approximately 0.3 to 3% in a soil:water paste (Poiger and Schlatter 1980). By 

aneilogy to TCDD, the dermal absorption of FCBs in soil was rou^ily assumed to 

be 1 and 5% for the average and plausible maximum eiposure cases, respectively. 

In studies relevant to the prx±>lem of lead bicavailability in soils and dusts, 

researchers have demonstrated that lead in soils is alnost cxsnpletely 

solubilized by the acid conditions of the stomach (Dacre and Ter Haar 1977, 

Day et eil. 1975). Gastric solubilization must occur for metals in soil to be 

absorbed. Since virtually catplete solubilization does occur , the 

eiq)erimenteilly determined absorption of lead in a solvent vehicle dcses not 

significantly differ frcm the absorption in a soil matrix. As a result, it is 

not necessary to adjust the absorption factor in estimating potential 

ejpcjsures to lead in ingested soils or sediments. For the purposes of this 

risk assessment, it was eissumed that arsenic and cadnium behave similarly to 

lead. Inorganic ccnpcunds are generally not significantly absorbed through 

intact skin and eire less likely to be absorbed vdien bound to soil. 

Consequently, the absorption of eirsenic, cadnium, and lead in soils and 

sedunents through the skin is ccmsiciered to be negligible and weis not 

considered in this eissessment. 

For the indicator VOCs measured in the soils, it was assumed that 

approximately 30% wculd volatilize frcm soils acSsorbed to the skin prior to 

either their ingestion or demal absorption. VOCs are readily soluble and do 

not strongly acJsorb to soils. As a result, the bicavailability of VOCs 

ingested in soils is not expected to differ frcm their bioavailability in a 

solvent vehicle. As with the inorganic indicator ccnpcunds, it was thus not 

necessary to adjust the absorption factor in estimating potential ingestion 

eiqxjsures to VOCs in soils. At the concentrations measured in soils and 
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considering the h i ^ volatility of the indiccator VCX::s, the amount of the VOC 


in soils absorbed across the skin is expected to be negligible. Thus, dermal 


absorption of VOCs was not considered further in this assessment. 


Using the e>q)osure assumptions presented in Table 8-10 and the chemical 


conc:entrations listed in Tables 8-8 and 8-9 the amount of each indicator 


chemical eibsorbed per visit to the Re-Solve site eirrea was calĉ ulated using the 


relevant portions of the follcwing general e(3uation: 


ABS = C(V) ((SC) (X) (AS) + (IN) (Y) (AI)) 

where 

ABS = chemical absorbed per visit (mg), 


C = chemicceil concentration (mg/log), 


V = fraction of VOC not volatilized (0.7, VCX: indicators only; 1 for 


other conpounds), 


SC = soil contact rate (1-5 q/visit), 


X = conversion factor (1 ]cg/l,000 g), 


AS = skin absorption factor (0.01 - 0.05, PCBs only), 


IN = soil ingestican rate (20 - 100 mg/visit), 


V = conversion factor (1 kg/10^ mg), and 


AI = differential ingestion absorption factor (0.35 - 0.50, PCBs only), 


The total amount of absortaed chemical over the 5-year exposure period was 


calculated using the follcwing e(3uatic3n: 


TA = (ABS) (V) (YR) 


vAiere 


TA = total amount of chemiccal absorbed (mg), 


ABS = chemical absorbed per visit (mg), 


V = number of visits per year (10-50), and 


YR = years site is visited (5). 
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The ccumulative amount of each indicator chemical absorbed over the 5 years of 


assumed potential ê x̂Dsure was converted to an average daily eiqxDsure. The 


average cJaily exposure for the chemicals with potential carcincxgenic effects 

(PCBs, trichloroethylene, tetrachloroethylene, arsenic, eind vinyl chloride) 


were prorated over a 70-yeeir lifetime, since the carcinogenic potency factors 


used for risk assessment are calculated for lifetime ejqxDsures. The average 


daily exposure is calculated as follcws: 


ADE = (TA)/(BW) (EP) (365) 


v*iere 


ADE = average cSaily exposure (mg/kg/c3ay), 

TA = t o t a l amount of chemical absorbed (mg), 

BW = body w e i ^ t (30 kg), 

EP = expcssure pericxi (70 yeeirs for carcinogens, 5 years for 
noncarcinogens), eind 

365 = conversion ((days/yr). 


The average (iaily exposures (lifetime for the potential carcinogens; 5 years 


for the noncarcinogens), were used eis the basis for estimating the upper 


lifetime cancer risks associated with ê ĵosure to the potential carcinogens in 


sediments or for ccnparison to the noncarcinogenic chronic allowable intake 


dc3se for the other indicator chemicals. 


The doses eind risks eisscxciated with expcjsure to the indicator chemicals in the 


onsite and off-site surface soils are shewn in Table 8-11 and 8-12. The doses 


are expressed in units of mg/lcg/day and the risks are calculated for a 30 kg 


indiviciual, the assumed average wei^t of a 6- to 11-year-old child. 


The results for e3q)C3sure to on-site surface soils indicate a total incremental 


lifetime (cancer risk (upper bcund) of 6x10"^ under average e:qx)sure conditions 


and 4xl0~5 under plausible maximum conditions. PCBs were the major chemicals 


of concern for this expcjsure. Exposure to off-site surfac:e soils would result 


in a possible total incremental lifetime carKcer risk (upper bound) of 5x10"^ 


for the average case and 8x10"^ for the plausible maximum case. The major 


conpounds contributing to the risk are arsenic and PCBs. As alrea(3y 
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TABLE 8-11 


DOSES AND RISKS ASSOCIATED WITH DIRECT CONTACT (INGESTION AND 


DERMAL ABSORPTION) WITH ON-SITE SOILS AT THE RE-SOLVE SITE 


(Present Site Use) 


A. POTENTIAL CARCINOGENS 


Total Dose (mg/kg/day) 


Averaged Over a 70-Year Incremental Lifetime 


Lifetime Cancer Risk 


Plausible Carcinogenic Plausible 

Potential Average Max i nun Potency Factor^ Average Maximun 

Carcinogen Case Case (mg/kg/day) •1 Case Case 

PCBs 1.5x10'8 9.5x10"^ 4.34 [B2] 6x10 8 4x10' 

Tetrachloroethylene 8.4x10"''2 1.4x10'' 5.1x10'2 tB2] 4x10' 13 7x10 11 

Total 6x10' 4x10' 

S. NONCARCINOGENS 


Total Dose (mg/kg/day) 


Averaged Over a S-Year 


Period Total Dose:RfD Ratio 


Plausible Reference Dose Plausible 


Average Max i nun (RfD) Average Maximun 


Noncarcinogen Case Case (mg/kg/day) Case Case 


trans-1,2-Oichloroethylene Nc'' 3.2x10-''° 0.01 NC 3xl0-8 


Lead 1.5x10"^ 7.3x10"6 6.7x10-^'= 2x10''* 1x10'2 


Total -- 2x10'* 1x10'2 


^The carcinogenic potency factor is the same as the init risk. All potency factors used in this report are 


followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of these 


designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in other EPA 


documents. 


'^otal dose and risk were not calculated for trans-1.2-dichloroethylene for the average case because the 


geometric mean soil concentration for this chemical was determined to be less than its detection limit. 


'̂ Use of a reference dose (RfD) is not recomnended for lead. A draft health advisory (HA) value of 2x10'' mg/day 


(6.7x10*^ mg/kg/day) based on a sensitive subpopulation of fetuses and infants is provided for guidance. 
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TABLE 8-12 


DOSES AND RISKS ASSOCIATED WITH DIRECT CONTACT (INGESTION AND DERMAL 


ABSORPTION) WITH OFF-SITE SOILS IN THE RE-SOLVE SITE AREA 


(Present Site Use) 


POTENTIAL CARCINOGENS 


Total Dose (mg/kg/day) 


Averaged Over a 70-Year Incremental Lifetime 


Lifetime Cancer Risk 


Potential 

Carcinogen 

Average 

Case 

Plausible 

Max i nun 

Case 

Carcinogenic 

Potency Factor* 

(mg/kg/day)-'' . 

Average 

Case 

Plausible 

Maximum 

Case 

Arsenic 

PCBs 

TetrachloroethyIene 

Trichloroethylene 

2.1x10-' 

3.8x10'' 

HC'' 

NC 
.. 

6.9x10'^ 

1.5x10'5 

3.9x10'''° 

3.9x10'''° 
.. 

15(A) 

4.34 (B2) 

5.1x10'2 (B2) 

1.1x10'2 (82) 

.-

3x10-8 

2x10-8 

NC 
NC 
5x10-8 

1x10'5 

7x10'5 

2x10'''^ 

4x10"''2 

8x10-5 

B. NONCARCINOGENS 


Total Dose (mg/kg/day) 


Averaged Over a 5-Year 


Period Total Dose :RfD Ratio 


Plausible Reference Dose Plausible 

Average Maximun (RfD) Average Maximun 

Noncarcinogen Case Case (mg/kg/day) . Case Case 

Cadni um MC 3.2x10'* 1.4x10-^ NC 2x10-2 


Lead 3.7x10'^ 3.7x10-5 6.7x10-^'= 6x1Q-^ 6x10-2 


Total 6x10- 8x10­

^The carcinogenic potency factor is the same as the uiit risk. All potency factors used in this report are 


followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of these 


designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in other EPA 


docunents. 


n'otal doses and risks were not calculated for tetrachloroethylene, trichloroethylene, and cadmiun for the 


average case because the geometric mean soil concentrations for these chemicals were determined to be less than 


their detection limits. 


'nJse of a reference dose (RfD) for a general population exposure is not recommended for lead. A draft health 


advisory (HA) value of 2x10-' mg/day (6.7x10'* mg/kg/day) based on a sensitive subpopulation of fetuses and 


infants is provided for guidance. 
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disc:ussed, the estimated risks due to ejq̂ soure to arsenic in off-site soils 


may not be asscxciated with contaminants originating from the Re-Solve site but 


rather may be associated with another scurce of contamination such as the 


application of eirsenical ciefoliants eilong the Algon(guin Gas Pipeline 


Right-of-Way. For the chemicals with noncarcinogenic effects under both 


exposure scerarios, the estimated eiposures for bc3th the average and the 


plausible maximum cases are belcw the chronic intake levels of concern. 


8.4.3 INHAIATK^ OF V D I A T H E OCMPCXINDS RELEASED FRCM ON-SITE SOIIS 


Air sanpling for volatile organic cottpcsunds (VOCs) was conducted at the 


Resolve Site on November 8, 1985. The results of this sanpling, presented in 


Section 7, indicate that several VDCs detected frecguently in on-site soils 


were also present in the air. This 1985 air sanpling data will be used to 


eveiluate inheilation exposures to VDCs under present site use cx>nditions. 


EXPOSURE POINT CONCEWTRATK^S 


The measured air d a t a for the human heeilth indicator chemicals is summarized 

in Table 8-13. As can be seen, only two indicator VDCs, tetrachloroethylene 

and trichloroethylene, were detected (iuring the sanpling period. The measured 

d a t a are considered to be the most reliable indicators of potential on-site 

VOC levels available, given the large unccertainties inherent in using soil 

volatilization and air ncdels to estimate on-site air levels and given the 

spatial variability of current soil VOC levels at the site. The measured air 

d a t a were thus used as a basis for developing ejposure point concentrations. 

It should be noted, hcwever, that the risks presented for this eĵ xDsure 

pathway only take into acccunt exposures to the two measured VOCs and thus the 

calculated risks may be underestimated. 

The meteorolc:gical conditions (iuring the six-hour air sanpling period for VOCs 


were clear, sunny, eind ccx)l (approximately 50°F) with li^t westerly winds 


(approximately 4.5 itph). large portions of the site were under water due to 


heavy rainfall earlier in the week and soils cm site were soggy. 
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TABLE 8-13 


MEASURED AND SELECTED EXPOSURE POINT CONCENTRATIONS OF VOLATILE ORGANIC 

HUMAN HEALIEH INDICATOR CHEMICALS AT THE RESOLVE SITE 


Selected Maximum 

Gecauetric Miean Exposure Point 


Measured (Concentration Concentration'^ Concentration'^ 

Chemical^ Freĉ uencŷ  Range (mg/m-*) (mg/m3) (mg/m^) 


Tetrachloro­
ethylene 

 3/3 3.4xl0"3 ­ 3.4x10-2 9.2x10-3 9.2x10-2 

Trichloro­
ethylene 

3/3 1.6x10-3 _ 5.4x10-3 3.5x10-3 3.5x10 -2 

^ The other volatile organic human health indicator chemicals, vinyl chloride 

and trans-l,2-dlchloroethylene, were not detected in the air sanples. The 

air sanples were not tested for PCBs. 


^ Number of sanples in Vi*iich contaminant was detected divided by total number 

of sanples. Three dcwnwind sanples collected at the site, 4, 4 Dup, and 5, 

were used for this table. 


^ The gecmetric mean concentration weis based on the measured data and was used 

as the mean exposure point concentration. 


d Because the soil cxjnditions (iuring air sanpling were wet and the 
tenperature relatively c o o l , the meeisured VOC levels were not considered 
representative of levels that could be eissociated with worst-case 
conditions. Thus, the maximum exposure point concentrations were assumed to 
be one order of magnitude greater than the geometric mean concentrations. 
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Volatilization fron soils is likely to be highest, however, (iuring hot pericds 


when the soil is ciry. As a result, the air sanpling measLirements taken at the 


Re-Solve site are unlikely to have been (collected under worst-case 


volatilization conditions. 


The specific meteorological conditions (during sanpling were considered in 

selecting ejqx>sure point concentrations for this exposure pathway. The 

gecjmetric mean concentrations shewn in Table 8-13 were used as exposure point 

concentrations for the average exposiire c a s e . For the plausible maximum 

ejqxjsure case, hcwever, it was eissumed that VOC levels at the site would be an 

order of magnitude greater on the average than the mean concentrations. In 

evaluating potentieil esposures, the exposure point conccentrations were assumed 

to represent average VOC levels ciuring pericxds v*ien volatilization is expected 

to occ:ur (e.g., no snow cover) at and immediately adjacent to the site (e.g., 

between the eeist site fence eind the (Zepicut River). In a(3dition, it was 

assumed that the measured VDC d a t a would reflect potentieil future VOC air 

levels at the site. Hcwever, many factors (e.g., VDC degra(aation and 

transport frcm soils and construction-related soil disturbances and runoff) 

would likely influence the extent of VDC volatilization from on-site soils. 

Given the limited meteorological conditions under v4iich the air sanpling was 

con(iu(cted and the potentieil for VOC removeil processes to affect 

volatilization, the selected eiqxDSure point concentrations cculd potentially 

either underestimate or, more likely, overestimate actual average VOC air 

levels. 

Risk Estimation 


Inheilation ej^xsures to VDCs under present site use conditions were evaluated 


for indiviciueds assumed to intermittently pass through the Re-Solve site area 


such eis children, members of the Rod eind Gun Club, or nearby residents. 


Althou^ methods are theoretically available to estimate concentrations at 


off-site reenter Icxations (the nearest rec:eptor is about 142 m away), their 


application would yield air (concentrations vdiich would be hi^ily uncertain and 


could not be veilidated for ttds site.^ 
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The assunptions for the average and plausible maximum ejpcasure scenarios are 


summarized in Table 8-14. It weis eissumed that indiviciuals six years and older 


would trespeiss onto the site or pass neeirby the site ferKce 10 times/year for 


the average eiqjosure case and 50 times/yeeir for the plausible maximum exposure 


case. It was also assumed that the same indiviciual would visit the site for a 


totcil period of 30 years for the average case and 64 years (i.e., 6-70 years) 


for the plausible maximum case. Each visit to the site area was assumed to 


last 30 minutes. During the eĵ josure period, a li^t activity inhalation rate 


of 0.014 m3/min (14 1/min or 20 m3/(3ay) was assumed based on data presented in 


EPA (1985b). It was also assumed that the inhaled VOCs were completely 


absortjed in the lung. 


The toteil amount of chemical absorbed over the exposure period was calculated 

using the ecjuation: 

T^ = (Cair) (IR) (D^) (V) (YR) 

v*iere 

Caij. = VDC air conccentration (mg/m3), 


TA = tc3tal amount of chemical absorbed (mg), 


IR = inheilation rate (0.014 m3/min), 


tXir = (iuration of exposure per visit (30 mijVvisit), 


V = number of visits per yeetr (10-50), eind 


YR = years area is visited (30-64). 


1 Two methcris cculd theoretically be used to estimate off-site VOC 
concentrations. First, meeisured can-site air data could be used in 
conjunction with assumptions regeirding the extent of dispersion and dilution 
a s the airborne VDCs move off-site. Second, a soil volatilization model 
could be used to estimate emission rates frcm soils for use in an area 
source dispersion model. Standard approaches for these two methcxds have not 
been developed for use in risk assessments and neither method has been 
extensively validated in the field. 
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TABIE 8-14 


ASSUMPnC»lS USED IN ESTTMATING EXPOSURE TO 

VDLATILE ORGANIC INDICATOR CHEMICALS 

VIA INHALATTOI NEAR THE RE-SOLVE SITE 


(Present Site Use) 


Plausible 
Average Maximum 

Paramet.er Exposure EbqxDsure 

1.	 Frecjiency of contact 10 times/year 50 times/year 


2.	 Age of indiviciueil exposed 6 ypars-adult 6 years-adult 


3.	 Average wei(^t over 70 kg 70 kg 

period of exposure 


4.	 Years of exposure 30 64 


5.	 EXiration of expoeare 30 minutes 30 minut.e.s 

6.	 Inhalation rate 0.014 in3/min 0.014 m3/min 


7.	 Percentage of tetra­ 100 100 

chloroethylene and 

trichloroethylene 

absorbed thrcu^ the 

lung 
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The cumulative amount of each indicator VDC absorbed over the exposure period 


was converted to an average (daily exposure. The average (daily exposure for 


trichloroethylene and tetrachloroethylene, chemicals with potential 


carcinogenic effects, were prorated over a 70-year lifetime assuming a body 


wei^t of 70 ]^. 


Estimates of the pcstentieil carcincsgenic risks were c±)tained by multiplying the 

average daily exposures hy the (carcincDgenic potency factors for inhalation 

exposure. The potential incrementeil lifetime cancer risJcs asscxciated with 

inhalation of VDCs released from c»ntaminated soils at the Re-Solve site are 

shown in Table 8-15. These veilues represent the upper limit on the excess 

lifetime cancer risk that mi^t occur as result of exposure under these 

present site use scenarios. The excess lifetime cancer risJcs associated with 

the average ê qxasure case and the plausible maximum expcjsure c a se may be as 

higih as 9x10-^ and 1x10"^, respectively, but they are unlikely to be higher 

than these values. 

8.4.4 INHAIAITCW OF PARLTCUIATE MATTER RELEASED FRCM ON-SITE SOILS 


Contaminants present in soils at the Re-Solve site may be suspended into the 


air by turbulence in the environment (i.e., wind). Because the site surface 


is generally not vegetated, soils are e:q)osed to the air. As a result, 


Re-Solve site soils are pjeirticuleirly susceptible to suspension especially 


ciuring (iry, windy conditions. In this section, potential expcjsures due to 


inhalation of particulate matter cxaitaining chemicals from on-site soils are 


evaluated. 


E}̂ )osure Point Concentrations 


Sanpling of eiirbome particulate matter was cconducted at the Re-Solve site on 


November 8, 1985, at the same time as the VDC air sanpling effort. As already 


mentioned in Section 8.4.3, the soils on site were soggy (iuring the one-day 
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i TABLE 8-15 

DOSES AND RISKS ASSOCIATED WITH INHALATION OF VOLATILE ORGANIC CHEMICALS RELEASED FROM RE-SOLVE SITE SOILS 

(Present Site Use) 


• Total Dose (mg/kg/day) 


Averaged Over Incremental Lifetime 


• a 70-Year Lifetime Cance r Risk 


i Plausible Carcinogenic Plausible 


Potential Average Max i nun Potency Factor^ Average Maximum 
V 
Carcinogen Case Case (mg/kg/dav)-'' Case Case 


•i 
Tetrachloroethylene 6.5x10'^ 6.9x10'5 4.6x10-3 [82] 3x10-9 3x10'^ 


1 
 Trichloroethylene 2.6x10'^ 2.6x10'5 2.5x10'2 [A] 6x10'9 7x10-^ 


1 Total 9x10'9 1x10-6 


t 
 ^The carcinogenic potency factor is the same as the (xiit risk. All potency factors used in this report are 


I 

followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of these 


designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in other EPA 


docunents. 


I 


I 
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TABLE 8-17 


DOSES AND RISKS ASSOCIATED WITH INHALATION OF CHEMICALS IN PARTICULATE HATTER 


RELEASED FROM RE-SOLVE SITE SOILS 


(Present Site Use) 


A. POTENTIAL CARCINOGENS 


Total Dose (mg/kg/day) 

Averaged Over a Incremental Lifetime 


70-Year Lifetime Cancer Risk 


Average 

Case 

Plausible 

Max i nun 

Case 

Carcinogenic 

Potency Factor^ 

(mg/kg/day) •1 
Average 

Case 

Plausible 

Maximum 

Case 

PCBs 1.9x10-''^ 1.5x10-8 4.34 (B2) 8x10-11 7x10 •8 

B. NONCARCINOGENS 


Total Dose (mg/kg/day) 

Averaged Over the 

Exposure Period Total Dose:RfD Ratio 

Plausible Reference Dose Plausible 


Average Maximun (RfD) Average Maximun 


Case Case (mg/kg/day) Case Case 


Lead 5.3x10'" 5.3x10-9 6.7x10-*'' 8x10 8 SxIQ­

^The carcinogenic potency factor is the same as the unit risk. All potency factors used in this report are 


followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of these 


designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in other EPA 


docunents. 


'\lse of a reference dose (RfD) is not recomnended for lead. A draft health advisory (HA) value of 2x10"^ mg/day 


(6.7x10'* mg/kg/day) based on a sensitive subpopulation of fetuses and infants is provided for guidance. 


8-53 




Exposure Point Conccentrations 


The general pattern of contaminant distribution cSsserved in the surface water 


is that hi(^er cxjncentrations of contaminants are present close to the site, 


with successively more dilute concentrations dcwnstream. In assessing the 


potential risks frcm wading in the surfacce water, the maximum concentrations 


in surfacce water are used eis the maximum exposure point concentrations, and 


the geometric mean cxancentrations are used as the average exposure point 


concentrations. The maximum conccentrations were measured predominantly in the 


unnamed tributary. Althoun^ wading is unlikely to cxxur in this tributary due 


to its snail, intermittent nature, these maximum concentrations were used to 


cheiracterize potential worst-case cconcentrations in more accessible waters 


(i.e., the Ccpicut River) under lew flew conditions. The eiqxDsure point 


cconccentrations are presented in Table 8-18. 


Risk Estimation 


In this section, the potentieil risks to indivi(iuals who may cxxcasionally wade 


in the larger bodies of surfacce water are evaluated. 


Both an average esposure cceise and a plausible maximum exposure case are 

considered in this assessment. The eissunptions used for each of these 

eŝ josure scenarios are summarized in Table 8-19 and discussed below. It was 

assumed that teenagers (13-17 yeeirs old) would be most likely to wade in the 

surface water neeir the Re-Solve site. The (iuration and fre(3uency of water 

contact used for the average case analysis are the national average figures of 

7 d a y s / y e a r and 2.6 hours/(iay (Versar 1986). The maximum plausible exposure 

scenario will consider water contacrt: over five years of one day/week for 

June-August (12 (iays/yeeir) eind 2.6 hc3urs/day. For the purpcsses of this risk 

assessment, the average wei^t over the period of ê qxDsure was assumed to be 

45 kg. The ejposed surface area for a teenager was assumed to be 6,500 cm2 

for the average case eind 9,500 cm2 for the plausible naximum case. These 

surface areas are based can surface area ciata provided in EPA (1985b) by body 

part for teenagers. The average value eissumed expcssure of the feet and legs 

v^ereas the maximum value eissumed exposure of the feet, legs, arms, and hands. 
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TABIE 8-18 


OaiCENTRAnaJS OF HUMAN HEALIH INDICATOR CHEMICAIS 

IN SURFACE WATER IN THE RE-SOLVE SITE AREA 


Gecmetric 
Concent ra t ion Mean 

Range Concentration'^ 
Conpeund^ Frecjuency^ (ppb) (ppb) 

Cadnium 2/12 3 . 8 - 5 . 1 <5d 
Lead 2/12 6 . 2 - 6 . 5 <5d 
PCBs 2/15 0 .52-1 .2 0.53 
t r a n s - 1 , 2 -•Dichloroethylene 14/22 15-2,000 43 
T r i c h l o r o e t h y l e n e 10/22 2-460 8 
Vinyl cdiloride 9/22 1-350 13 

^Neither arsenic nor tetrachloroethylene were detected in surface water 

sanples at detecction limits of 10 ppb and 5 ppb, respectively. 


bNumber of sanples in >*iich contaminant weis detected divided by the total 

nuniber of sanples. 


CceLlculated using detected, concentrations eind one-half of the CLP detecction 
limit. 

^Less than the EPA CLP detection limit given. 
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TABLE 8-19 


ASSUMPTK^JS USED IN ESTTMATING EXPOSURE TO INDICATOR CHEMICAIS 

FRESENT IN SURFACE WATER NEAR THE RE-SOLVE SITE 


(Present Site Use) 


Average Plausible Maximum 
Parameter Esposure Exposure 

1.	 Frecjuency of contact 7 t imes/yr 12 t imes/yr 

2.	 Average w e i ^ t over period 
of ejqjosure 45 log 45 kg 

3.	 Years of exposure 5 y  r 5 yr 

4.	 Duration of eoqxcsure event 2.6 h r 2.6 hr 

5.	 Skin surface avai lable for 
contact 6,500 cm2 9,500 cm2 

6.	 Flux r a t e of water across 
sJcin 0.5 mg/cm2/hr 1.0 mg/cm2/hr 
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A sinplified approach presented in the Draft Superfund Exposure Assessment 


Manucil (Versetr 1986) is used to estimate exposures ciue to dermal absorption. 


This approach eissumes that contaminants are (carried throu<^ the skin as a 


solute in water that is absorbed (rather than being preferentially absorbed 


independently of the water). Dermal ejposure per event is calculated as 


follcws: 

DEX = (D) (A) (C) (Flux) 

vAiere 

DEX = estimated demal exposure per event (mass of ccontaminant per 
event), 

D = (iuration of ê x̂asure event (hours), 

A = skin surface available for ccontact (cm2), 

C = ccontaminant concentration in water (wei^t fraction), and 

Flux = flux rate of water across skin (mass/cm2/hr). 


The flux rate of water across the skin boundary is eissumed to be the factor 


controlling the contaminant absorption rate. Althou^ the Ejqjosure Assessment 


Manual suggests using a flux rate of 0.5 mg/cm^/hr, more recent data suggest 


this value may be closer to 1 mg/an2/hr (Brown et al. 1984). In this 


assessment, 0.5 mg/cm2/hr will be used to evaluate the average exposure 


scerario, eind 1 nig/cm2/hr will be used to evaluate the maximum plausible 


exposure scenario. 


Table 8-20 presents the doses and risks asscxciated with the exposure scenarios 

discussed above. The dose per exposure event is presented for all of the 

indicator chemicals. For the pcjtential carcinogens the total dose averaged 

over a 70-year lifetime is presented. This total dose is multiplied by the 

carcinogenic potency factor to cietermine the inccremental lifetime cancer 

risk. These risks represent upper bound lifetime cancer risks and are 

estimated to be 9x10"^ for the average expcjsure cease and 1x10"^ for the 

plausible naximum exposure c a s e . The chemicceil associated with the greatest 

incremental risk is vinyl chloride. 

For the nonccarcinogenic indicator chemicals, the total dose averaged over the 


pericxi of eiqjosure (5 years) is cJetermined. For each chemiccil, the total dose 
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TABLE 8-20 


DOSES AND RISKS ASSOCIATED WITH DERMAL ABSORPTION OF CHEMICALS WHILE WADING IN THE RE-SOLVE SITE AREA 


(Present Site Use) 


A. POTENTIAL CARCINOGENS 


Potential 


Carcinogen 


PCBs 


Trichloroethylene 


Vinyl chloride 


Total 


Dose/Event 


Average 


Case 


9.9x10'^ 


1.5x10'6 


2.4x10'6 


(mg/kg/event) 


Plausible 


Maximum 


Case 


6.5x10'^ 


2.5x10'* 


1.9x10'* 


Total Dose Averaged 


over 70-Year Lifetime 


(mg/kg/day) 


Plausible 


Average Maximun 


Case Case 


LSxIO'lO 1.5x10'9 


2.1x10-9 5.9x10'^ 


3.3x10-9 4.5x10'7 


Carcinogenic 


Potency Factor^ 


(mg/kg/day)-I 


4.34 tB2] 


1.1x10-2 [32] 


2.3 [A] 


Incremental Life­


time Caricer Risk 


Plausible 


Average Maximun 


Case Case 


6x10-10 7x10-9 


2x10-''1 7x10-9 


8x10'9 1x10''^ 


9x10-9 1x10"'^ 


B. NONCARCINOGENS 

Dose/Event (mg/kg/event) 

Total Dose 

over 5-Year 

Averaged 

• Lifetime 

(mg/kg/day) 

Total 

Total Dose 

Dose: 

:RfD Ratio 

Noncarcinogen 

Average 

Case 

Plausible 

Maximun 

Case 

Average 

Case ° 

Plausible 

Maximum 

Case 

Reference Dose 

(RfD) 

(mg/kg/day) 

Average 

Case 

Plausible 

Maximun 

Case 

Caokniun 

Lead 

trans-1,2-Dichloroethylene 

Total 

NC** 

NC 
8.1x10'8.1x10'** 

2.8x10'* 

3.6x10'* 

1.1x10'3 

NC 

NC 
1.5x10'^ 

9.2x10'^ 

1.2x10'^ 

3.6x10'5 

1.4x10'* 

6.7x10-*= 

1.0x10'2 

NC 

NC 
2x10'5 

2x10-5 

7x10'* 

2x10'* 

4x10-2 

5x10 -3 

^ The carcinogenic potency factor is the same as the unit risk. All potency factors used in this report are 


followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of these 


designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in other EPA 


documents. 


° Total doses and risks were not calculated for cadniun and lead for the average case because the geometric mean 

surface water concentrations for these chemicals were determined to be less than their detection limits. 

'' Use of an acceptable daily intake (AIC) is not recomnended for lead. A draft health advisory (HA) value of 2x10'^ 


mg/day (6.7x10'* mg/kg/day) based on a sensitive subpopulation of fetuses and infants is provided for guidance. 
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is much less than the reccmmended reference dose for each, resulting in hazard 


indices for each exposure sccenario of much less than one, indicating that 


these exposures would not be a cause for concern. 

8.4.6 INHALAnC»I OF VDLATILE OCMPOUNDS RELEASED FRCM SURFACE WATER 


The cconpounds deteccted at the Re-Solve site are transported to the Copicut 


River in surface water and groundwater. Many of these conpounds are volatile 


organiccs vAiich may be released frcm surface water into the air and transported 


dcwnwind. Indiviciuals residing near the site may then be exposed via 


inhalation to these volatile organic conpounds (VDCs). In this section, 


potentieil ejposure to VDC:s released frcm surface water eind eisscxciated risks 


for off-site receptors (i.e., neeirby residents) are estimated. The available 


VDC air ciata (see Secction 8.4.3) measured on site was not used to estimate 


expcjsures to neeirby residents because air modeling approaches are not yet 


scphisticated enou^ to eillcw prediction of off-site, dcwnwind air levels 


using on-site meeisured air levels for an area source of contamination. 


Eb̂ )osure Point Concentrations 


It wcis assumed in this ejqxosure scenario that the Cepiccut River would act as 


the source of VDCs releeised into the air. The surface water sanple data used 


to estimate VDC emissions fron the river conservatively included sanples 


collected frcm both the Copicut River and the unnamed tributary. Contaminants 


were observed to be more cxancentrated in the snail tributary and were used in 


this scenario to reflecct potential worst-case VDC conccentrations in the 


(Zcpicut River under lew flew conditions. Table 8-21 presents the 


cconcentrations of volatile indicator chemicals detected in the unnamed 


tributary and the Cepiccut River and their frecjuency of detection. 


The magnitude of chemicceil volatilization frcm the Ccpicut River was estimated 


by first ccalculating the flux rate of each chemical as follows: 


F = KL Cfc/lOOO 


Vyhere 


F = chemiccal flux (ug/cm2-hr), 
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TABIE 8-21 


CCNCENTRATICaiS OF VOLATILE HUMAN HEALLH INDICATOR OiEMICALS IN THE 

UNNAMED TRIBOTARy AND THE COPICUT RIVER AT THE RE-SOLVE SITE 


Gecmetric 

Concentration Mean 


Range Concentration 

Chemiccal̂  Frecjuencî  (ppb) (ppb)C 


PCRs 2/11 ND - 1.2 <0.5d 

Trichloroethylene 8/16 ND - 330 10 

trans-1,2-Dichloro­

ethylene 13/16 ND - 2,000 70 


vinyl chloricie 8/16 1 - 350 15 


^Concentrations in the unnamed tributary and Ccpicut River were beised on 

surface water sanples: SWOl, 03-05, 08-11, 103-104, 106-108, 203-204, and 

206. The volatile indicator chemical tetrachloroethylene was not deteccted in 

any of these sanples. 


bwuniber of sanples in viiich contaminant was detected divided by the total 

number of sanples. 


<̂ Ĉeilculated using deteccted ccsncentrations and one-half of the CLP detection 

limit. 


•^he calculated gecmetric meein concentration was less than the CLP detection 
limit of 0.5 ppb. 
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KL = overeill mass t ransfer coeff icient (cra/hr), 

C ,̂ = water cconcentration [ppb = u g / l ) , and 

1000 = 1,000 cmVl-

The overal l mass t ransfer ccsefficient weis calcculated according t o the 

twc3-layer film mcxiel prcposed by Liss and S la te r (1974): 

f  l + _OT"]_ 1KL = 
[kl HkgJ 

where 

k l = licjuid-phase mass t ransfer coeff icient (cm/hr), 

leg = gas-phase mass t ransfe r ccsefficient (cmv^hr), 

R = gas constant (8.21x10"^ atm-mV^nol-K), 


T = tenperature (286 K)^, and 


H = Henry's Law Constant (atm-mVinol) • 


The theory behind the two-layer film approach is that there is resistance to 

mass transfer in both the air and water interfacieil layers. It is assumed 

that the bulk of the water bedy is well mixed with a thin surface layer across 

which a cconcentration graciient exists. It is also assumed that the air above 

the water is well mixed and that a thin layer above the water surface contains 

a second concentration greidient. The concentrations across the thin layers 

cure eissumed to be unequal (i.e., the volatilization rate to the air dcces not 

eiyjal the rate of the reverse process), eind the condensation from the air to 

the water is limited by the Henry's Law Constant. The domineint prcxcess 

considered in this mociel is molecular (iiffusican, vi*Lich is dependent on the 

E±ase exchange coefficients lather than vaporization from the solution (Lyman 

et al. 1982). 

The licjuid- and geis-phase nass transfer coefficients were ccalculated as 


follows (Lyman et al. 1982): 


^The average annual river water tenperature was based on USGS data collected 

from the nearest river of simileir drainage, the Chipuxet River in West 

Kingston, Rhode Island (USGS 1974). 
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kg = 3,000 (18) V 2 (cnvlir) 

MW 


kl = 20 (44) V 2 (cjo/hr) 
MW 

where 


MW = cotpcund molecular wei^t. 


The estimated nass transfer cccsefficients (l<g, ki, and KjJ a r e tabulated in 

Table 8-22. Using the overall mass transfer coefficient estimates, the flux 


of each chemical from the river ccan then be calculated for an average and a 


plausible maximum case. The gecmetric mean surface water cconcentrations 


presented in Table 8-21 eire used to estimate average flux rates while the 


maximum concentrations were used to estimate the plausible maximum flux 


rates. These flux values are presented in Table 8-23. 


In order to estimate dcwnwind air concentrations, the chenucal flux values 

must be converted into emission rates that ccan be used in em air dispersion 

model. The type of air model considered most apprcpriate for estimating 

dcwnwind concentrations fron the Ocpicut River was a line scurce model (Turner 

1970). Thus the chemical flux values were converted into line source emission 

rates (e.g., in units of mg/m-sec) by the equation: 

Q = FW (100)/[(3600)(1000)] 


where 

Q = emission rate (mg/m-sec), 


W = river wicith (cm), 


100 = 100 OD/ra, 

3600 = 3600 sec/hr, and 


1000 = 1000 ug/mg. 


The estimated emission rates are eilso shewn in Table 8-23 assuming an average 


river width of 427 cm (14 feet). Use of these flux rates to estimate 


long-term emission rates cconservatively eissumes that the source of volatiles 


in the air will remain constant over several decades. It is, however, likely 


that the source will become less strong over time as VOCs are depleted by 
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TABLE 8-22 


ESTIMATES OF MASS TRANSFER OOEFFICIENIS FOR VOLATILE 

INDICATOR CHEMICALS DETECTED IN THE UNNAMED 


TRIBUTARY AND THE OOPICUI RIVER 


Henry's Taw 

Constant ^1 KL 

Oiemical (q/mDl)a (cn^hr) (cnvhr) (atm-mVinol) ^ (cm/hr) 


PTRs 328 1.07x10-3 703 7.3 5.96 


trans-1,2-Dichloro­

ethylene 97 6.56x10-3 1,292 13.5 13.0 


Trichloroethylene 131 9.10x10-3 1,112 11.5 11.2 


Vinyl Chloricie 63 8.19xl0"2 1,603 16.7 16.7 


^Source: EPA (1986a). 
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TABIE 8-23 


ESTIMATED FLUX AND WOSSlOtf RATES FOR VDLATTIE INDICATOR CHEMICAIS 

Flux Rate (ug/cm2 - hr) Emission Rate (mg/m-sec) 


Plausible Maximum 

Average Maximum Average Plausible 


PCBs NCa 7.2x10-3 NC 8.5x10-5 


trans-1,2- 9.1x10-1 26.0 l.lxlO-2 3.1x10-1 

Dichloroethylene 


Trichloroethylene l.lxlO-1 3.7 1.3x10-3 4.4x10-2 


Vinyl chloricie 2.5x10-1 5.8 3.0x10-3 6.9x10-2 


^Not calculated because mean PCB surface water conccentration was less than the 

CLP detection limit. 
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degradation, volatilization, acivection, and other removal proccesses. It 


should be noted that the assumption that the VDC scurce strength will remain 


constant over time may overestimate exposures and associated risks. 


The annual average air concentrations dcwnwind frcm the Copicut River were 


estimated based on Turner's (1970) infinite line scsurce model acccording to the 


ecjuation: 


-1 H
Cair (x,H) = ^Q <^) 

^ (2>Tr)^'VzU ^ ~2 a \ 


v*iere 


Cajjj. = air conccentration (ing/m3), 


X = distance to nearest residence (m), 


H = hei<^t of reenter (m), 


Fr = fraction of year wind blows towards recceptor, 


^ 2 ~ vertical dispersion coefficient (m), and 

u = annual average wind speed (nv/sec). 


The nearest resiciences to the site are Icxated 150 yards (142 m) to the 

northwest and southwest of the site and west of the Cepiccut River. Assuming 

neutral atmospheric stability (Stability Class D), the vertical dispersion 

coefficient, C z i is estimated at 6.4 m. Although the wind direction is 

predominantly frcm the scuthwest throughout the yeeir as measured at 

Providence, Rhode Island, it was conservatively assumed that the wind would 

blew frcm the east (i.e., towards the receptors) 30% of the year (i.e., Fr = 

0.3). The annual average wind speed, u, was eissumed to be 4.8 n/sec based on 

measurements frcm Providence, Rhode Island (NOAA 1980). Receptor hei<ght, H, 

was eissumed to be 2 m. Table 8-24 presents the estimated air cconcentrations 

for the recĉ )tors nearest to the Re-Solve site. 

Risk Estimation 


In this section, the potentieil risks to nearby receptors throu^ the 


inhalation of volatile organic chemicals released from surface water are 
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TABLE 8-24 


ESTIMATES OF AMBIENT AIR OC»JCENrRAnONS 

DOWNWIND FRCM THE COPICUT RIVER 


Air conccentration (mg/m3) 


Chemical Average Plausible Maximum 


PCBs NC^ 6.6xl0-'7 

trans-1,2-Dichloroethylene 8.6x10-5 2.4x10-3 
Trichloroethylene 1.0xl0"5 3.4x10-4 

Vinyl Qiloride 2.3x10 r 5 5.4x10-4 

^NC = Not ccalcculated because meein PCB surface water conccentration was l ess 
than the CLP detection l imi t . 
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estimated. Two cceises will be considered, an average cceise and a plausible 


maximum case. 


The calculated air concentrations can be converted to chronic average daily 


doses using the follcwing ecjuation and assuming that 100% of the inhaled 


chemical is absorbed by the body: 


(Cair) (IR) 

ADD = ­

vrtiere 


AM) = chronic average (iaily dcase (mg/kg/day), 


Cajj- = concentration in air (nig/m3), 


IR = inheilation rate (20 m3/caay), and 


BW = bcxiy wei^t (70 kg). 


This ecjuation cconservatively assumes that an indiviciual would be exposed every 


day for a 70-yecir lifetime. The estimated average ciaily doses are presented 


in Table 8-25. The pcjtentieil cancer risk associated with these exposures is 


obtained by multiplying the dccse by the carcinogenic potency factor for 


inhalation exposure. These risks, also presented in Table 8-25, represent the 


upper limit on the lifetime cancer risks asscxciated with this ejqxcsure 


scceneirio. 


The excess lifetime cancer risks eisscxciated with the average exposure case and 


the maximum ê qxssure case may be as high eis 2x10-^ and 5x10"^, respectively, 


but they are unlikely to be higher than these veilues. As can be seen in Table 


8-25, the dose:RfD ratio for trans-1,2-dichloroethylene is much lower than one 


for both exposure scenarios, indicating that this eĵ xcsure pathway poses no 


health threat to the surrounding population. 


8.4.7 INGESTTCN OF O^flAMINATED FISH 


In this section, the risks frcm consumption of fish from two areas downstream 


frcm the site, the Ccpicut River and Cornell Pond, are addressed. PCB levels 


measured in fish fillets frcm fish collected dcwnstream of the site fall into 


three groups: 
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TABLE 8-25 


DOSES AND RISKS ASSOCIATED WITH INHALATION OF VOUTILE CHEMICALS RELEASED FR(3M THE COPICUT RIVER 


(Present Site Use) 


A. POTENTIAL CARCINOGENS 


Total Dose (mg/kg/day) 


Averaged Over a Incremental Lifetime 


70-year Lifetime Cancer Risk 


Plausible Carcinogenic Plausible 

Average Maxinun Potency Factor^ Average Maximun 

Case Case (mg/kg/day)'^ Case Case 

-7
PCBs NC** 1.9x10'' 4.34 (B2) NC 8x10 


Trichloroethylene 2.8x10'* 9.7x10'5 4.6x10'3 (82) 1x10'^ 4x10" 


Vinyl chloride 6.6x10'* 1.5x10'* 2.5x10"2 (A) 2x10'^ 4x10' 


Total 2x10 5x10' 
-7 


B. NONCARCINOGENS 


Total Dose (mg/kg/day) 


Averaged Over 


a 70-Year Lifetime Total Dose:RfD Ratio 


Plausible Reference Dose Plausible 


Average Maximun (RfD) Average Maximun 


Case Case (mg/kg/day) Case Case 


trans-1.2-Dichloroethylene 2.4x10'5 6.9x10'* 0.01 2x10'- 2x10" 


^The carcinogenic potency factor is the same as the init risk. All potency factors used in this report are 


followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of these 


designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in other EPA 


docunents. 


°NC = Not calculated because the geometric mean PCB surface water concentration was less than the CLP detection 


I i mit. 
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1.	 six sanples of fish (golden shiner, yellow perch, chain pickerel) 

frcm Cornell Pond: range, 0.26-1.05 ppm, mean 0.46 ppm. 


2.	 One sanple of fish (redfin pickerel, American eel) from Copicut 

River: 20 ppm. 


3.	 One pcxjled sanple of fish (brown bullhead) from both locations: 1.10 

ppm. 


It is nc3t clear frcm the sediment sanpling results [Table 4-2 in the Draft 

Off-Site Remedial Investi<gation R^xsrt (CCM 1985) ] v^ether the difference in 

VCB levels between groups 1 and 2 above results frcm the differences in fish 

species or frcm hi^ier levels of contamination in the Copicut River. However, 

studies in Canada have indl(cated that Americcan eel typically have much higher 

PCB levels than other fish cau^t in the same waters (Giraham 1976). Hence, it 

is likely that "the h i ^ PCB levels in sanple 2 will prove to be characteristic 

of American eels and that sanpling of eels from Cornell Pond (or downstream in 

the same (irainage system) will shew similarly elevated levels. 

The U.S. Focxi and Drug Administration has set a criterion of 2 ppm for PCB 


concentrations in fish. This level, hcwever, may be changed to 1 ppm in the 


neeir future (Sec±ion 5 of this report). These levels were excceeded in some of 


the fish tissue sanples. 


Table 8-26 presents an ê qxDSure and risk assessment for consumption of 


American eels fron the Copicut River. Under various assunptions about 


consumption of fish, upper bound estimates of lifetime exccess cancer risk 


would be in the range of 7x10"^ to 8x10-3. under the same ejqx̂ sure scenarios, 


there wculd edso be potentieil risks of aciverse effects other than 


carcinogenesis. For exanple, aciverse effeccts of PCBs (Aroclor 1248) on 


r^rociuction in rhesus monkeys have been reported at a dietary concentration 


of 0.22 ppm (0.5 ppm euiministered 3 ciays per week) aciministered for 7 months 


(Allen et eil. 1979, Bcwmein et al. 1981). Beised on conversion factors reported 

by EPA (1983) and Beu?sc3tti and Vein Miller (1984), this dieteiry concentration 

would correspond to dcsse rates of 9 uq/laj/day or 6.3 ug/kg/day, respectively. 

The dose rates of 1.2-1.9 ug/kg/day calcculated for human consumers of eels 

(Table 8-21) wculd be within a facctor of 5 of these known effect levels. 
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TABLE 8-26 


EXPOSURE AND RISK ASSESSMENT FOR (CONSUMPTION 

OF AMERICAN TTFT.c; EHM THE COPICUT RIVER 


PCB concentraticsn in edible tissue: 20 ppm (assuming single sanple caught in 

Etecember 1985 to be r^resentative). 


Unit canccer risk for PCBs (based on Aroclor 1260): 4.34 (mg/log/day)-1 (USEPA 

1980). 


Exposure Scenario 1 


Long-term consumption of Americcan eels at U.S. average rate of 6.5 g/day for 

freshwater fish (USEPA 1980). 


Average bociy wei^t of consumer = 70 Itg 


Ifean daily intake of PCBs = (6.5) (20)/70 


Upper bcund of lifetime excess ccancer risk = (4.34)(1.88)(10-3) = 8.06 x 10-3 


Exposure Scenario 2 


consumption of American eels (150 g/serving) from the Ccpicut River 10 times 

per year for 10 years. 


Average bcxiy wei(^t of consumer = 70 kg 


Mean daily intake of PCBs = (150)(20)(10)/(70)(365) 

= 1.17 ug/]<g/(iay ((iuring period of eiposure) 
= 0.17 ug/kg/day (lifetime average) 

tpper bcund an lifetime excess ceinoer risk = (4.34) (0.17) (10-3) = 7.4 x 10"'̂  
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The exposure sccenaricss presented in Table 8-26 assume regular consumption of 


eels, and this would be appliccable only to a specialized subgroup of people 


living near the site. For fish species other than eels, reported PCB 


concentrations in edible tissues are in the range of 0.01-0.05 times those in 


eels. Hence, under the same eissunptions expcssures to PCBs via consumption of 


these fish wculd be in the range of 0.01-0.05 times thcase calculated for 


consumption of eels, l^per bcund estimates of lifetime exccess cancer risk 


wculd then feill in the range of 7x10"^ for the average case and 4x10-'* for the 


plausible maximum cceise. 


Data from the National Pesticicie Monitoring Program (NTMP) shew the nationwide 


average level of PCBs from vrtiole bociy freshwater fish sanples as 0.88 ppm for 


1976-1977, falling to 0.53 ppm for 1980-1981 (Schmitt et al. 1985). The 


average PCB level for 1980-1981 was 2.0 ppn for NFMP stations in the coastal 


northeeistem United States, 1.5 ppm for stations in the Great lakes Basin, and 


1.7 ppm for eill these stations combined (Appendix A in Schmitt et al. 1985). 


In fish sanpling on the Connecticut River, the U.S. Fish and Wildlife Service 


has found PCB fillet/vAiole bcxiy ratios ranging frcm 0.2 to 0.5 (Beckett 


1986). Beised on these results, vAiole bcxiy PCB concentrations in fish from the 


Re-Solve site eirea may be two to five times hi^er than the concentrations 


found in the fillets (0.26 - 1.1 ppm). If this is the case, then the results 


frcm the fish sanpling at the Re-Solve site wculd not conpare with the 


national averages. 


8.5 PgrENTlAL DEVELOFMEWT OF THE RE-SOLVE SITE 


Four potentied expccsure pathways may be of concern if the site is developed in 


the future: ingesticai of (irinking water frcm a well drilled on site, ingestion 


of ccontaminated soil, and inheilation of volatile organic conpounds and 


particulate matter released frcm surface soils. These pathways characterize 


hypothetical eipccsure sceneirios that cannot be ruled cut if no remedial 


activities are conducted at the Re-Solve site and no restrictions are placed 


on its use. 
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8.5.1 JNGESnC^ OF CN-SITE (GROUNDWATER 

Elxpcasure Point Conccentrations 


The conccentrations of the human health indicator chemicals in on-site 


unfiltered groundwater sanples were used to evaluate the potential risks 


ass<x:iated with ingestion of groundwater under possible site development 


conditions. The average and maximum unfiltered sanple cconcentrations for the 


human heeilth indicator chemicals are provided in Table 8-27. The groundwater 


sanples considered in this expcjsure pathway are Icxated on site vAiere a well 


could theoretically be insteilled. These sanples are: W-A, CW-G, CW, CE, CW, 


DE, FW, FE, FC, HN, HS, IN, IS, KN, KS, CW-SB04S, 0W-SB09S, CW-SB30S, 


0W-SB34S, 0W-SB25S, CW-SB25D, and CW-SB27D. The groundwater wells situated 


along the Algoixjuin Geis Pipeline Right-of-Way were not included because it is 


inprobable that a well wculd be insteilled on or directly adj accent to a 


ri(^t-of-way. 


It should be reccccgnized that these concentrations were measured frcm 

unfiltered grounciwater sanples. Althcugh PCBs were measured in on-site 

unfiltered groundwater sanples, they were present at levels exceeding their 

solubilities [approximately 60 to 400 ppb (Mackay et al. 1983)]. As a result, 

they are not consiciered r^resentative of potentieil conccentrations that may 

occur in drinking water and are not included in this portion of the risk 

assessment. 

Althcu^ the other chemical ccsncentrations eire used in estimating risl<s, it 


shcxild be Icept in mind that the use of these unfiltered grourxdwater sanple 


ciata may overestimate potentieil risks. An a(iditioneil set of nine groundwater 


sanples were filtered prior to anedysis to eillc«i/ a ccmpeirison of contaminant 


levels in the filtered sanples with levels measured in unfiltered sanples 


obtained frcm the same locations. These results are also shewn in Table 


8-27. The volatile organic indicator ccmnpounds were deteccted as fretjuently in 


the filtered sanples as in the unfiltered sanples collected frcm the same nine 


Icxations. Conccentrations of the volatile ccnpcunds in nost of the unfiltered 
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TABLE 8-27 


COMPARISON OF CONCENTRATIONS OF INDICATOR 


CHEMICALS IN ON-SITE GROUNDUATER TO DRINKING 


WATER STANDARDS OR PROPOSED VALUES 


Exposure Point Concentrations-Unfiltered Data^ Filtered Data"^ 


Geometric Mean Maximun Maximum MCL or 

Concentration Concentration Concentration Proposed 

Chemical Frequency'' <Ppb)'= (ppb) Frequency'' (ppb) Value (ppb) 

Arsenic 15/22 <10« 24 0/9 ND̂  50(509) 


Cadmiun 11/22 9 724 1/9 6.4 10(59) 


Lead 16/22 38 1,120 2/9 14J 50(209) 


Tetrachloro­ 17/22 157 14,000J' 5/9 18,000 


ethylene 


Trichloroethylene 19/22 527 50,000J 6/9 22,000 5̂  


Vinyl Chloride 10/22 47 8.000J 1/9 3,300 lh 


trans-1,2­

Dichloroethy11 ene 17/22 411 83,000J 7/9 79,000 709 


^The groundwater sanples used to assess risks were infiltered when analyzed. Use of these concentrations 


may overestimate risks associated with ingestion of drinking water from an on-site well. PCB data were not 


included in this data sunmary because many of the reported groundwater concentrations exceeded the aqueous 


solubilities for PCBs. Groindwater sanple locations considered were: W-A, OW-G, CW, CE, DW, DE, FW, FE, 


FC, HN, HS, IN, IS, KN, KS, OW-SB34S, OW-SB04S, OW-SB25S, OW-SB25D, OW-SB09S, OW-S830S, and 0W-SB27D. 


"Nuntser of sanples in which contaminant was detected divided by the total nunber of valid samples. 


'^Sanples in which contaminants were not detected were included in calculating average (geometric mean) 


concentrations by using a value of one-half the EPA contract laboratory detection limits. 


^Nine acUitional groundwater sanples were filtered prior to analysis. The sanple locations were: SW, KS, 


KN, FW, FE, OW-SB04S, OU-SS30S, OU-SB25S, and 0W-SB34S. 


*Less than the EPA CLP detection limit given. 


'ND = not detected at a detection limit of approximately 10 ppb. 


9proposed MCLG. 


*^Proposed MCL. 


'j = estimated value. 
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sanples were cane t o 30 times hi^er than the filteired sanple levels. In one 

case, the unfiltered sanple level exceeded the filtered sanple level by three 


orders of magnitude. 


The inorganic cerpcxinds, in ccontrast, were cietected far less frecjuently in the 


filtered sanples than in the unfiltered sanples. For the most part, inorganic 


concentrations in the unfiltered sanples were one to 20 times hi^er than the 


conccentrations in the filtered sanples. In a few cases, the unfiltered sample 


concentrations exceecied the filtered sanple conccentrations by as much eis one 


order of magnitude. 


A closer examination of the filtered and unfiltered sanple ciata for the 

inorganic conpounds also suggests that the inorganics are predominantly 

associated with suspended sediments in grounciwater, not the grounciwater 

itself. For exanple, arsenic was not detected in any of the nine filtered 

sanples but weis cietected in six of the nine unfiltered sanples from the same 

Icxcations. The unfiltered sanple eirsenic ccorxcentrations were one to seven 

times higher than the filtered sanples' detection limit of 10 ppb. Cadnium 

was detected in only one of the nine filtered sanples (at 6.4 ppb) and in five 

of the nine matched unfiltered sanples (at 7.6-724 ppb). Lead was detected in 

two of the nine filtered sanples at estimated levels (8J and 14J ppb) and in 

seven of the nine matched unfiltered sanples (at 29-1,120 pj^to). 

For the purpccses of this hypothetical ê pcjsure pathway, it was conservatively 


eissumed that the drinking water ctotained frcm an on-site well would not be 


filtered. Thus the unfiltered sanple data were used to assess the potential 


risJcs for this pathway. Because the levels of suspended solids in the 


unfiltered grxxmdwater sanples were not measured, hcwever, it is not kncwn if 


the unfiltered sanples ccorrtained more suspended soli(is than would normally be 


present in drinking water obtained frcm an on-site well. As a result, the 


risks estimated beised on the unfiltered (iata may be overestimated. 


Ctempeirison to Standarcis 


Drinking water standards (Mds), prepensed MCLs, and MCLGs are available for 


six of the seven human health indicator chemicals detected in (grounciwater at 


8-74 




the Re-Solve site (Table 8-27). The MCLGs eire nonenforceable health gcals to 

be set at a level which prevents the occurrence of any kncwn or anticipated 

adverse effect and v4iich allows an adecjuate margin of safety. The MCLCs serve 

as goals for EPA in the course of setting MCLs. The Mds are enforceable 

standards vAiich must be set as close "to the heal-th-based MCLGs as is feasible 

(e.g., with the use of the best technology, treatment technicjues, and other 


means). 


The geometric mean unfiltered groundwater concentrations at "the site exceed 


the prcposed MCLs for leeid, trichloroethylene, and vinyl chloride and exceed 


the proposed MCIfi's for cadoaium. For each chemical exccept arsenic, the 


maximum unfiltered concentraticsns exceed the standards and proposed values 


presented in Table 8-27. The maximum concentrations of volatile organic 


ccnpcjunds measured in the filtered ciata exceed the prcposed MCLs for 


trichloroethylene, vinyl chloricie, and trans-1,2-dicchloroethylene. The 


maximum cconcentrations of arsenic, cacimium, and lead meeisured in the filtered 


sanples do not exceed the prepensed MCLs eilthough the one measured cacimium 


level sli^tly exceecis the prcposed MCLG. Beised on this ccnparison, 


contaminants at the Re-Solve site wcxild pc3se a potential risk if groundwater 


from em on-site well wets used for cirinking water. If the grounciwater was 


filtered prior to use, pcctentied risks would be eisscxciated with the presence 


of volatile organiccs in the water. 


Risk Estimation 


Because ARARs are not available for all the indicator contaminants at the 


Re-Solve site for the grounciwater ingestion scenario cconsidered, the risks 


posed by ingesticdi of contaminated groundwater were assessed cjiantitatively 


using currently avedlable heedth-based criteria. Carcinogenic and 


noncarcinogenic risks were assessed s^iarately as shewn in Table 8-28. In 


each case, the risks posed ty each contaminant were summed acccording to EPA 


guidelines for ocBrplex mixtures (EPA 1985a) to estimate the toteil risk posed 


by the mixture of chemicals at the site. (This conservatively assumes that an 


indivi(iual would be exposed to the entire mixture.) The risk estimates 


presented in Table 8-28 indicate that the group of carcinogenic indicator 
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TABLE 8-28 


DOSES AND RISKS POSED BY INGESTION OF HUMAN HEALTH INDICATOR CHEMICALS 


IN DRINKING WATER ON SITE 


(Future Site Use) 


A. POTENTIAL CARCINOGENS 


Total Dose (mg/kg/day) 


Averaged Over a Incremental Lifetime 


70-Year Lifetime Cancer Risk 


Plausible Carcinogenic Plausible 

Potential Average Maximun Potency Factor^ Average Maximun 

Carcinogen Case Case (mg/kg/day)"'' Case Case 

Arsenic NC** 6.6x10"^ 15(A) NC 1x10"2 


Tetrachloroethylene 4.5x10"3 4.0x10''' 5.1x10"2 (B2) 2x10"^ 2x10"2 


Trichloroethylene 1.5x10"2 1.43 1.1x10"2 (B2) 2x10"'* 2x10"2 


Vinyl Chloride 1.7x10"3 2.3x10"! 2.3(A) 4x10"^ 5x10"! 


Total 4x10" 5x10" 


B. NONCARCINOGENS 


Total Dose (mg/kg/day) 


Averaged Over a 


TQ-Year Lifetime Total Dose:RfD Ratio 


Plausible Reference Dose Plausible 


Average Maximun (RfD) Average Maximun 


Noncarcinogen Case Case (mg/kg/day) Case Case 


Cadnium 2.6x10"'* 2.1x10'2 1.4x10"'^ 2 150 

Lead 1.1x10"3 3.2x10"2 6.7x10"*<= 2 48 


trans-1.2-Dichloroethylene 1.2x10"2 2.4 0.01 1 240 

.. .. -.
Total 5 438 


^The carcinogenic potency factor is the same as the uiit risk. All potency factors used in this report are 


followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of these 


designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in other EPA 


docunents. 


^otal dose and risk were not calculated for arsenic for the average case because the geometric mean soil 


concentration for this chemical was determined to be less than its detection limit. 


'̂ Use of a reference dose (RfD) is not recomnended for lead. A draft health advisory (HA) value of 2x10"' mg/day 


(6.7x10"^ mg/kg/day) based on a sensitive subpopulation of fetuses and infants is provided for guidance. 
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conpounds may pose risks of 4x10"^ at the average concentrations and 5x10"^ at 


the naximum concentrations. The risks estimates for ingestion of unfiltered 


well water are primarily attributable to ingestion of vinyl chloride. 


For the noncarcinogens, the estimated hazard indices for ca(imium, 

trans-1,2-dichloroethylene and lead each exceed one, indicating that chronic 

ingestion of these cotpcxincis could pose a hazeurd to residents drinking 

unfiltered well water. The kicJney appears to be the most sensitive target 

organ in humans chroniccedly e:pc3sed to cacimium by ingestion. Early clinical 

signs of rened (iamage include proteinuria, gluccssuria, and aminoaciduria. 

Follcwing acute exposure, trans-1,2-dichloroethylene primarily affects the 

liver and Idciney, and may cause central nervous system effects at very high 

conccentraticsns. Althoun^ longer-term e:pc3sure ciata are not available for 

trans-1,2-dichloroethylene, it appeeirs likely that the liver is the most 

sensitive target organ for this ccatpeund beised on aralogy with structurally 

similar ccnpcunds for vAiich suitable toxicological ciata eire available. 

Qironic exposure to lead may euiversely affect the nervous system, 

hematcpoietic system, and other physiological processes. As suggested by the 

hazard indices in Teible 8-28, at the currently observed on-site unfiltered 

grounciwater conccentrations, each of these chemiccals indiviciually may cause 

adverse health effects in potentially eaqjosed indivi(iuals. Furthermore, 

because there is seme ovetlep in the organ systems and physiological processes 

affected, these cheraicceds may to seme extent act a(iditively or synergistically. 

8.5.2 DIRECr a»JTACr WITH SOUS 

Exposure t o chemicals in on-s i t e s o i l s may be of cconcem under po ten t ia l s i t e 

develcpment conditions because i t i s assumed t ha t em indiviciual could be 

e:5XDsed t h r o u ^ o u t an e n t i r e l i fe t ime i f for exanple a house were b u i l t on the 

s i t e . In t h i s sect ion, the direcct contacct route of e^^jcasure i s eveduated. 

Eb^xjsure Point Concentrations 

The ea^jccsure point concentraticsns are assumed t o be represented by a l l of the 

s o i l sanples ccollec±ed a t the s i t e . I f the s i t e were develcped, the s o i l s 

cculd be disturbed thereby red i s t r ibu t ing the deeper contaminated layers to 
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the surface. Table 8-29 sumnarizes the on-site soil data for the human health 


indicator chemicals. The shedlcwest soil boring sanple weis used in ccmpiling 


this (iata. As menticaied earlier in Section 8.4.2, the levels of arsenic 


measured in the belcw surface soil boring sanples ccollected on site are well 


within the range of background arsenic levels estimated for Eastern United 


States soils (Shacklette and Boemgen 1984). 


Risk Estimation 


In this expcjsure sccenario, not only aciults, but edso infants and children 


could theoreticcally ocroe into contac± with contaminated soils and subsecjuently 


ingest or ciemally absorb them. As in the present use scenario for soil 


exposure, an average and a plausible maximum ejqxcsure cease was considered in 


assessing the potentied risks asscxciated with direct contac± with on-site and 


off-site soils. Table 8-30 outlines the assunptions used for each scenario. 


The expccsure eissunpticsns are the same as those used for eissessing ê x̂ssures 


previcusly with a few exoepticans. It weis eissumed that an indiviciual would 


contact ccantaminated soils 100 times per year on the average and 200 times per 


year eis a maximum. The hypotheticced ê qxjsure period was assumed to be 70 


yeeirs (an average lifetime) with an average weight over the eiqxDsure period of 


70 l<g. As stated earlier, ycung chilciren are most likely to be potential 


receptors for soil ingestion. The eissunption of a 70-year exposure period and 


70-kg average bociy wei^t accocunts for ewiults vrtio may engage in regular 


gardening or other outdoor activities. 


The eiqxjsure ecjuation presented in Section 8.4.2 was used to estimate the 


potential exposures to the indicator chemicals in soils at the Re-Solve site. 


The cumulative exposure to each chemiccal weis averaged over the entire exposure 


period (70 years) for chemicals with bccth carcinogenic and noncarcinogenic 


effects. 


Table 8-31 presents the estimated average ciaily doses in mg/kg/day and the 

potential risks asscxciated with these exposures . The results shew estimated 

excess lifetime (cancer risks of IxlO"^ and 3xl0~2 under the hypothetical 

average and plausible maximum exposure cx)nditions, respectively, for the 

chemicals with potential carcinogenic effeccts. Again, eiqxDsure to PCBs in 
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TABLE 8-29 


HUMAN IffiALHH INDICATOR <3IEMICAIS IN 

SOIL BORING SAMPLES AT THE RE-SOLVE SITE^ 


Concent ra t ion (Secmetric Mean 
Range Concent ra t ion^ 

CScaipcunc^ Frecjuency*^ (ppb) (ppb) 

Arsenid? 5/51 NDe-5,100 1.1 
Cacimium 17/51 ND -488,600 6.9 
Lead 20/51 ND -3 ,585,000 22 
T r i c h l o r o e t h y l e n e 28/51 ND -740,000 22 
Te t r ach lo roe thy l ene 27/51 ND -110,000 31 
PCRs 30/51 ND -2 ,800,000 310^ 
t r a n s - l , 2 - D i c h l o r o ­

e t h y l e n e 16/51 ND -9 ,200 6 

^The shallowest soil boring sanple collected from each boring location was 

used in conpiling this data. 


bvinyl chloride was not (ieteccted in soil boring sanples. 


'̂ 'Ntmiber of saitples in vAiieh contaminant weis (ietected (iivi(ied by the total 

number of sanples. 


'̂ Calculated using detected concentratians and one-half of EPA's (contract 

laboratory program (CLP) (ietecction limits for the organics. For the 

inorganic ccnpcunds, the detection limit for soils were based on the aqueous 

d P detection limit (see footnote in Section 8.4.1). 

^ro = Not detected. 


flhe soil detecrtion limit for the PCB mixture was eissumed to be 80 ppb. 


5The range of arsenic levels measured in on-site soil borings are witliin the 

range of background eirsenic levels estimated for Eastern United States soils 

(Shacklette and Boemgen 1984). 
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TABLE 8-30 


ASSUMPnOJS USED IN ESTTMATING EXPOSURE TO INDICATOR CHEMICAIS 

VIA DIRECr CatllACr WITH SOIIS AT NEAR THE RE-SOLVE SITE 


Paramet.er 

1.	 Fretguency of contacct 

2.	 Age of individual exposed 

3.	 Average w e i ^ t over 
pericxi of e:qxDsure 

4.	 Years of expcisure 

5.	 Quantity of so i l ccming 
into contact with skin 


6.	 Percentage of PCBs in soil 

absorbed throu^ the skin 


7.	 Percentage of arsenic, 

cacimium and lead in soils 

absorbed throu^ the skin 


8.	 Percentage of tetraciilorcj­
ethylene, trichloroethy­

lene, and trans-l,2-di­
chloroethylene in soils 

absorbed thrcu^ the skin 


9.	 Incidentcil ingestion 

of contaminated soil 


10. Perccentage of PCBs 

absorbed frcm ingested 

soils 


(Future Site Use) 


Average 
Exposure 

100	 times/year 

l i fe t ime 

70 kg 

70 

1 g / v i s i t 

Negligible 


Negligible 


20 mg/visit 


35 


Plausible 

Maximum 


Exposure 


200 tixaes/year 

lifetime 

70 kg 

70 

5 g/vis i t 

Negligible 


Negligible 


100 mg/visit 


50 
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TABLE 8-31 


DOSES AND RISKS ASSOCIATED WITH DIRECT CONTACT WITH ON-SITE SOILS AT THE RE-SOLVE SITE 


(Future Site Use) 


POTENTIAL CARCINOGENS 

Total Dose (mg/kg/day) 

Averaged Over a 70-year 

Lifetime 

Incremental 

Cancer 

Lifetime 

Risk 

Average 

Case 

Plausible 

Maxinun 

Case 

Carcinogenic" 

Potency Factor 

(mg/kg/day)-1 

Average 

Case 

Plausible 

Maximum 

Case 

Arsenic 

Trichloroethylene 

Tetrachloroethylene 

PCBs 

Total 

8.4x10"'''' 

1.2x10"' 

1.7x10"' 

2.1x10"8 

4.0x10"' 

4.1x10"* 

6.1x10"5 

6.6x10"' 

15 (A) 

1.1x10"2 (B2) 

5.1x10"2 (B2) 

4.34 (B2) 

1x10"' 

1x10"'''' 

9x10"''^ 

1x10"^ 

1x10"^ 

6x10"5 

4x10'6 

3x10"6 

3x10"2 

3x10"2 

B. NONCARCINOGENS 

Total Dose (mg/kg/day) 

Averaged Over a 70-year 

Lifetime Total Dose:RfO Ratio 

Average 

Case 

Plausible 

Maxinun 

Case 

Reference Dose (RfD)

(mg/kg/day)

 Average 

 Case 

Plausible 

Maximum 

Case 

Cadmiun

Lead

trans-1.2-Dichloroethylene

Total 

 5.5x10'''° 

 1.7x10"' 

 3.3x10"''° 

3.8x10"* 

2.8x10"2 

5.0x10"* 

1.4x10"* 

2.9x10'* 

0.01 

4x10"* 

6x10"* 

3x10 

1x10 

2.7 

9.6 

5x10" 

12 

^ The carcinogenic potency factor is the same as the unit risk. All potency factors used in this report a r e 

followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of 

these designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in 

other EPA documents. 

° Use of a reference dose (RfO) is not recommended for lead. A draft health a d v i s o r y (HA) value o f 2x10"^ 

mg/day (2.9x10"* mg/kg/day) based on a sensitive subpopulation of fetuses and infants is provided for 

guidance. 
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soils accounts for the major portion of these estimated risks. For the 


nonccarcinogens, the hazard indicces for cacimium and lead under the plausible 


maximum exposure conditions excceed one. Potentied exposures to 


trans-1,2-dicchloroethylene are well belcw the chronic intake levels of concern. 


8.5.3 INHALATTCai OF VOIATIIE (XMPOUNDS RETFASED FBCX/S. CXJ-STTE SOIIS 

If the site was cieveloped in the future, an indiviciual ccould theoretically be 


ejqxjsed to volatile organic ccnpcunds (VDC:s) released from contaminated 


soils. As with the dermal contact exposure scenario presented in Section 


8.5.2, it was assumed that an indivi(iual cculd be exposed to VOCs throughout 


an entire lifetime as a child and subsecpiently as an aciult. 


Exposure Point (Concentrations 


The e:q)C3sure point conccentrations eure assumed to be the same eis those used in 

the present site use VDC inhalation scenario (Table 8-13). Several 

assunptions and d a t a gaps regarding use of the available VDC data have been 

discussed in Secction 8.4.3. Because this ê qxcsure pathway is hypotheticcal, it 

cannot be determined vAiether use of currently available VOC data will 

underestimate or (more likely) overestimate inhedation expcjsures if the site 

were develcped in the future. 

Risk Estimation 


It was assumed for this exposure scenario that an indiviciual would be exposed 


every ciay throucficxit a lifetime (70 years) to airborne VDCs. The ecjuation 


used to calculate the total amcunt of chemical absorbed over the eiposure 


period weis: 


IA = (Cair) (IR) (DY) (YR) 


where 


TA = to ta l amount of chemicced absorbed (mg), 


Cair = V(X eiir conccentration (mg/m^), 
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IR = inhalation rate (20 m^/day), 


DY = days e:qx)sed per year (365 days/yr), and 


YR = yeeirs exposed (70). 


The inhalation rate was assumed to be 20 m̂ /ciay. The (iuration of exposure was 

assumed to be 24 hours per ciay, 365 days per year for 70 years. The 

cumulative amcunt of each indicator VDC absorbed over the e:q)osure period was 

cconverted to an average ciaily eiposure by prorating civer a 70-year lifetime 

assuming a bociy wei^t of 70 ]cg. The risk estimates shewn in Table 8-32 were 

obtained by multiplying the average daily exposures by the ceircinogenic 

potency factors for the two VOCs. These risks represent the upper limit on 

the lifetime cancer risks eisscxciated with this hypothetical eiposure 

s c e n a r i o . The risks for the average and maximum eiposure cases may be as high 

as 3xl0~5 and 3x10-^, respectively, but they are unlikely to be higher than 

these vedues. 

8.5.4 INHALATICN OF PARTICUIATE MATTER RETFASED FRCM (»I-SITE SOILS 


If the site was developed in the future, an indivi(iual could also 


theoretically be eiqxised to chemicals acisorbed to suspended particulate matter 


throu^out a lifetime. In this section, potential inhalation exposures to 


chemicals in peurticulate matter from Re-Solve site soils are evaluated. 


Eî xisure Point (Concentrations 


The eiqxisure point ocanoentrations are assumed to be ecgudvedent to those used 


in the present site use particle inhedation scenario (Table 8-16). It was 


eissumed that the edx contaminant levels calculated in Secction 8.4.4 based on a 


one-day site sanpling period wculd reflect potentied future-particle levels at 


the site (in the absencse of actual site construction activities). As this is 


a hypothetical eiposure pathway, it is not known v*iether use of this data will 


underestimate or cjverestimate inhedation eiq)Osures if the site were developed. 
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TABLE 8-32 


DOSES AND RISKS ASSOCIATED WITH INHALATION OF VOLATILE ORGANIC CHEMICALS 


RELEASED FRCH RE-SOLVE SITE SOILS 


(Future Site Use) 


Incremental Lifetime 


Total Dose (mg/kg/day) Cancer Risk 


Plausible Carcinogenic Plausible 

Potential Average Maxinun Potency Factor^ Average Maximun 

Carcinogen Case Case (mg/kg/day)"'' Case Case 

Tetrachloroethylene 2.6x10"' 2.6x10'2 4.6x10"' [82) 1x10"5 1x10"'' 


Trichloroethylene 1.0x10'3 1.0x10"2 2.5x10"2 [A) 2x10"5 2x10"* 


Total 3x10"5 3x10"* 


^The carcinogenic potency factor is the same as the irit risk. All potency factors used in this report are 


followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of these 


designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in other EPA 


docunents. 
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Risk Estimation 


Exposures and risks were estimated using the approach presented in the 


previous secction (8.5.3). Table 8-33 presents the estimated eiqxisures and 


risks for this pathway. The excess lifetime ccanccer risks for inhalation of 


PCBs for the average eind maximum exposure ceases may be as hi<^ as 3x10"^ and 


2xl0~5, respectively. These risks r^resent the upper limit on the lifetime 


cancer risks eisscxciated with this hypothetical eiq)osure scenario. The 


dose:RFD ratio for lead was well belcw the chronic intake level of concern. 


8.6 ENVTRĈ IMEITIAL ASSESSMENT 


The environmented hazeird posed by site-related contamination was evaluated for 


five eireas in the vicinity of the site. These areas are the wetland 


imnedlately north of the site, the unnamed tributary, the Ctopicut River, 


Carol's Brook and (jomell Pond. The wetland has one to two feet of standing 


water; the eissociated flora has been previcusly desccribed (see Section 2.3). 


AlthouK^ the wetland is smedl, it would be expected to provide habitat for 


birds, anphibieins, eind small nammeds eis well as acguatic invertebrates. The 


unnamed tributary, ciue to its small size and intermittent nature, is not 


consiciered likely to be a suitable habitat for organisms other than 


invertebrates (see Seccticcn 8.2.1). A veuriety of fish have been noted in the 


Copicut River and (Cornell Pond (see Section 5); birds such as herons and ducks 


have edso been reported at these locations (Zupkas and Brickell 1986). 


(Carol's Brook may provicie habitat for small fish and juveniles. No endangered 


or threatened species have been r^)orted to cxccur in the area. 


The following anedysis will fcxus on the PCB contamination found in sediments 


in the Re-Solve site area. Section 5 of this report and the Draft Off-Site 


Remedied Investigation Report (CEM 1985) present sanpling data for sediments 


in the Re-Solve site eirea. Sediment concentrations of PCBs in five areas are 

shewn in Table 8-34. As already mentioned, the wetland sediments have 

particularly h i ^ PCB conoentrations. Althou^ PCBs were detected in the 

sediinents in the Copicut River in only 3 out of 14 sanples, the maximum 

meeisured vedue of 283 ppm is of particular concern. The concentrations of 20 
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TABLE 8-33 


POTENTIAL RISKS POSED BY INHALATION OF CHEMICALS 


IN PARTICULATE HATTER RELEASED FROM 


RE-SOLVE SITE SOILS 


(Future Site Use) 


A. POTENTIAL CARCINOGENS 


Total Dose i (mg/kg/day) 


(Averag ied Over a Incremental Lifetime 


70-Year Lifetime) Cancer Risk 


Plausible Carcinogenic Plausible 

Average Maxinun Potency Factor* Average Maximun 

Case Case (mg/kg/day)"^ Case Case 

PCBs 7.5x10"8 5.6x10'* 4.34 (B2) 3x10"^ 2x10"5 


B. NONCARCINOGENS 


Total Dose (mg/kg/day) 


Averaged Over the 


Exposure Period Total Dose:RfD Ratio 


Plausible Reference Dose Plausible 


Average Maxinun (RfO) Average Maximun 


Case Case (mg/kg/day) Case Case 


Lead 9.1x10" 1.8x10' 6.7x10 '4b 1x10" 3x10" 


^The carcinogenic potency factor is the same as the init risk. All potency factors used in this report are 


followed by EPA's qualitative weight of evidence classification. The significance and appropriate use of these 


designations are discussed in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986b) and in other EPA 


docunents. 


'-l/se of a reference dose <RfD) is not recommended for lead. A d r a f t health advisory (HA) value of 2x10"^ mg/day 
(6.7x10"^ mg/kg/day) based on a sensitive subpopulation of fetuses and infants is provided for guidance. 
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TABIE 8-34 


OCNCENIRAnCKS OF PCBS IN SEDIMENTS 

OOLLECLED IN THE RE-SOLVE SITE AREA 


(joixcentration Geometric Mean 
Range Conccentration 

Locat ion Frequency^ (FPb) (ppb) 

January 1984 
Sampling Per iod 

Wetland 4/4 950-60,000 8,100 
Unnamed T r i b u t a r y 3/6 N D P - 2 2 , 0 0 0 270 
C a r o l ' s Brook 2/2 270-420 340 
Copicut River 2 /6 440-283,000 260 
Ctomell Pond 0 /1 ND ND 

J u l y 1985 
Supplemental Saitpling Per iod 

Wetland 15/15 1,900-102,700 14,700 
Unnamed T r i b u t a r y 4 /5 ND-107,000 9,400 
C a r o l ' s Brook 3/5 ND-2,700 760 
Ccpicut River 1/8 ND-1,700 (d) 
Corne l l Pond 0/6 ND ND 

^ Number of sanples in vidch contaminant was detected divided by the 

total nuinber of sanples. 


^ (Secmetric means were calculated using detected (concentrations and 
one-hedf the (ietectican limit for nondeteccted sanples. If no 
detection limit was indicated, a cietection limit of 80 ppb was 
used in the calculations. 

^ Not detected. 

d PCBs were cietected in only one sanple in the Ccpicut River 
supplemental sanpling effort. In acidition, detection limits for 
seme of the sanples were h i ^ due to interference. For these 
reasons, no gecmetric mean weis ccedculated for this Icxcation. 
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ppm in fish cauf^t in the Cipicut River provide additional evidence that high 


concentrations of PCBs may be present. PCBs have been deteccted in the 


sediments in Ceunol's Brcxik in 5 of 7 sanples, with a maximum of 2.7 ppm. No 


PCBs were detected in the sediments of (jomell Rend ciuring the January 1984 


and July 1985 sanpling pericxis. PCBs were detected in the unfiltered surface 


water sanples twicce at concentrations of 0.52 and 1.2 ppb; both sanples were 


taken frcm a loccation immediately dcwnstream of the wetland discharge into the 


unnamed tributary. 


There is little information regarding the toxicity of PCB-contaminated 

sediments to freshwater a(3uatic organisms. Increased mortality of freshwater 

prawns (Macrobranchium rosenbergii) was reported in sediments containing 42% 

organic catbcm and about 30 mg/kg of a mixture of PCBS (Tatem 1986). It is 

generally thoui^t that toxicity eissociated with contaminated sediments (Cg) is 

due to eiqxDsure to contaminants in the interstitial water (C^) (i-e./ between 

sediment particles). Under assumptions of ecjuilibrium, a sinple linear 

partitioning mociel for the sediment:water interfacce is: 

^ = (̂ oĉ ( ̂ oc) 

w 


v*iere 


Cg = ccnoentration in sediment, 


C^ = caDncentraticsn in water, 

foe = fraction organic carbon, and 


KQC = organic ccarbon partition coefficient. 


The amcunt of organic ccarbcn in sediments has a great inf luencce on the 


desorption of PCBs into the water column. Organic ccarbon would be eipected to 


vary greatly in the different areas around the Re-Solve site. Whereas the 


wetland would contedn h i ^ amounts of organic carbon, a moderately or fast 


moving stream such as Carol's Brook or the Copicut River would contain much 


less. TO rou^y estimate concentrations of PCBs in the interstitial water, 


the partitioning model was applied for the wetland and the Ctopicut River. A 


K ^ value of 1.3 X 10^ v*iich is r^resentative of Arcxclors 1248 and 1254 
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(Kadeg et ed. 1986) was used, the foe was assumed to be 0.50 for the wetland 


and 0.02 for the river, and the geometric mean of PCBs in the sediments of 


each location was used to represent Cg. Using these values, water 


cconcentrations of 0.012 ppb and 0.1 ppb were estimated for the wetland and the 


Ccpicut River, respectively. 


It should be recognized that the results prcducced by the partition model 


should be consiciered only rou^ approximations. The use of acisorption 


partition coefficients to ciescribe desorption may be inappropriate for PCBs. 


The interaction of orgeinic ccnpouncis at the sediment:water interface is 


conplex. For exanple, some fracction of the PCBs acisorbed on the sediments may 


not be available for (iesorption. DiToro and Horzenpa (1983) noted that for 


many pesticide-a(isorbent systems, the desorption reaction is not ccmpletely or 


even moderately reversible. They concluded that the eissunption of conplete 


reversibility is not neccessarily realistic and, as a result, the pre<dicted 


ecjiiilibrium concentrations based on the acisorption coefficients may be 


overestimated. In ackiition, application of the ecjudlibrium partition model to 


sediments v*iicch are covered by a layer of litter (such as in the wetland), may 


edso overestimate water column concentrations. 


Further, the use of an etjuilibrium model may not be appropriate for some 


hydrcphciiic chemicals. It has been estimated that it may take as long as 280 


ciays for 90% of adsorbed PCBs to (iesorb frcm sediment particles (Wu and 


(Sshwend 1986). For a moderately moving river such as the Ccpicut River, the 


assumption of equilibrium would result in an overestimation of water 


concentrations. A kinetic mociel of ciesorption may be a more suitable model of 


PCB behavior in seciiments underlying moving waters. Hcwever, for the 


wetlands, vAiich are fearly stagnant, the equilibrium model may be a more 


apprcpriate mcxiel for pre(iiction of water cconcentrations. 


A cietailed discussion of the environmental effects of PCBs is provided in 


i^pendix B. Weber and Mrozek (1979) investigated the phytotoxic effects of 


PCBs (Aroclor 1254) and found that water usage significcantly ciecreased at soil 


PCB concentrations as lew as 1 ppm. This effect, hcwever, was mitigated 


throu^ the appliccation of organic carbon (Strek et ed. 1981). The effects of 
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PCBs on acjuatic organisms have been extensively documented. Daphnicis are 

particularly sensitive; the I C ^ Q ^ for Daphnia magna is 1.3 ppb (EPA 1976). 

The mi(ige Tanytarsus (iissimilis was also very sensitive with a 50% reduction 


in survival and growth r^xarted at concentrations of 0.45 ppb (EPA 1976). 


Althou^ neither of these organisms were specifically reported as cxccurring in 

the site area, csther midges were found at all sanpling points in the benthic 

survey and cladcxcerans are nearly uibi(3uiteus in freshwater systems. Of fish 

species tested, the rainbow trout (Sedmo gairdneri) was the most sensitive 

with an LCSQ after 25 days of 3.4 ppb for Aroclor 1254 (Mayer et al. 1977). 

Reprociucctive effeccts cxccur at very lew concentrations (Birge et al. 1981). 

Clsncentrations of 4.6 ppb totally blocked spawning of fathead minnows; 

concentrations of 0.52 ppb reduced egg hatchability (Nebeker et al. 1974 as 

cited in Birge et ed. 1981). Aciverse second generation effeccts (xcccurred in 

estuarine fish at conccentrations eis lew eis 0.1 ppb (Nebeker et ed. 1974 as 

cited in EPA 1976). EPA has established an Ambient Water Quality criterion of 

0.014 ppb for protection of freshwater acjuatic life under continuous eiqxcsure 

to PCBs (EPA 1980). 

In addition to direct exposure via sediments and water, biota can be exposed 


to PCBs indirecctly via the focxi web. Of particular concern would be birds and 


mammals feeding cai invertebrates or anphibians in the wetland or fish in the 


river. The bioaocunulatican of PCBs has been extensively dcxcumented. 


Bioaccumulation facctors for eujuatic invertebrates have been r^jorted to range 


from 2,800 to 47,000. In fathead minncws, the bioaccumulation factor for 


Aroclor 1248 was as h i ^ as 270,000 (EPA 1976). Eels and turtles, organisms 


found or eiqiected to be found in the site area, are particularly efficient 


bioaccumulators of PCBs (Graham 1976, Alberg et ed. 1986). Although little 


conclusive evicJence is aveiilable for natural systems, elevated cconcentrations 


of PCBs have been linked to deccreased r^rociuctive success in both birds and 


^An IC^o is the cconcentration at vAiich 50% mortality would be expected in 
the tested animed species. 
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mamttals (EPA 1976). Mustelids appear t o be particcularly sens i t ive ; in 

laboratory s tudies using mink, d ie tary cxincentrations of 2 ppm Aroclor 1254 

resul ted in a reciuced number of offspring per female (Ringer 1983). 

In conclusion, PCB contamination in the wetland, the Copicut River, and 

Carol ' s Brook, areas near the Re-Solve s i t e viiich provide wi ld l i fe hab i ta t s , 

i s of concern regarding environmental e f fec ts . PCBs are toxic a t very low 

concentrations t o a wi(ie var ie ty of a(guatic inver tebrates , f ish and 

t e r r e s t r i a l ver tebra tes . Al thou^ the potentied r i sks cannot be (quantified, 

the elevated ocancentrations of PCBs in sediments are l i ke ly t o adversely 

affect sedtment-ciwelling organisms and may edso inpacct on eininals a t higher 

t rophic leve ls t h a t (iepend on t h i s eirea for hab i t a t . In adtiition, although 

the unnamed tributeiry i s not of concern eis em ei^xcsure point , i t may be a 

scaurce of po l lu tan ts t o ciewngradient areeis. 

8.7 g^CLUSIC^JS 

This report assesses the potentied risks to human heedth and freshwater 


acjuatic life eissociated with eiqxssure to contaminants frcm the Re-Solve site 


in the absence of remediation. It should be recognized, however, that in all 


risk eissessments the proceciures and inputs that eire used to assess the 


potentied humein health and environmental risks are subjecct to uncertainty, as 


outlined in Sectican 8.4.1. For exanple, the cancer risk values presented in 


this report r^resent the upper limits on the incremental lifetime cancer 


risks that mi^t occur as a result of the specific exposures evaluated. The 


actual risks are unliloaly to be hi^ner than these vedues beccause of the 


conservatism that is built into the cancer potency factors. At the end of 


this secction, many of the cather major uncertainties in this risk assessment 


eire summarized. 


Several principal eiqxDsure pathways ccansidered to pose the greatest potential 


human heedth and environmental risks under present site use conditions were 


evaluated. These pathways were direct contact with on-site and off-site soils 


and subsetjuent ingestion and (iemal absorption of contaminants in these soils, 


inhalation of volatile ccnpcunds released frcm on-site soils and surfacce 


water, inhalation of particulate matter released from on-site soils, dermal 
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contact with surface water and subsecjuent contaminant absorption, human 


ingestion of PCB-ccontaminated fish, and contact with PCB-contaminated 


sediments by freshwater acjuatic life. Under potential site development 


conditions (i.e., development for residential use), four hypothetical exposure 


pathways were evaluated: ingestion of on-site groundwater, ingestion of and 


dermal ccontacct with contaminated can-site soils, and inhalation of volatile 


cconpounds and particulate natter released frcm on-site soils. 


The human health rislcs estimated under present site use cconditions are 


summarized in Table 8-35. Potential rislcs were estimated for children who may 


occassionedly play in the soils at or neeir the Re-Solve site. Exposures and 


risks were eveduated for edl the human health indiccator chemicals detected in 


the soils. Exposures to the potentiedly carcinogenic human health indicator 


chemicals found in the on-site surface soils nay result in potentied upper 


bound incremented lifetime ccanccer risks eis h i ^ eis 6xlO~S for the average case 


and 4xl0~5 for the plausible maximum case. Incremental lifetime ccancer risks 


posed by exposures to off-site surface soils ccould be eis h i ^ eis 5x10"^ under 


average exposure conditions and 8x10"^ under plausible maximum exposure 


conditions. The prinary potentiedly ceircinogenic conpounds ccontributing to 


the risks were PCBs. The estimated eiposures to the noncceircinogenic indicator 


chemicals in on-site and off-site surface soils were belcw chronic intake 


levels of concern. 


The potentied risks eissociated with inhalation of volatile organic conpounds 


and particulate matter released fmn soils at the Re-Solve site were 


evaluated. The incremented lifetime ccancer risks associated with the 


inhalatican of volatiles released from soils may be as hi(^ as 9x10"^ for the 


average eipcasure ocanditions and 1x10"^ for the plausible maximum exposure 


conditions. Expccsures to chemicals present in suspended particulate matter 


were eissociated with vpper bccund lifetime cancer risks of 8x10"^ for the 


average eipcasure scceneirio and 7xl0~8 for the plausible maximum exposure 

« 
 scenario. These risks were associated with the inhalation of PCBs. Exposures 


to volatile organic ccnpcunds released frcm the Ccpicut River were edso 


# evaluated. These eî josures were estimated to result in excess lifetime ccancer 


risks as h i ^ as 2xl0~"7 for the average eiqxcsure scenario and 5x10"^ for the 
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TABLE 8-35 


SUMMARY OF RISK ASSESSMENT RESULLS FOR HUMAN EXPOSURE 

TO RE-SOLVE SITE OC»nAMINANTS 


(Present Site Use) 


Total Excess 

Present Site Use Upper Bcund Hazard Index for 

Exposure Pathway Lifetime Cancer Risk Noncceircinogenic Effects 


Direct contact with 

on-site soils 

Average case 6xl0"8 <1 

Plausible maximum case 4xl0~5 t» <1 


Direct contact with 

off-site soils 
Average case 5xl0~8 <1 
Plausible maximum case 8xl0"5 b <1 

Inhedation of VDCs^ released 

from on-site soils 
Average case 9x10-9 NE 
Plausible maximum case 1x10""^ ^ NE 

Inhedation of peirticulate matter 
releeised frcm on-s i t e s o i l s 

Average case 8x10"^^ <1 
Plausible maximum cceise 7x10-^ <1 

Dermal contact with 

surface water 

Average case 9x10-9 <1 

Plausible maximum case 1x10-^ ̂  <1 


Inhedation of VDCSs released 
frcm surface water 
Average case 
Plausible maxinum case 

2xl0-'7 
5x10-^ ^ 

<1 
<1 

Ingestion of f i sh 
Average case 
Plausible naximum case 

7x10-4 b (eel consumption)^ NE 
8x10-3 b ( e e l consumption) <̂  NE 

NE = not estimated. 

^ VOC = volatile organic conpeund. 

^ Note that exccess (cancer risks greater than 1x10"^ nay be unaccceptable. 

'̂  For ingestion of fish species other than eels, total excess lifetime cancer 

risks vrculd range frcm 7x10-^ for the average case to 4x10"'* for the 

plausible maximum cease. 
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plausible maximum eiqxjsure scenario. The estimated eiqxcsures to the 


nonccircinogenic indicator cchemicals released frcm both soils and surface water 


were belcw the chronic inteike levels of cconcem. 


Indiviciual s may edso wacie in the Cipicut River adj accent to the Re-Solve site 


area. The potentied risks to these indiviciuals vAio may cxccasionally have 


dermal contacct with contaminants in the river were assessed. The incremental 


lifetime ccancer risks may be as h i ^ as 9x10-9 vonder average exposure 


conditions and 1x10-^ under plausible maximum eiqxisure conditions. Dermal 


contacct with the nonccarcinogenic indicator chemicals detected in the Copicut 


River and the unnamed tributeiry weis estimated to result in eiqxisures well 


belcw the human heedth reference dccses. 


The potential risks associated with ingestion of PCB-contaminated fish living 


neeir the site were also eveduated. For an indiviciual eussumed to regularly 


ingest American eels cau^t neeir the site, incremented lifetime ccancer risks 


were estimated to range from 7x10-^ to 8x10-^ under average and plausible 


maximum eiqxisure scenarios. The excess lifetime cancer risks associated with 


ingestion of other less contaminated fish species were estimated to range from 


4x10-4 to 7x10-6. 


If the site were cieveloped in the future (i.e., for a resicience), excess risks 


would be eisscxciated with each of the hypotheticced pathways considered in this 


r^xart: ingestion of on-site groundwater, ingestion of and dermal ccontact 


with ccantaminated soils, emd inhedation of volatile ccnpcunds and peirticulate 


matter released frcm ccontaminated on-site soils. The potentied human health 


risks eissociated with exposures under future site use conditions are 


summeurized in Table 8-36. Beised on a ccenpeirison to standards and a risk 


eissessment, the contaminants in groundwater at the site wculd pose significant 


risks if unfiltered drinking water was obtained frcm an on-site well. The 


incremental lifetime cancer risks for ingestion of the human heedth indicator 


chemicals ranged frcm 4x10-^ to 5x10-^ under average and plausible maximum 


exposure conditions, respectively. These risks eire primarily attributable to 


ingestion of vinyl chloricie. Chronic ingestican of the noncarcinogens, 


cacimium, treins-1,2-dichloroethylene, and leeid at the levels measured in 


unfiltered on-site groundwater wculd edso pease a hazeurd to potential well 


water users. 
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TABLE 8-36 


SUM1ARY OF RISK ASSESSMENT RESULLS FOR HUMAN EXPOSURE 

TO RE-SOLVE SITE CX»rCAMINANLS 


(Future Site Use) 


Total Excess 
Future Site Use Upper Bound Hazard Index for 
Expcasure Pathway Lifetime Cancer Risk Noncarcinogenic Effects 

Ingestion of 

on-site groundwater 

Average ease 4x10-^ ^ 4 <̂  

Plausible maxinum cceise 5x10-^ ̂  410 '̂  


Direcct ccontact with soils 

Average case 1x10-^ <1 

Plausible naximum cceise 3x10-2 b 12 *̂  


Inhalation of VDCs^ released 

frcm on-site soils 

Average case 3x10-^ ̂  NE 

Plausible maximum case 3x10-4 b ĵ g 


Inhedatican of particculate matter 

released frcm on-site soils 

Average case 3x10-^ <1 

Plausible maximum case 2x10-^ b <1 


NE = not estimated. 

^ VDC = volatile organic ccnpcund. 

b Note that excess cancer risks greater than 1x10-^ may be unacceptable. 

^ These scenarios may pose unacccc^jtable health risks. 
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For an indiviciual eissumed to incicientedly ingest and have demal (contact with 


on-site soils under the future site cievelcpnent scceneirio, the estimated 


average and plausible maximum eiposure conditions were eissociated with 


inccremental lifetime cancer risks of 1x10-"̂  and 3x10-2, respectively. 


Expcasure to PCBs in soils accccounted for the major portion of the estimated 


risks. For the noncarcinogenic indiccator chemicals, chronic incidental 


ingestion of ccadnium and lead under the plausible naximum exposure conditions 


could also pose risks to human health. 


Inhedation of volatile ccnpcunds releeised from Re-Solve site soils under 


future site use ccanditions was estimated to result in incremental upper bound 


lifetime cancer risks as high as 3x10-5 and 3xlO"4 for the average and 


plausible naximum eiposure scenarios, respectively. Inhedation of chemicals 


acisorbed to suspended peurticulate matter was estimated to result in excess 


upper bound lifetime ccancer risks of 3x10-^ for the average eiqxasure cease and 


2x10"^ for the maximum eiqpccsure cceise. Inhedation exposures to nonccarcinogenic 


indiccator chemicals were estimated to be belcw chronic intake levels of 


(concern. 


Finedly, PCB-contaminated sediments near the Re-Solve site are likely to 


adversely affect sediment ciwelling organisms and may also impact animals at 


hi^er trophic levels that d^)end on the Re-Solve site area as a habitat. 


As in all risk assessments, these caonclusions nust be viewed relative to the 


uncertainties inherent in the risk assessment process. These uncertainties 


have been noted throughout the text. Seme of the inportant unccertainties 


specific to this assessment are listed belcw. 


•	 In edl eî )osure ccedculations, a range of vedues was used for frecjuency 

and duratican of exposure, demal contacct rates, soil ingestion rates, 

extent of eî xased surface area, inhalation rates, and other 

parameters. The plausible maximum estimates for these parameters may 

cause risks to be overestimated. 


•	 Dermal absorption of volatile organic and inorganic ccnpcunds from 

soils were assumed to be negligible. This may result in 

underestimates of risk. 
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Only seven surface soil sanples were collected ciuring the Re-Solve 

site RI. These sanples were used to estimate exposure point 

concentraticans for (iemal contact with soils under present site use 

(conditions. Use of these ciata may underestimate or overestimate risks 

for the direct soil contact eiposure pathway. 


It weis eissumed that measured VOC and peirticculate matter levels would 

remain cconstant over time. This is likely to overestimate risks due 

to ongoing VDC removed proccesses (e.g., degradation, transport) and 

the probability that currently ei^osed site soils will become 

increasingly vegetated over time. 


Air sanpling was conducted on only one ciay ciuring the RI. VOC sanples 

were collected at a few Icaccations emd pearticulate natter was collected 

at only cane location. Because meteorologicced cconditions ciuring 

sanpling did not favor worst-cceise volatilization or ciust generation 

rates, the maxinum eiqxasure point concentrations were eissumed to be 

one order of magnitude (greater than the average measured levels. This 

use of measured air ciata to estimate expcasure point conccentrations may 

overestimate or underestimate risks. 


It was assumed that suspended particles at the site were cenposed 

entirely of contaminated site soils and were edl respirable. These 

assunptions eure likely to overestimate risks. 


Ĉ ontaminants in surface water were assumed to be absorbed across the 

skin as a solute in water, i.e., using the flux rate of water to 

estimate demal absorption. This may overestimate risks from this 

pathway. 


The maximum surface water concentrations measured in the unnamed 

tributary were used to cheuracterize potential worst-case 

ccanccentrations in the Ccpicut River under lc»/ flew conditions. This 

may overestimate risks for two pathways, dermal absorption of 

chemicals from surfacce water and inhedation of VDCs released from 

surfacce water. 


The absorption of inheded VDCS and inorganic cenpounds on particulate 

natter was cts.si.mied to be 100%. This assumption may overestimate 

risks. The absorpticcn of inheded PCBs that eire adsorbed to suspended 

soil peurticles was eissumed to be 50%. This may overestimate or 

underestimate risks. 


Ingesticsn of cn-site groundwater (future site use) weis assessed using 

data from unfiltered sanples. This may result in overestimates of 

risk, particularly for the inorganic cconpounds which were predom­

inantly eissociated with suspended sediments in the groundwater. 


The organic carbon content for seciiments was assumed to be 0.5 for the 

wetlemd and 0.02 for the river. These nuniaers may overestimate or 

underestimate risk depending on the acctued concentrations. 
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