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FIGURE 2-15

Yankee Nuclear Power Station,
Rowe, MA

Sediment Locations Exceeding 
Sediment Screen Criteria and/or 

Background -- SVOC
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Note : Former structures and plant
   features shown for reference.
   These no longer exist.

Analyte

Sediment 
Screen 
(µg/Kg)

Maximum 
Background 

Concentration 
(µg/Kg)

2,6-Dinitrotoluene N/A ND
2-Methylnaphthalene 150 20.9

3+4-Methylphenol N/A 230
Acenaphthene 150 21.5

Anthracene 57.2 124
Benzo(a)anthracene B(a)A 110 200

Benzo(a)pyrene B(a)P 150 230
Benzo(b)fluoranthene B(b)F 37 268
Benzo(g,h,i)perylene B(ghi)P 150 101
Benzo(k)fluoranthene B(k)F 37 220

Benzoic acid N/A ND
Bis(2-ethylhexyl)phthalate 13300 ND

Carbazole N/A 80
Chrysene 170 273

Dibenzo(a,h)anthracene D(ah)A 33 24.6
Dibenzofuran 5100 36.3

Di-n-butyl phthalate N/A 20.9
Di-n-octyl phthalate N/A 37.4

Fluoranthene 423 651
Fluorene 77.4 48.6

Indeno(1,2,3-cd)pyrene I(123-cd)P 30 106
Naphthalene 176 ND

Phenanthrene 204 777
Pyrene 200 592
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FIGURE 2-16

Yankee Nuclear Power Station,
Rowe, MA

Sediment Locations For PCBs
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Note : Former structures and plant
   features shown for reference.
   These no longer exist.
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FIGURE 2-17

Yankee Nuclear Power Station,
Rowe, MA

Sediment Locations Exceeding
Background Criteria -- VPHs
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C5-C8 Aliphatics 1.27
C9-C10 Aromatics 0.346
C9-C12 Aliphatics 0.451

Note : Former structures and plant
   features shown for reference.
   These no longer exist.
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FIGURE 2-18

Yankee Nuclear Power Station,
Rowe, MA

Surface Water Locations Exceeding Surface
Water Screening Criteria
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Note : Former structures and plant
   features shown for reference.
   These no longer exist.

Analyte
Surface Water 
Screen (mg/L)

Maximum 
Background 

Concentration 
(mg/L)

Silver (Ag) 0.00012 0.0023
Copper (Cu) 0.009 ND
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FIGURE 2-19

Yankee Nuclear Power Station,
Rowe, MA

Background Sediment and Surface 
Water Sample Locations and 

Fish Sample Locations
0 4,000 8,0002,000

Feet

LEGEND
Radionuclide Sediment Samples
OHM Sediment Samples
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S I T ES I T E
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FIGURE 2-20

Yankee Nuclear Power Station,
Rowe, MA

Sediment and Surface Water Sample 
Locations for Co-60

0 200 400100
Feet

LEGEND
Sediment Samples Where Co-60 Was Detected
Sediment Nondetects
Surface Water Nondetects

Note : Former structures and plant
   features shown for reference.
   These no longer exist.
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FIGURE 2-21

Yankee Nuclear Power Station,
Rowe, MA

Sediment and Surface Water
Sample Locations for Cs-137

0 200 400100
Feet

LEGEND
Sample Locations ≥ 0.5 pCi/g

Sample Locations < 0.5 pCi/g

Surface Water Nondetects

Note : Former structures and plant
   features shown for reference.
   These no longer exist.
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FIGURE 2-22

Yankee Nuclear Power Station,
Rowe, MA

Sediment Sample
Locations for Sr - 90

0 200 400100
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LEGEND
Sample Locations > 0.1 pCi/g

Sample Locations ≤ 0.1 pCi/g

Note : Former structures and plant
   features shown for reference.
   These no longer exist.
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FIGURE 2-23

Yankee Nuclear Power Station,
Rowe, MA

Sediment Sample Locations for PCB's
Versus Benthic Macroinvertebrate

Benchmarks

Monroe
Bridge

0 200 400100
Feet

LEGEND

Note : Former structures and plant
   features shown for reference.
   These no longer exist.
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Chemical  
Group COPC

Inside AUL 
Study Area 

Mean Units
Inorganics Lead 10.29 mg/Kg

PCBs Aroclor-1254 532.87 µg/Kg
PCBs Aroclor-1260 163.28 µg/Kg
SVOC Phenanthrene 335.15 µg/Kg
VOC Toluene 92.63 µg/Kg
VPH Adjusted C9-C10 Aromatics 3.09 mg/Kg
VPH Adjusted C9-C12 Aliphatics 0.96 mg/Kg
EPH Adjusted C11-C22 Aromatics 36.21 mg/Kg
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FIGURE 7-1

Yankee Nuclear Power Station,
Rowe, MA

Soil Sample Locations With COPC
Concentrations Exceeding 10 - Times 

the Study Area Mean
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Note : Former structures and plant
   features shown for reference.
   These no longer exist.

Chemical  
Group COPC

Outside AUL 
Study Area 

Mean Units
Inorganics Copper 9.67 mg/Kg
Inorganics Lead 16.34 mg/Kg

PCBs Aroclor-1248 18.77 µg/Kg
PCBs Aroclor-1260 52.67 µg/Kg
VOC 2-Butanone 5.13 µg/Kg
VOC Acetone 26.13 µg/Kg
VPH Adjusted C9-C10 Aromatics 0.15 mg/Kg
VPH Adjusted C9-C12 Aliphatics 0.15 mg/Kg

Chemical  
Group COPC

TransCanada 
Study Area 

Mean Units
Inorganics Lead 6.66 mg/Kg

PCBs Aroclor-1260 51.36482143 µg/Kg
SVOC Fluoranthene 537.74 µg/Kg
SVOC Pyrene 484.77 µg/Kg
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Executive Summary 

 On behalf of Yankee Atomic Electric Company (YAEC), Gradient has prepared this Method 3 

Risk Characterization relating to the environmental conditions following the completed plant 

decommissioning, environmental remediation, and site restoration activities at the former Yankee Nuclear 

Power Station (YNPS).  The YNPS site is located in the Town of Rowe, situated in northwestern 

Massachusetts along the Deerfield River adjacent to Sherman Dam (Figure 1-1).  The YNPS lies within 

approximately 1,800 acres owned by YAEC; the former nuclear plant occupied approximately 12 acres. 

 

 The Method 3 Risk Characterization has followed the requirements set forth in 310 CMR 40.0990 

of the Massachusetts Contingency Plan (MCP) as stated in the Risk Characterization guidance (MADEP, 

1995a).  Where necessary and appropriate, guidance developed by the US Environmental Protection 

Agency (US EPA) was also incorporated.  The Method 3 Risk Characterization is a quantitative 

assessment of the potential risks to human health, the environment, public welfare and safety posed by 

residual chemical and radiological constituents remaining in site soil, groundwater, surface water, 

sediment and fish following plant decommissioning. 

 

 YAEC is seeking to amend its YNPS license with the Nuclear Regulatory Commission (NRC),1 

which requires a process of radiological sampling and cleanup to demonstrate that the site meets the NRC 

standards.  The standards and requirements are set forth in YAEC's License Termination Plan (LTP) to 

meet the requirements of 10 CFR 20.1402.  YAEC has completed a Final Status Survey (FSS), which 

consisted of extensive radiological sampling of environmental media and radiation scans, to demonstrate 

compliance with the NRC license termination process.  In addition, YAEC has met the Massachusetts 

Department of Public Health (MADPH) radiological guidelines set forth in 105 CMR 120.291.  Both the 

NRC and MADPH establish radiological dose standards for the protection of human health.  The NRC 

requires meeting a 25 mrem/yr radiological dose standard, whereas the MADPH requires meeting a more 

stringent, 10 mrem/yr dose standard.  The site remediation and restoration conducted by YAEC complied 

with the more stringent 10 mrem/year MADPH standard. 

 

 In addition to satisfying the NRC and MADPH requirements, YAEC has also conducted a 

comprehensive environmental site closure as a voluntary action in accordance with guidelines established 

by the Massachusetts Department of Environmental Protection (MADEP) and US EPA.  Because the 
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NRC and MADPH standards or guidelines only address radiological constituents, this additional 

assessment of human health risks associated with non-radiological constituents -- for convenience and 

clarity, non-radiological constituents are referred to here as "Oil or Hazardous Materials" (OHM) -- was 

conducted following MADEP and US EPA guidelines.  The MADEP and US EPA require the assessment 

of "cumulative" (additive) risks associated with both radionuclides and OHM.  This Method 3 Risk 

Characterization evaluates cumulative chemical and radiological risks to human health, the environment, 

public welfare and safety.   

 

 The risk assessment was conducted following the procedures set forth in draft work plans 

submitted to the MADEP and US EPA in January 2005, which were then finalized in September 2006 

after obtaining Agency comments.  Subsequent to the final work plans submitted in September 2006 

(Gradient, 2006a, b), YAEC met with the Agencies on several occasions to provide interim data 

summaries and risk calculations.  The MADEP provisionally approved the risk characterization work 

plans in January 2007, with comments on several components of the approach.  A summary of the 

adjustments to the risk assessments to address the Agency comments has been provided to MADEP. 

 

 Although the ultimate disposition (site ownership and future uses) of the entire 1,800-acre site has 

not been finalized, the area formerly occupied by the YNPS has been restored and planted with 

vegetation, and the remainder of the site is undeveloped native woodlands.  Furthermore, during the 

remediation of the portion of the site that encompassed the former industrial area, MADEP approval was 

obtained under the Beneficial Use Determination (BUD) guidelines to re-use concrete material as fill in 

some areas of the site (MADEP, 2004a).  Within the BUD Area, the area that received concrete and 

asphalt fill (C&A Fill) was covered with at least 3 feet of graded soil cover.  Areas within the BUD, but 

outside the C&A Fill area, also received a graded soil cover in most areas, which varied in depth 

depending on local topography from one to three or more feet in thickness.   

 

 There are several enforceable use conditions/restrictions that are in the process of being placed on 

portions of the YAEC property.  These conditions/restrictions include the following (see Figure 2-1): 

 

• The notice on the deed applicable to the BUD areas precludes any future use other than a 
closed BUD area without prior written approval of the MADEP.   

                                                                                                                                                                           
1 The NRC license was changed from an "operating" to a "possession only" license in 1992 when YNPS operations ceased.  The 
amended NRC license would terminate the license provisions on YAEC property outside of the area containing the Independent 
Spent Fuel Storage Area (ISFSI), such that the amended license would pertain to the ISFSI area only. 
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• The notice on the deed applicable to the C&A Fill BUD area also precludes any future 
use other than a closed BUD fill area without prior written approval of the MADEP.  
Additional restrictions in the C&A Fill area prohibit (i) disturbing the soil cover, 
(ii) excavation in the BUD area, and (iii) invasive procedures including installation of 
soil borings or wells, without prior MADEP approval. 

• A notice of landfill operations for the Southeast Construction Fill Area (SCFA), a former 
construction debris disposal area, will be filed.  The notice on the deed prohibits any 
future use of the surveyed SCFA area other than its present use, without prior MADEP 
approval. 

• A Declaration of Land Use Restrictive Covenant under the Toxic Substances Control Act 
(TSCA) was filed to cover those areas of the site where polychlorinated biphenyls 
(PCBs) remain in soils above 1.0 mg/kg, the TSCA threshold for "unrestricted" use.  This 
deed restriction precludes any residential development in those designated areas of the 
site (surveyed and recorded on the deed).  The TSCA deed restricted areas overlap the 
BUD and SCFA areas (see Figure 2-1). 

• YAEC intends to file a deed restriction on the YAEC property that precludes future 
residential development within the study area of the former plant (see Figure 2-1). 

 

For brevity, unless otherwise noted, the areas where these enforceable land use restrictions apply are 

termed the "Restricted Use Areas" (RUA).   

 

 Until the government provides an approved off-site storage repository for the spent nuclear fuel, 

the spent fuel has been stored in concrete containers at the Independent Spent Fuel Storage Installation 

(ISFSI) constructed at the site.  The NRC license will remain in effect for the ISFSI area.  A 300-meter 

buffer, the "Owner Controlled Area," will remain under YAEC's control until an off-site facility is 

available and the material is shipped off-site.2  The ISFSI is fenced and guarded 7 days a week, 24 hours a 

day, such that the unrestricted human access/exposure will not be allowed in the Owner Controlled Area, 

which extends to the shoreline of Sherman Reservoir.  Note that the ISFSI is within the Restricted Use 

Area. 

 

 A deed restriction is currently in place on the TransCanada property (because of the existence of 

the Sherman Dam and hydroelectric station) that similarly restricts any residential development of that 

property (see Figure 2-1).  

 

 The risk assessment evaluated potential current and plausible future exposure scenarios that are 

consistent with the foregoing land use restrictions.  For example, the above-mentioned land use 

                                                      
2 It is not known how long into the future it might be until the spent fuel can be removed; for planning purposes, YAEC has 
assumed it will be 16 years (and could be substantially more). 
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restrictions preclude residential development of the site in areas in the vicinity of the former YNPS plant, 

as well on the TransCanada property.  A risk calculation for a residential scenario in these areas was not 

conducted for this reason.  The baseline conditions evaluated in this risk characterization included the 

following plausible current and future use scenarios: 

 

• Current Use Recreator ("walk through") 

• Future Use Recreator (e.g., frequent use) 

• Hypothetical Future Commercial/Industrial Use 

 

 In this risk characterization, the potential human health risks associated with site-related 

constituents was compared to risks associated with exposure to naturally occurring or ubiquitous 

constituents in the environment.  This is particularly important for naturally occurring radionuclides, 

inorganic constituents (e.g., metals), and other chemicals associated with ubiquitous natural and 

anthropogenic sources.  Thus, the risk characterization included an evaluation of background levels of 

radionuclides and chemicals in the vicinity of the site, in order to compare site risks with background 

risks.  An evaluation of potential localized "hot-spots" was also included in this risk characterization.   

 

Summary of Cumulative Human Health Risks 

 

 The risk characterization evaluated chemicals and radionuclides measured in soil, sediment, 

surface water, groundwater and fish.3  MADEP default exposure factors were adopted in the risk 

characterization for OHM.  In the absence of MADEP guidance, US EPA default exposure factors were 

adopted for the risk characterization for radionuclides.  As shown in the summary below, the human 

health risks for the foreseeable future uses of the site are less than the MADEP acceptable risk benchmark 

of 1 in 100,000 (equivalently expressed as 1/100,000, 10-5
, or 0.00001) increased lifetime cancer risk for 

recreational and hypothetical future commercial scenarios.  For areas with use restrictions, potential risks 

for hypothetical residential use have not been ruled out.4  In addition, as discussed later in this Executive 

Summary and Section 6.5 of the report, several constituents in groundwater exceed drinking water 

standards.  Even though groundwater from the BUD Area is not currently used for drinking water, by 

regulatory definition under the MCP, a condition of “Significant Risk to Human Health” exists at the site 

                                                      
3 Chemicals and radionuclides detected in fish at the site were also detected in background samples at comparable concentrations 
such that the fish consumption pathway was not included in the quantitative risk characterization. 
4 The use restrictions preclude residential uses. 
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because drinking water standards are exceeded in several monitoring locations in the BUD Area.  YAEC 

will continue to monitor groundwater conditions in the future. 

 

 As described in the text, exposure and risk associated with radionuclides for future unrestricted 

recreational and hypothetical commercial exposures on the YAEC property includes a 16 year "delay" in 

the possible earliest date such activities would be possible.  YAEC will maintain the "Owner Controlled 

Area" around the ISFSI until a DOE nuclear fuel disposal facility is available—this period could be 

substantially longer than 16 years.  The initial exposure point concentration of radionuclides for 

commercial and future recreational exposures was therefore "decay adjusted" to reflect this 16-year delay 

(this 16-year initial decay adjusted period was not applied to the current use recreational scenario). 

 

Summary of Human Health Cancer Risk Calculations 
Cumulative Risks [a] 

Exposure Scenario Radionuclides Chemicals 
Site Background[b] 

Current Use Recreator 8 × 10-8 6 × 10-7 7 × 10-7 3 × 10-7 

Future Use Recreator 6 × 10-7 2 × 10-6 2 × 10-6 2 × 10-6 

Hypothetical Future Commercial 

 TransCanada 2 × 10-7 3 × 10-7 5 × 10-7 5 × 10-6 

 YAEC Outside BUD/TSCA 6 × 10-8 2 × 10-7 2 × 10-7 5 × 10-6 

 YAEC Inside BUD/TSCA 2 × 10-6 3 × 10-6 5 × 10-6 5 × 10-6 

MADEP Risk Benchmark 1 × 10-5  
Notes: 
[a] Differences in the cumulative risks and the summation of radionuclide plus chemical risk is caused by rounding (individual results are 
expressed to only one significant figure). 
[b] Background risks were evaluated for the same chemicals of potential concern as were included in the site-related risk estimates. 
 

 

Non-Cancer Chemical Hazard Assessment 

 

 For the assessment of potential non-cancer chemical health hazards, estimated chemical intake is 

compared to an "acceptable" Reference Dose.  The ratio of the estimated chemical exposure to the 

Reference Dose is termed a "Hazard Quotient," which when summed over multiple chemicals yields a 

"Hazard Index."  When the Hazard Index (HI) ratio is less than or equal to one (e.g., HI≤1), there is little 

likelihood of adverse health risks and risk management actions are not generally considered necessary by 

MADEP or USEPA.  For values of the HI greater than one (e.g., HI>1), the possibility of potential 

adverse health impacts cannot necessarily be ruled out and risk management considerations may be 
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required.  Because the Hazard Index for the child exposure scenario is inherently greater than for 

adults/adolescents (and the HI values are not additive for different age groups), only the HI values for the 

child receptor are summarized below for recreational pathways.  As the summary indicates, the value of 

HI is less than one for the current and foreseeable future recreational use scenarios, and the HI is less than 

one for hypothetical future commercial use scenarios (adults).  Subchronic HI values are also less than 

one. 

 

Summary of Human Health Non-Cancer Chemical Hazard 
Hazard Index Exposure Scenario 

Site Background 
Current Use Recreator – Child 0.06 0.02 
Future Use Recreator – Child 0.2 0.05 
Future Use Recreator – Child (Subchronic) 
 TransCanada  0.1 nc 
 YAEC Outside TSCA/BUD Area 0.2 nc 
 YAEC Inside TSCA/BUD Area 0.4 nc 
Hypothetical Future Commercial Use (Adults) 
 TransCanada  0.01 0.0008 
 YAEC Outside TSCA/BUD Area 0.05 0.0008 
 YAEC Inside TSCA/BUD Area 0.2 0.001 

MADEP Benchmark 1 
   nc:  not calculated. 
 

  

Summary of Environmental Risk Characterization 

 

 This Method 3 Risk Characterization also included an assessment of environmental (e.g., 

ecological) risk, again following MADEP guidelines where available.  The environmental risk 

characterization evaluated representative habitats and species either found at the site, or typical of 

northeastern deciduous hardwood habitats, including possible sensitive species.  This evaluation included 

an assessment of both aquatic and upland habitats.  The MADEP environmental risk characterization 

guidelines include a two-stage process that allows for a Stage I screening of detected chemical 

concentrations against MADEP screening benchmarks, followed by a detailed food web analysis in Stage 

II as necessary.  The environmental risk assessment screened against background concentrations and 

detection frequency for chemical constituents in Stage I, and included the full Stage II assessment (i.e., no 

screening out of chemicals on the basis of screening benchmarks). 
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 Because no MADEP guidelines exist for the assessment of ecological risks for radionuclides, 

guidance developed by the U.S. Department of Energy (DOE) was used for the environmental assessment 

of potential risks to environmental receptors associated with radionuclides.  During meetings and 

discussions with the MADEP, US EPA Region I, and representatives from US EPA Headquarters, the 

Agencies concurred that the DOE methods were the acceptable established approach for the assessment.  

In a manner similar to the MADEP guidelines for chemical risk assessment, the DOE approach includes a 

stepwise assessment, with the first step being a screening of radionuclides in soil or sediment to "Biota 

Concentration Guidelines" (BCGs) to determine whether an in-depth food web analysis will be required.  

In the case of radionuclides, the screening assessment indicated that all radionuclides were well below 

conservative BCGs, such that no food web analysis was needed or conducted. 

 

 The results of the ecological risk characterization for OHM are presented in terms of a Hazard 

Index (HI) for receptor species, which represents the calculated chemical intake or exposure relative to an 

acceptable intake, denoted as a Toxicity Reference Value (TRV).  TRV values were selected from 

published literature based "No Observable Adverse Effects Levels" (NOAELs) and the "Lowest 

Observable Adverse Effects Levels" (LOAELs).  The calculated Hazard Indices are summarized below. 

 

Summary of Environmental Hazard Indices 
Site Background* 

Receptor 
NOAEL LOAEL NOAEL LOAEL 

Birds 

robin 7 <1 4 <1 

king fisher <1 <1 <1 <1 

Bald eagle <1 <1 <1 <1 

Mammals 

shrew 3 <1 2 <1 

cottontail 1 <1 <1 <1 

raccoon <1 <1 <1 <1 

fox <1 <1 <1 <1 
*Background HI values were calculated for the same COPCs using the same exposure factors used to calculate site-related values. 

 

 

 None of the LOAEL-based Hazard Indices exceed 1.0, the Agency benchmark commonly used to 

evaluate the potential for adverse ecological impact.  The NOAEL-based Hazard Indices are above one 
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for the robin and shrew..  Similarly, the NOAEL-based background HI for the robin and shrew exceed 

one based on exposure to background concentrations of constituents of potential concern (COPCs). 

 

 A comparison of chemicals in sediment, soil, and surface water to published benchmarks was also 

conducted.  This comparison was done by calculating a "Benchmark Quotient," which is simply the ratio 

of the chemical concentration relative to its benchmark value.  Although several constituents exceed 

benchmarks (several metals, PCBs, and PAHs), these results do not imply significant risk to the 

environment for several reasons: 

 

• COPCs (e.g., selenium, zinc) that exceeded soil benchmarks for plants or soil 
macroinvertebrates on site, also exceeded these same benchmarks in local background 
sampling locations. 

• Organic COPCs (PCBs and PAHs) which exceeded their "Threshold Effects 
Concentration" sediment benchmarks in several locations were below their "Probable 
Effects Concentration" benchmarks with only a few isolated exceptions. 

• Fish sampled in Sherman Reservoir and the Deerfield River did not contain metals, 
radionuclides, or PCBs above respective concentrations in background samples, 
indicating aquatic food web impacts are unlikely. 

 

 The results of the environmental risk characterization yield the following evidence which support 

a finding of no significant risk to the environment: 

 

(1) Soil and sediment samples occasionally exceeded benchmarks, but the site-related 
benchmark quotients did not differ appreciably from background benchmark quotients.  
Moreover, the sample locations exceeding soil or sediment benchmarks did not 
demonstrate any spatial pattern that might have indicated localized potential hazards. 

(2) The LOAEL Hazard Indices for the food web ecological assessment were all less than or 
equal to one (e.g., LOAEL HI ≤1). 

(3) Although the NOAEL HI was above one for several receptors, in all cases it was less than 
10, and also did not differ appreciably from the NOAEL HI for background constituents. 

(4) Fish tissue samples did not reveal site-related COPCs above background, which provides 
a further indication that food web uptake of site-related constituents is not significant. 

(5) Site-related constituents did not exceed surface water quality standards in the Sherman 
Reservoir or Deerfield River samples. 

 

On the basis of these multiple lines of evidence, the environmental risk characterization supports a finding 

of "No Significant Risk of Harm to the Environment" according to section 40.0995 of the MCP. 
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Comparison to Applicable or Suitably Analogous Standards 

 

 This Method 3 Risk Characterization also compared the environmental data to drinking water and 

surface water quality standards, which are considered by the MADEP as Applicable or Suitably 

Analogous Standards.  

 

 Several constituents currently exceed drinking water standards for several monitoring wells 

within the BUD footprint.  There are no current drinking water wells in this area, nor could they be 

installed in the future under the constraints imposed by the land use restrictions.  Nonetheless, the fact 

that there are no public sources of drinking water in the vicinity of the site requires that site groundwater 

be considered a Potential Drinking Water Source Area, classifying site groundwater as GW-1.   

 

 In 2006, arsenic (MW-107A, MW-101A), acetone (MW-101C), and tritium (MW-107C) 

exceeded their respective drinking water standards -- Massachusetts Maximum Contaminant Levels 

(MMCLs) and Federal Maximum Contaminant Levels (MCLs).  In the most recent March, 2007 

groundwater monitoring round, arsenic marginally exceeded its MCL in MW-111C, and tritium exceeded 

its MCL in MW-107C.  Acetone in MW-111C was below its MCL in the "parent" sample, but exceeded 

its MCL in the duplicate analysis.  All of these wells are all within the footprint of the BUD. 

 

Constituent Well 2006 (Maximum) 2007 (March) MCL 

MW-107A 0.0144 0.0094 
MW-101A 0.016 0.0092 Arsenic 

MW-111C 0.004 0.0101 

0.010 mg/L 

Acetone MW-101C 4,890 2,890 (3,450 dup) 3,000 μg/L 

Tritium MW-107C 41,300 30,900 20,000 pCi/L 

 

 

 Arsenic is naturally occurring, and there is no identifiable pattern in space or time, suggesting that 

arsenic in groundwater is not evidence of a site-related "release."  In addition, the detected concentrations 

of arsenic are only marginally above drinking water standards, and are within the range of background 

levels found within Massachusetts public drinking water supplies.  Although arsenic has exceeded its 

drinking water standard in several wells, it is neither widespread nor consistent over time across the site.  

Furthermore, the wells that have exceeded the arsenic drinking water standard are within the BUD area 

where no current drinking water wells exist, and none can be installed in the future under the BUD 
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restrictions.  For these reasons, arsenic was not included in the baseline risk calculations for current or 

hypothetical future uses of the site (arsenic was considered in a sensitivity analysis presented in an 

appendix). 

 

 Although the Tritium concentration in MW-107C in March 2007 was above the concentration 

measured in December, 2006, the overall Tritium trend in MW-107C is a declining one over time.  This 

trend is expected to continue now that remediation of the site is complete.  Similarly, acetone in 

MW-111C, which measured 14,000 μg/L in 2004, also exhibits a declining trend that is expected to 

continue. 

 

 YAEC will continue to monitor groundwater according to the monitoring plan provided to the 

MADEP in order to evaluate whether these constituents decline to levels below their respective drinking 

water standards. 

 

 Chemicals detected in surface water from the Sherman Reservoir and Deerfield River did not 

exceed surface water quality standards.  Several inorganic constituents sporadically exceeded surface 

water quality standards in Wheeler Brook samples, as was true for several inorganic constituents in 

background surface water samples. 

 

Risk to Public Welfare and Safety 

 

 The YNPS has been completely dismantled and the site has been restored.  There are no 

remaining conditions such as rusted or corroded drums, unsecured pits, lagoons, ponds, etc.  Areas of the 

site where residual constituents exist are subject to land use restrictions to control future uses of those 

areas.  The only remaining component of the site relating to past operations is the ISFSI, which contains 

the stored spent nuclear materials.  The ISFSI is guarded 7 days a week, 24 hours per day.  Furthermore, 

radiation from the ISFSI drops to background levels within 100 to 200 meters of the ISFSI.  Safety issues 

relating to the operation of Sherman Dam (activities within the vicinity of the dam and intake structure, 

maintenance of flood control requirements, etc.) are regulated under the FERC license that addresses 

public safety.  Upon this basis, it can be concluded that the site poses "No Significant Risk to Safety." 

 

 The MCP also specifies that the risk to public welfare should be evaluated by considering 

whether nuisance conditions that might affect public welfare exist at the site.  The risk characterization 

evaluated the possible human health risks relating to residual chemicals and radionuclides in 
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environmental media, with the findings summarized above.  In addition, the MCP requires a 

determination of whether constituent concentrations exceed Upper Concentration Limits (UCLs) 

prescribed in 310 CMR 40.0996.  As discussed in this report, site-wide soil and groundwater exposure 

point concentrations for OHM constituents are below their respective Method 3 UCLs.  Although there 

are no UCLs for radionuclides, as noted above, the only site-related radionuclide above drinking water 

standards is tritium in groundwater within the C&A Fill area of the site where there are no current 

drinking water wells, and restrictions noted above preclude installation of future wells.  These site 

conditions support a finding of "No Significant Risk to Public Welfare" under the MCP. 

 

Conclusions 

 

 According to the 310 CMR 40.0993 of the MCP, the results of a Method 3 Risk Characterization 

support a finding of "No Significant Risk to Human Health" if: 

 

• No exposure point concentration of OHM is greater than an applicable or suitably 
analogous public health standard;  

• No cumulative cancer risk exceeds the MADEP acceptable limit (10-5); and 

• No cumulative non-cancer risk (e.g., Hazard Index) exceeds the MADEP acceptable limit 
(e.g., HI≤1). 

 

As described in this report, the cumulative potential cancer risk estimates and the cumulative non-cancer 

Hazard Indices both meet the above Agency guidelines.  Because arsenic, acetone, and tritium exceed 

drinking water standards in several monitoring wells on the YAEC property, by regulatory definition this 

results in a condition of "Significant Risk to Human Health" according to the MCP.  As discussed in this 

report, arsenic occurs naturally in groundwater.  The arsenic concentrations detected sporadically at the 

site do not exhibit a spatial pattern indicative of a site-related release condition, and the concentrations 

detected are within background concentrations measured in public drinking supplies within 

Massachusetts.  While groundwater at the site is classified as a Potential Drinking Water Source Area, 

groundwater impacts exceeding public health standards are limited to areas of the site where groundwater 

is not currently being used as a source of drinking water, and land use restrictions under the BUD 

preclude installation of drinking water wells within these areas.  Therefore, there is currently no potential 

for adverse exposure or risk posed by current conditions.  Nevertheless, as a Potential Drinking Water 

Source Area, the potential exists for groundwater to be used as a source of drinking water in the future 

(from wells installed outside the C&A Fill BUD area), and such use could pose a potential condition of 
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significant risk of future exposure.  As such, the condition of significant risk posed by site groundwater is 

a potential risk in the future, but not under current conditions.  By definition under the MCP, the lack of 

significant risk posed by current conditions, but potential future risk posed by current groundwater 

conditions, indicates that site groundwater does not pose a Substantial Hazard.  Continued natural 

attenuation,5 risk management controls, including groundwater monitoring to evaluate whether 

groundwater impacts fall below MMCLs/MCLs, and a prohibition on the installation of drinking water 

wells on the YAEC property within the C&A Fill BUD area, address these conditions. 

 

 The results of the risk characterization indicate cumulative cancer risks for the current and 

foreseeable uses of the site (open land/recreation), are below the MADEP 10-5 risk threshold, and 

cumulative HI values less than 1.  The same conclusion holds for hypothetical future commercial uses of 

the YAEC and TransCanada properties.  These results support the finding of "No Substantial Hazard" to 

human health as defined in 310 CMR 40.0956 of the MCP.  No additional "Activity Use Limitations" 

under the MCP are needed for the YAEC property other than the land use restrictions defined earlier. 

 

 Neither OHM nor radionuclides exceed public health standards on the TransCanada property.  

Similarly, cumulative human health risks for recreation and hypothetical commercial uses are below 10-5 

and the Hazard Index is less than one (HI<1) on the TransCanada property.  These results support a 

finding of No Significant Risk to Human Health on the TransCanada property according to the MCP. 

 

 The results of the Method 3 Environmental Risk Characterization found no evidence of 

biologically significant harm, no indication of the potential for biologically significant harm above 

background, and no concentrations of OHM above applicable or suitably analogous standards.  These 

results support the finding of No Significant Risk of Harm to the Environment according to 

310 CMR 40.0995 of the MCP. 

 

                                                      
5 The radioactive half-life of tritium is 12 years, which means that the concentration of tritium reduces by 50% every 12 years by 
natural radioactive decay. 
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1 Introduction 

 This report presents the Method 3 Risk Characterization to support the site closure post 

decommissioning, cleanup, and restoration at the Yankee Nuclear Power Station (YNPS).  The YNPS is 

located in the town of Rowe, situated in northwestern Massachusetts along the Deerfield River adjacent to 

Sherman Dam (Figure 1-1).  Yankee Atomic Electric Company (YAEC) owns the former YNPS that 

occupied approximately 12 acres of land surrounded by approximately 1,800 acres. 

 

 The YNPS began operations in 1961 and ceased operation in 1992, at which time its operating 

license with the Nuclear Regulatory Commission (NRC) was changed from its prior "operating" license to 

a "possession only" license.  The plant has been dismantled and YAEC is amending its possession-only 

license with the NRC such that it will cover YAEC property for the area occupied by the Independent 

Spent Fuel Storage Installation (ISFSI).  In order to amend its NRC license, YAEC has completed a 

process of radiological sampling and cleanup, as required by the NRC in 10 CFR 20.1402 and set forth in 

the YAEC (2003a) License Termination Plan (LTP).  In addition, YAEC is complying with the 

Massachusetts Department of Public Health (MADPH) requirements for meeting radiological guidelines 

set forth in 105 CMR 120.291.  Both the NRC and MADPH require compliance with radiological "dose-

based" requirements for the protection of human health upon plant closure, license termination and/or 

property disposition. 

 

 In parallel with cleaning up the site to amend the NRC license and meet the MADPH radiological 

dose requirements, YAEC has conducted a comprehensive environmental closure to ensure that the 

property would pose no adverse human or environmental risks once YAEC transfers title of the property.6  

The environmental site closure is being performed as a voluntary action in accordance with guidelines 

established by the Massachusetts Department of Environmental Protection (MADEP) and U.S. 

Environmental Protection Agency (US EPA), as well as requirements established by the NRC and 

MADPH. 

 

 Because the NRC and MADPH standards or guidelines only address radiological constituents, 

this additional assessment of human health risks associated with non-radiological constituents -- for 

convenience and clarity non-radiological constituents are referred to here as Oil and Hazardous Materials 

(OHM) -- was conducted following MADEP and US EPA guidelines.  In addition, both MADEP and US 
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EPA require the assessment of "cumulative," or additive risks associated with both radionuclides and 

chemicals.  This Method 3 Risk Characterization evaluates potential cumulative chemical and radiological 

risks to human health, the environment, public welfare and safety, to satisfy the requirements of the 

Massachusetts Contingency Plan (MCP) 310 CMR 40.0000.  This risk assessment also followed US EPA 

risk assessment guidance and Department of Energy (DOE) guidelines for the assessment of risks 

associated with radionuclides in the absence of MADEP guidelines for these constituents.   

 

1.1 Risk Characterization Goals 

 The NRC/MADPH "dose-based" methods and the MADEP/US EPA "risk-based" methods for 

radionuclides contain similarities and several differences.  They are similar in that both share the common 

purpose of ensuring protection of human health and the environment.  Perhaps the clearest difference 

between the approaches is that the NRC approach sets an upper limit on the human exposure in any one 

year (in mrem/yr), where the dose is forecast over a time-span of 1,000 years.  The highest dose in any 

one year within that 1,000-year time span must comply with the NRC (or MADPH) dose limits.  In 

contrast, the risk-based approach evaluates the exposure and risk over the course of an "exposure period," 

such as a lifetime.  In addition, the evaluations differ somewhat in their respective definition of the area 

over which an individual may be exposed (the "exposure unit" for the evaluation).  Yet, as noted above, 

despite these differences, both approaches are designed to ensure protection of human health. 

 

 The overall goal of the cumulative risk characterization approach described herein, is to 

determine whether post-closure environmental site conditions (e.g., existing structures removed, 

remediation of radionuclides and chemicals as necessary, and site restoration including a final soil 

grading plan over portions of the former industrial area) pose a significant risk to human health, the 

environment, public welfare and safety. 

 

 The risk characterization evaluated potential incremental human health risks posed by site-related 

constituents and compared these risks to those associated with exposure to naturally occurring or 

ubiquitous constituents in the environment (i.e., "background" concentrations that exist in the absence of 

the site).  This is particularly important for naturally occurring radionuclides, inorganic constituents (e.g., 

metals), and other ubiquitous chemicals or radionuclides (e.g., Cs-137 and Sr-90) associated with 

                                                                                                                                                                           
6 Future uses are not currently defined, although those areas beyond the former YNPS are currently undeveloped.  Section 2.2 
discusses likely future uses of the site, including enforceable restrictions on future uses in portions of the YAEC property. 
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anthropogenic sources.  Thus, as described below, the risk characterization included an evaluation of 

background levels of radionuclides and chemicals in the environment within the vicinity of the site in 

order to compare site risks with background risks. 

 

1.2 Method 3 Risk Characterization Framework 

 This Method 3 Risk Characterization was conducted in accordance with 310 CMR 40.0990 of the 

MCP following the MADEP Risk Characterization guidance (MADEP, 1995a).  Under the MCP, a 

Method 3 Risk Characterization involves four components:  risk to human health, the environment, public 

welfare, and safety.  MADEP risk characterization guidelines share the same underlying procedures 

established by US EPA for evaluating human health and ecological risks to environmental contaminants.  

Although the MCP indicates that the cumulative risk of cancer-causing constituents must be addressed, 

MADEP does not have any published radiological risk assessment guidance.7  Thus, the assessment of 

radiological risks primarily relied on US EPA guidance, with the most recent guidance set forth in the US 

EPA (2000) Soil Screening Guidance for Radionuclides:  Technical Background Document, providing the 

primary source.  In addition, the RESRAD8 multipathway risk assessment modeling system developed by 

the U.S. DOE (ANL, 2001) for radionuclides also served as a source of information as needed. 

 

 In addition to this cumulative human health risk assessment for the overall site closure, a focused 

risk assessment in support of the Toxic Substances Control Act (TSCA) Risk-Based Disposal Approval 

Application (RBDAA) was prepared pursuant to a request by US EPA Region I in support of US EPA 

approval for cleanup of polychlorinated biphenyls (PCBs) in site sediment (ERM, 2004a).  That 

assessment, along with subsequent revisions based on comments received from the US EPA, was 

completed and approved by the US EPA on September 28, 2004.  The cumulative risk assessment 

presented here for the site includes an evaluation of residual PCBs at the site, and other possible 

Constituents of Potential Concern (COPCs) where residual concentrations remain above background 

levels since completion of site remedial actions. 

 

 The MCP Method 3 Risk Characterization approach involves the following evaluation steps or 

procedures: 

 

                                                      
7 MADEP guidance simply states that cumulative risks of cancer-causing constituents must be addressed, without any specific 
mention of a need to address radiological constituents. 
8 "RESRAD" is the name of the modeling program used to evaluate radionuclide exposure and dose, it is not an acronym. 
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• Hazard Identification determines reasonably foreseeable uses of the site, categorizes soil 
and groundwater, establishes background conditions, identifies constituents of concern, 
and identifies applicable or suitably analogous standards.   

• Dose-Response Assessment describes the relationship between the level of exposure and 
the likelihood of an adverse effect. 

• Exposure Assessment identifies potential routes of exposure, potential hypothetical 
receptors that could be exposed to residual chemicals or radionuclides remaining at the 
site, and the frequency, duration, and extent of potential hypothetical exposures. 

• Risk Characterization combines the information from the previous three steps to quantify 
estimates of risk for carcinogenic and noncarcinogenic health effects, and compare these 
risk estimates to applicable risk management thresholds.   

• Uncertainty Analysis identifies the nature and the general magnitude of the uncertainty 
and variability inherent in the characterization of risks.   

 

 Established risk characterization procedures set forth in MADEP and US EPA guidance 

documents were followed, including the following: 

 
• "Guidance for Disposal Site Risk Characterization – In Support of the Massachusetts 

Contingency Plan" (MADEP, 1995a). 

• Pertinent MADEP Technical Updates and numerical standards pertaining to risk 
characterization (MADEP, 2002a; 2002b; 2002c; 2006a; 2006b). 

• "Risk Assessment Guidance for Superfund; Volume 1:  Human Health Evaluation 
Manual.  Part A." (US EPA, 1989). 

• US EPA's Soil Screening Guidance for Radionuclides:  Technical Background Document 
(US EPA, 2000). 
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2 Site Description and Environmental Conditions 

 This section presents a brief overview of the facility setting, history, and the environmental 

investigations pertinent to the risk characterization.  A brief discussion of the nuclear fission process is 

provided to provide perspective on the nature of radionuclides produced by fission, which when released 

to the environment, are those that are of potential concern in this risk characterization. 

 

2.1 Site Background and Characteristics 

 YNPS was built between 1958 and 1960 as a prototype plant intended to operate for six years.  It 

was originally designed as a 145-megawatt electric generating plant, and later increased to 185 

megawatts. The plant ultimately operated for over 30 years, from 1961 until 1992 when the YAEC Board 

of Directors decided to cease power operations permanently at YNPS and decommission the facility. 

 

 The site is located along the eastern shore of the Deerfield River adjacent to Sherman Dam, one 

of the several dams along the Deerfield River used for hydroelectric power generation (see Figure 1-1 and 

Figure 2-1).  YAEC currently owns the land upon which the former YNPS operated, and the surrounding 

lands.  The YAEC property is divided into two parcels, separated by the Deerfield River: 

 

• Rowe Parcel – Approximately 1,800 acres located in the northwest corner of Rowe, 
Massachusetts, to the east of the Deerfield River.  The former nuclear plant itself 
occupied approximately 12 of the 1,800 acres of the Rowe Parcel. 

• Monroe Parcel – Approximately 89 acres located in Monroe, Massachusetts, to the west 
of the Deerfield River. 

 

The majority of the property surrounding the former nuclear plant represents an area where there is no 

reasonable possibility (extremely low probability) of residual impacts from operations at the YNPS.  An 

ASTM Phase I survey in 2005 (ERM, 2006a), and a supplemental Phase I conducted in May 2006 

(Stratex, 2006), confirmed the lack of Recognized Environmental Conditions (RECs) as defined by 

ASTM Standard 1527-05 in the outlying areas.  A REC is defined as “The presence or likely presence of 

any hazardous substance or petroleum products under conditions that indicate an existing release, a past 

release or a material threat of a release of any hazardous substance or petroleum products into 

structures on the property or into the ground, ground water, or surface water of the property.  The term 

included hazardous substance or petroleum products even under conditions in compliance with laws.  
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The term is not intended to include de minimis conditions that generally do not present a threat to human 

health or the environment and that generally would not be the subject of an enforcement action if brought 

to the attention of appropriate governmental agencies.  Conditions determined to be de minimis are not 

RECs.”  These areas have, therefore, been excluded from the risk analysis, although a portion of the 

outlying area was used as a background sample location and included in that respect.   

 

2.1.1 Radionuclides Produced By Fission 

 To provide perspective on the radiological constituents evaluated in the risk assessment, a brief 

overview of the production of fission and activation products from the former nuclear reactor is provided 

here.  The operation of a nuclear reactor results in the creation of two types of radionuclides; fission and 

activation products.  Fission products are the direct result of U-235 absorbing a thermal neutron and 

splitting (fissioning) into two smaller nuclear fragments, each of which has an excess of neutrons.  The 

resultant fragments initially have a significant amount of kinetic energy, but due to their mass do not 

travel outside the confines of the fuel pellet.  When the fragments stop, they lose their kinetic energy by 

transferring it to the medium they are in (i.e., heating the reactor coolant).  The fragments are still 

radioactive and can decay by either negatron or neutron emission in order to reach a stable nuclear 

configuration.  The additional neutrons (referred to as delayed neutron emission) become available to 

induce more fission reaction events at some distance from the initial reaction site. 

 

 Most of the fission events occur within the nuclear fuel pins that comprise a nuclear fuel element, 

which in turn are a component of a nuclear reactor core.  Each pin is designed to keep the fission products 

within their metal clad container once they are created.  Occasionally during reactor operations, some of 

these fuel pins (much less than one percent) develop a defect.  When this failure occurs, some of the 

fission fragments enter the circulating water of the reactor coolant system.  
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 The fission fragments created during the fission process can be atoms with an atomic mass 

number that ranges from approximately 70 to 160 with predominant nuclides at approximately 95 and 

139.  Most of the radioactive fission products have short half-lives and decay by the emission of a beta 

particle.  Most of the beta decays are accompanied by the near spontaneous emission of a gamma ray.  A 

small fraction of fission radionuclides have half-lives greater than one year.  A listing of some common 

fission products is provided in Table 2-1, sorted by half-life. 

 

Activation Radionuclides -- Non-Transuranics 

 

 As discussed above, each fission event causes the emission of “free neutrons”, on average 2.5 

neutrons are emitted per event.  Some of these neutrons go on to cause other fission events, while others 

interact with other materials in or around the reactor core.  The interaction of neutrons with other non-

radioactive material often results in the “activation” of a stable atom.  The neutron interaction can occur 

by direct bombardment of metal components near the core, or it can occur with corrosion products carried 

in the reactor coolant as they travel through the core.  For instance, if a neutron is absorbed by Co-59, the 

creation of Co-60 results, which is a radioactive form of cobalt that decays by beta emission with a half-

life of 5.26 years.  In this example, Co-59 is a normal constituent of the steel alloys contained within the 

materials that make up and surround the reactor core. 
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 Activation products can be created from stable atoms that are contained within the circulating 

reactor coolant because this coolant passes through the reactor core where a high population of neutrons 

is present during reactor operations.  Some of these stable atoms result from corrosion and wear products 

from the operation of valves and pumps that are part of the reactor coolant system.  A listing of some 

common non-transuranic activation radionuclides is provided in Table 2-1. 

 

 Two of the radionuclides listed in Table 2-1 are activation products that come from sources other 

than metallic components.  Tritium (H-3) results from the neutron interaction with boric acid (added as a 

neutron moderator) and lithium (an added pH control agent).  Carbon-14 is formed as a result of 

activation of N-14 (from trace concentrations of dissolved nitrogen), and O-17 (from oxygen in water 

molecules). 

 

Activation Products -- Transuranics 

 

 An additional type of activation process results in the activation of U-238 and its resultant 

activation products.  Of the total uranium contained in a typical reactor core, approximately three percent 

is U-235 (the fissionable form) and 97 percent is U-238.  Some of the fission neutrons interact with the 

predominant U-238, resulting in U-239 and then Np-239 by beta decay, followed by Pu-239 by beta 

decay.  These activation products may again absorb a neutron creating other radioactive elements with 

atomic numbers greater than uranium (uranium's atomic number is 92), commonly referred to as 

transuranic radionuclides.  Most of the transuranic radionuclides have short half-lives and decay by alpha 

particle emission.  These activation products are usually insoluble materials and generally remain within 

the reactor core except when the fuel undergoes failures, thereby allowing fission products to enter into 

the reactor coolant system.  If no fission products are detected in areas outside of the reactor core, then it 

is reasonable to conclude that there will be no transuranic radionuclides.  Table 2-1 lists the long-lived 

transuranic radionuclides that are important during reactor operations. 

 

2.1.2 Naturally Occurring Radionuclides 

 Naturally occurring radionuclides are present in soil, groundwater, and surface water, sediment 

and food stocks.  These radionuclides are categorized as terrestrial or cosmic, depending on their origin.  

The terrestrial radionuclides are found in the earth’s crust, in both bedrock and soils.  These terrestrial 

radionuclides include U-234, U-235, U-238, and Th-232.  Each of these radionuclides is the first isotope 
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in a chain of successive radionuclides that form by decay, ending in a stable isotope of lead.  These decay 

chains include radioisotopes of U, Th, Pa, Ac, Ra, Rn, Po, Pb, and Bi.  The decay modes of each 

radioisotope in the series include the emissions of alpha particles, beta particles, and gamma rays 

depending on the specific isotope.  Also, the relative abundance of each of these radioisotopes may differ 

due to the various chemical properties of each element and the specific geochemistry of the area.  Because 

of the ubiquitous presence of these radionuclides, they are found in plants and animals as well as soils, 

surface water and groundwater. 

 

 The cosmic radionuclides are produced from nuclear interactions within the atmosphere 

principally from solar charged-particle radiation.  The radionuclides produced from these cosmic sources 

include K-40, C-14, H-3, and Rb-87.  Like the terrestrial radionuclides, these cosmic radionuclides are 

generally taken up within specific systems in the biosphere and can be found in soils, vegetation, animals, 

surface and groundwater, and bedrock. 

 

 Historical above ground nuclear weapons testing (during the 1970s and earlier) has contributed to 

radioactive material found in the environment, and material from this source is considered part of the 

measurable "background" as it is not related to YNPS operations.  The principal radionuclides of concern 

from weapons testing are Cs-137 and Sr-90.  Differentiating the contribution of Cs-137 and Sr-90 from 

fallout versus YNPS plant operations is done by comparing the site with samples from background areas, 

as well as examining the suite of radionuclides detected relative to those relating to plant operations. 

 

2.1.3 Radiological Monitoring During Operations 

 In 1958, approximately two years before YNPS began operation, the Radiological Environmental 

Monitoring Program (REMP) was initiated.  It continued throughout the entire 31-year period of 

operation and decommissioning, and continues today with a reduced scope (YAEC, 2006a).  The program 

was designed to provide an early indication of the appearance or accumulation of radioactive material in 

the environment caused by plant operations and to verify the adequacy and functioning of effluent 

controls and monitoring systems.  Data collected for the REMP was intended to compare radioactivity in 

areas possibly influenced by plant operations to areas that were not influenced by plant operations, based 

on factors such as direction and distance from the plant. 
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 Since the primary goal of the REMP was to provide data on measurable levels of radiation and 

radioactivity in the environment that resulted from plant activities, measurements were focused on 

radionuclides that were previously observed or potentially present in treated liquid and gaseous effluent 

waste streams.  Routine examination of environmental samples during the REMP included gamma 

isotopic analysis for 23 nuclides (activation and fission products), gross beta analysis, and tritium 

analyses.   

 

 As part of the Phase II-Comprehensive Site Assessment (ERM, 2005), REMP sampling results 

were reviewed for 1983 to 2003, a period that encompassed the last ten years of plant operation and the 

first ten years after operation ended.  Review of these data yielded the following observations (ERM, 

2005): 

 

• Air samples were collected continuously and analyzed weekly at five areas possibly 
influenced by plant operations and two areas that were not influenced by plant 
operations.  Radioactivity above instrument background,9 measured at all seven areas, 
was attributable only to nuclides that are naturally occurring or ubiquitous from historical 
weapons testing (Cs-137, Cs-134, Ru-103, Ru-106, Be-7), with a spike in 1986 due to the 
Chernobyl incident.   

• Soil sample analyses were performed every three years at the seven air sampling 
locations, using a portable gamma spectrometry analysis system with confirmatory 
analysis of core samples.  The review of soil data indicated only the presence of naturally 
occurring K-40 and two products of weapons testing fallout (Th-232 and Cs-137).   

• Surface water samples were collected monthly from the discharge point in Sherman 
Reservoir, at Bear Swamp (6.3 km downstream), and in Harriman Reservoir (upstream).  
No gamma emitters were detected, and gross beta concentrations in samples from Bear 
Swamp were comparable to those in Harriman Reservoir.  During YNPS operations, 
tritium concentrations in Bear Swamp were higher than in Harriman reservoir -- but 
always below the EPA's drinking water Maximum Contaminant Level (MCL).  Tritium 
concentrations in Sherman Reservoir surface water fell to concentrations 
indistinguishable from Harriman Reservoir after the end of plant operations.  

• Groundwater samples were collected monthly from the on-site potable water well and 
from Sherman Spring.  No gamma emitting radionuclides were detected at either 
location.  Tritium was detected at Sherman Spring throughout the 20-year period, with 
steadily decreasing concentrations that became indistinguishable from background 
concentrations in surface water in Harriman Reservoir.  

• Sediment core samples were collected semi-annually from Sherman Reservoir and the 
Deerfield River (36.1 km downstream) and one area in Harriman Reservoir.  Natural 
K-40 was detected in all samples.  Co-60 and Cs-137 were the only plant-related 
radionuclides consistently detected at low levels in Sherman Reservoir sediment samples 

                                                      
9 Instrument background represents the radiation counts from the analytical instruments when readings are taken with no sample 
in the instrument. 
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collected near the outfall (the result of licensed liquid releases).  Samples from areas of 
the Sherman Reservoir upstream of the cooling water discharge outfall, and samples from 
the Deerfield River sample location downstream of the plant contained no detectable 
amounts of plant-related radioactivity. 

• Fish samples were collected in the vicinity of the discharge point in Sherman Reservoir 
and in Harriman Reservoir.  Only naturally occurring K-40 and fallout related Cs-137 
were detected, and no differences were observed between the locations. 

 

The REMP data provide useful historical monitoring to detect the possible presence of radionuclide 

releases from the plant, but were not used in calculation of quantitative risk estimates.  Instead, recently 

completed FSS radionuclide data together with the Phase II radionuclide data are those used here to 

evaluate risks from radionuclides, because these results are more recent, more comprehensive, and more 

representative of current site conditions following plant decommissioning and site restoration. 

 

2.2 Study Areas and Foreseeable Future Use of the Site 

 Plant decommissioning and demolition, as well as site restoration have been completed.  All 

radiological systems, structures and components, with the exception of the ISFSI have been removed 

from the site.  The spent nuclear fuel is being stored in the ISFSI, an on-site dry cask storage facility, until 

the US Department of Energy (US DOE) satisfies its obligations to remove the spent fuel to a federal 

facility.  The ISFSI is fenced and protected by surveillance 24 hours a day.  Although the plant 

decommissioning and environmental restoration was completed in 2006, the YNPS license with the NRC 

will be amended to apply to the ISFSI area, but will not be officially "terminated" until such time that the 

DOE removes the spent fuel to permanent storage at a federally licensed storage facility (no such facility 

currently exists).  Thus, YAEC will retain control of the portion of the site consisting of the ISFSI and 

surrounding areas until the spent fuel is removed.  The Owner Controlled Area (as depicted on 

Figure 2-1), which encompasses a 300-meter border surrounding the ISFSI, will be subject to surveillance 

7 days a week, 24 hours a day by security guards.  Unrestricted access by the public is not allowed in the 

Owner Controlled Area. 

 

2.2.1 Study Areas 

 Based on the large size of the site, differences in historic use in particular portions of the site, and 

restrictions on certain future uses in designated areas, the site was divided into the following areas, which 
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together comprise the Combined Study Area (Figure 2-1).  These study areas have been extensively 

investigated for OHM and radionuclides. 

 

• Beneficial Use Determination (BUD) Area.  The BUD area is the portion of the site 
located within the former industrial area of the plant where foundations and rubblized 
concrete from structures were used as fill in restoring site grades under a BUD approved 
by MADEP (see Figure 2-1).  The BUD allowed for the on site reuse of building debris 
that met MADEP requirements (the material was free of any plant-related radiological 
constituents) to be used as fill in restoring the site.  This process is a form of recycling 
that does not adversely impact environmental quality, reduces the amount of waste 
generated that would otherwise take up space in a landfill and reduces the need for 
trucking added fill on to the site for use in grading during restoration.  As a component of 
the final site restoration/grading plan, a 3-foot cover of clean soil was placed over those 
portions of the BUD Area subject to filling.  The area with 3-feet of cover overlying fill 
is designated the Concrete and Asphalt Fill (C&A Fill) Area located within the BUD 
Area. Cover depths vary from one to three feet in the remainder of the BUD Area outside 
the C&A Fill Area.  As a condition of MADEP approval of the BUD, a notice was placed 
on the deed of the property that prohibits any future use other than a closed BUD area 
without prior written approval of the MADEP.  In the C&A Fill Area additional 
restrictions prohibit (i) disturbing the soil cover, (ii) soil/fill excavation, and (iii) invasive 
procedures including installation of soil borings or wells, without prior MADEP approval 
and the oversight of a Licensed Site Professional (LSP). 

• Southeast Construction Fill Area (SCFA).  The SCFA encompasses a former 
construction debris landfill, composed primarily of re-graded native soils (excavated to 
facilitate construction of the YNPS) with minor amounts of construction debris and 
rubble.  Approximately 13,050 yd3 of OHM-impacted soil (primarily PCBs in paint and 
lead from sandblast grit) were removed from the SCFA during Phase IV remedial 
response actions in compliance with the MCP.  An SCFA Closure Report has been filed.  
A notice on the deed of the property will be filed and this notice will prohibit any future 
use of the SCFA Area other than its present use, without prior MADEP approval. 

• TSCA Deed Restricted Area. A Declaration of Land Use Restrictive Covenant under 
the Toxic Substances Control Act (TSCA), was be filed to include those areas of the site 
where PCBs remain in soils above 1.0 milligram per kilogram (mg/kg), the TSCA 
allowable concentration for "unrestricted" land use.  This deed restriction specifically 
precludes any residential development in those portions of the site where PCBs in soil 
exceed 1 mg/kg (surveyed and recorded on the deed).  The TSCA deed restricted areas 
overlap the BUD and SCFA Areas. 

• Restricted Use Area (RUA).  YAEC intends to file a deed restriction that precludes 
future residential development on the YAEC property in those areas in the vicinity of the 
former power plant (see Figure 2-1).  Note that the RUA will encompass the areas the 
YAEC and TransCanada properties designated as the Combined Study Area on 
Figure 2-1. 

• TransCanada Property Study Area – This study area is that portion of the site on 
property owned by TransCanada.  The TransCanada Area includes former parking areas 
and a former leach field.  The portion of the TransCanada Study Area bordering Sherman 
Reservoir is termed the "Shoreline Study Area."  Note that a portion of the BUD Area 
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extends onto the TransCanada property within the Shoreline Study Area.  In addition, 
there is a deed restriction on the TransCanada property that precludes residential 
development. 

• West Storm Ditch (WSD) – The WSD is an intermittent drainage channel that carries 
groundwater seepage and stormwater runoff from former parking areas and portions of 
the former industrial area.  During YNPS operations, the WSD also carried permitted 
water discharges (e.g., plant sump discharges).  The WSD starts at the western portion of 
the former industrial area and flows under the paved access road and into the Deerfield 
River, south of Sherman Reservoir.  In the fall of 2004, sediment and soil with PCB 
concentrations above 1 mg/kg and radionuclides exceeding FSS criteria were removed 
from the WSD (ERM, 2006b).  In addition, as part of the decommissioning and site 
restoration process, the stormwater collection system in the former plant area was 
removed and sealed, reducing future runoff flows in the WSD. 

• Sherman Reservoir – Sherman Reservoir is the impoundment of the Deerfield River 
behind the Sherman Dam.  This reservoir was formerly used as a source of circulating 
cooling water during YNPS operations.  The reservoir is about 2 miles long, ¼-mile 
wide, and up to 75 feet deep along its central channel with steep, rip-rap banks and 
heavily forested shorelines.  Sediment remediation for PCBs in the vicinity of the East 
Storm Drain (ESD) outfall was completed in 2004 (ERM, 2006b).   

• Deerfield River – The Deerfield River starts in Vermont and travels through the 
northwestern portion of Massachusetts.  The river abuts the site along its eastern shore for 
over a mile.  The river flows rapidly immediately downstream of Sherman Reservoir and 
then flows moderately to the Monroe Bridge Dam.  The river was divided into two study 
areas, the Deerfield River adjacent to the site, and the Deerfield River downriver from the 
site. 

• Wheeler Brook – Wheeler Brook, with associated wetlands, is a perennial stream that 
transects the northeastern corner of the YNPS site and flows into Sherman Reservoir, 
directly north of the BUD Area.  This perennial brook may dry up or be reduced in size 
during the dry season, making it an ill-suited habitat for fish.  The Wheeler Brook 
Divertment was constructed by YAEC in 1980 to divert stormwater and surface water 
from upland areas around the industrial area into Wheeler Brook (ERM, 2004b).   

 

As noted earlier, the ASTM Phase I site investigation of the Monroe Parcel, and the outlying areas of the 

YAEC property confirmed the lack of Recognized Environmental Conditions beyond the study areas 

noted above. 

 

 For brevity, study areas on the YAEC property that fall within the BUD, TSCA, and SCFA areas, 

are referred to here as the "BUD/TSCA" areas.  Areas within the YAEC RUA outside of these areas are 

referred to as the "non-BUD/TSCA" areas or "outside BUD/TSCA" areas.  Where appropriate, specific 

study areas, such as the SCFA/TSCA areas are referenced. 
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2.2.2 Current and Future Use Scenarios 

 Although the future status of the site is currently not fully defined, the areas of the site formerly 

containing the YNPS have been restored and planted with grass; the areas beyond the former YNPS 

remain in their pre-existing undeveloped condition.  In situations where the end use of a property has not 

been defined, in the absence of enforceable restrictions on future uses the MCP generally requires the 

evaluation of potential risk under a hypothetical residential scenario in the risk characterization.  

However, in the case of this site, there are or will be enforceable restrictions in place that prohibit future 

residential development in the areas of the YAEC property in the vicinity of the former power plant.  In 

addition to the restrictions precluding future residential use, YAEC will maintain control over the Owner 

Controlled Area for the foreseeable future until the government makes available a permanent storage 

facility (off-site) for the spent nuclear fuel and the material is removed from the site.  As discussed below, 

residential development is also restricted on the TransCanada property.  Therefore, this assessment 

evaluates current and foreseeable future recreational use scenarios, as well as hypothetical future 

commercial use scenarios (though none are known to be planned at this time), as described in later 

sections.   

 

2.3 Site Investigations 

 Comprehensive environmental investigations of soil, sediment, surface water, groundwater, and 

fish have been conducted by YAEC to support plant decommissioning, site remediation, site restoration, 

and site closure.  These investigations provide the body of data and information used for this Method 3 

Risk Characterization.  The site investigations for "Oil and Hazardous Materials" (OHM) have been 

documented in a series of reports that have been submitted to the MADEP (ERM, 2004b; 2005; 2006c; 

2007a), and are also available on the Yankee website, www.yankeerowe.com.  OHM data collected from 

the site characterization efforts from 2000 through March 2007 were used in this risk characterization. 

 

 In addition to environmental investigations for OHM, an extensive radiological site sampling and 

characterization program has been completed by YAEC.  The site investigation and compliance program 

necessary to allow the termination of its NRC operating license is described in the YAEC (2003a) LTP.  

As part of the LTP, YAEC conducted a review of all historical data contained in the Historic Site 

Assessment (HSA), which represents a qualitative review of historic data, and documents the events and 

circumstances that occurred during plant operation and decommissioning that contributed to radioactivity 
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above background levels.  This information was used to identify, bound, and classify radiological survey 

areas for structures, soil, and sediment.  The LTP also defines the methods adopted during the now 

completed FSS, which developed rigorously-controlled quantitative data from the site to demonstrate 

compliance with NRC and MADPH standards.  The FSS study areas are shown on Figure 2-2. 

 

 Chemical and radiological data were compiled into an electronic database for the site.  The data in 

the electronic database were collected during the following investigations and sampling efforts:   

 

• Historical data collected in 1997 during earlier decommissioning stages for soil, 
groundwater, storm sewer/catch basin sediments, and Sherman Reservoir sediments 
(these data were not used for risk characterization because they did not account for 
remediation or the current condition of the property); 

• Sampling conducted to support remediation of the PCB paint chip release under the MCP 
and TSCA; 

• OHM sampling in support of the Site Closure Plan (as set forth in Field Sampling Plans); 

• Sampling to address MADEP comments on the Phase II Comprehensive Site Assessment 
Report; 

• Radiological data compiled in the Historical Site Assessment (HSA) which includes data 
for soils, sediments, and groundwater; and 

• Radiological data collected for the FSS to support an amended NRC license. 

 

2.3.1 Soil Sampling 

OHM 
 

 Soil quality at the site has been characterized as part of the overall site closure program and to 

assess the potential for OHM impacts, as reported in the following ERM documents: 

   

• Baseline Environmental Report: Yankee Nuclear Power Station Site Closure Project 
Rowe, Massachusetts (ERM, 2004b); 

• Phase II Comprehensive Site Assessment Report (ERM, 2005); 

• Supplemental Phase II Comprehensive Site Assessment Report (ERM, 2006c);  

• Addendum to the Phase II Comprehensive Site Assessment Report (ERM, 2007a); 

• TSCA Sediment Final Report (ERM, 2006d); 

• TSCA Soil Final Report (ERM, 2007b); and 

• Phase IV Final Inspection Report (ERM, 2007c). 
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Investigation of site soil quality in support of site closure relied on the results of previous site 

investigation efforts and a comprehensive review of actual and potential sources of OHM release at the 

site.  Two soil sampling approaches were employed in the initial characterization efforts: grid sampling 

with spacing at approximately 100 feet to provide site-wide characterization, and targeted sampling in the 

vicinity of potential source areas or where previous sampling indicated possible impacts.  Background 

soil samples, intended to represent naturally-occurring conditions, were collected from undisturbed areas 

in the vicinity of the site.  Both Geoprobe and manual sampling methods were used to collect soil in a 

manner that complied with YNPS Procedure DP-8120, Collection of Site Characterization and Site 

Release Samples.  Geoprobe samples were collected from 0 to 6 inches, 2 to 3 feet, and at a 1-foot 

interval above the water table (or at 14 to 15 feet or refusal if the water table was not encountered).  

Manual soil samples were collected from 0 to 6 inches and 2 to 3 feet using stainless steel hand augers or 

Geoprobes.  Samples were each given a unique sample identification, field observations were recorded, 

and sampling points were located by Global Positioning System (GPS) or by flagging and surveying.  

Samples were preserved on ice or in a refrigerator, and sample handling was documented using chain-of-

custody protocols in accordance with YNPS Procedure DP-8123, Sample Security and Chain of Custody. 

 

 Numerous additional sampling programs were completed between January, 2005 and September, 

2006 that were associated with site decommissioning and demolition efforts, landfill closure and in 

response to MADEP requests based on review of numerous reports submitted to support MADEP 

oversight of site closure efforts.  During Phase II efforts alone, soil samples were collected from over 25 

areas at the site.  These sampling locations are shown in Figures 4A and 4B of the Supplemental Phase II 

Comprehensive Site Assessment Report (ERM, 2006c), and are included on maps of the data presented in 

this report.  Figures 2-4 through 2-7 present all soil sample locations for OHM used in this risk 

characterization, highlighting concentrations that exceed the MCP S-1 criteria or maximum site-specific 

background concentrations.10   

 

Radionuclides 

 

 Soil samples for radiological characterization were collected as prescribed in the LTP and 

approved by the NRC.  As required by the NRC for the amended license and to support decommissioning 

of the YNPS, an FSS has been conducted.  The FSS study area, comprising approximately 30 acres of the 
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site, included the Owner Controlled Area, a 20-meter wide buffer zone outside the Owner Controlled 

Area, and other routinely utilized plant areas including the Visitor Information Center, Training Center, 

SCFA, parking lots, storm drain outfall areas, and part of Sherman Reservoir (Cumming, 1998).  The FSS 

study areas are depicted on Figure 2-3.  The main objective of the FSS was to demonstrate that residual 

radioactivity for each survey unit and potential doses from small areas of elevated activity were below the 

release criteria (25 mrem/yr for NRC and 10 mrem/yr for MADPH).  During planning of the FSS, the 

HSA and other pertinent documents were reviewed to establish plant-related radionuclides and survey 

unit classifications based on site characterization.  The FSS was conducted using a combination of fixed 

measurements, traditional scanning surveys, and other advanced survey methods.  The survey included 

sampling of surface soils (0 - 15 cm), subsurface soils in excavation/remediation areas, groundwater, and 

sediments.  The radiological sampling procedures followed the Multi-Agency Radiation Survey and Site 

Investigation Manual (MARSSIM) guidelines, which is the approach endorsed by MADPH, USEPA, and 

the NRC.  This comprehensive radiological assessment program included the collection of data from the 

site that was suitable for use in this risk assessment.  Soil sampling locations for Co-60, Cs-137, and 

Sr-90 are shown in Figures 2-8 through 2-10.11 

 

 In addition to the FSS sampling, sediment, surface water, and fish samples were collected and 

analyzed for radiological parameters and uranium (metal) to address comments made by the MADEP on 

the Phase II Comprehensive Site Assessment Report.   

 

 Naturally occurring radionuclides are ubiquitous in soils, sediments, and water, and as a result, 

are also present in plants and animals.  These radionuclides have both terrestrial sources (U-238, U-235, 

U-238, Th-232 and their decay products) and cosmic sources (K-40, H-3, Rb-87).  In addition to these 

natural radionuclides, above-ground nuclear weapons testing released radioactive material to the 

environment (e.g., Cs-137, Sr-90) that contributes to background radioactivity.  In order to differentiate 

between natural radionuclides at the site and those produced during operations at YNPS, comparisons 

were made between measured concentrations in samples from the industrial areas and concentrations in 

similar samples collected from areas unaffected by plant operations (i.e., background concentrations).  

Background radionuclide sampling locations, typically located off-site, were selected based on factors 

                                                                                                                                                                           
10 As described in Section 2.5, samples representing materials excavated or remediated are not included in the risk 
characterization. 
11 These three radionuclides are shown as they are the most prevalent.  All soil sample locations were analyzed using gamma 
spectroscopy (e.g., for Co-60 and Cs-137), and a subset were analyzed for hard-to-detect radionuclides (e.g., Sr-90). 
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such as meteorological history and dispersion calculations, relative direction from the plant, river flow, 

and distance (YAEC, 2002).  

 

 In evaluating the results of environmental sample analyses, it is necessary to consider the 

variability of natural and man-made sources of radioactivity, and the distribution of radionuclides in the 

environment and their uptake in environmental media.  This variability is dependent on many factors 

including release rates, past spatial variability of radioactive fallout from nuclear weapons tests and its on-

going redistribution, contribution from cosmic radioactivity, groundwater dynamics, soil characteristics, 

farming practices, and feed type.  Any one of these factors could cause significant variations in measured 

levels of radioactivity and these factors need to be considered in order to distinguish between natural and 

YNPS related radioactivity.  

 

 Background reference locations for radionuclides (Cs-137, Sr-90) were selected to represent 

similar environmental characteristics (vegetative cover, soil type, and disturbance) and located in a 

direction that was least impacted by airborne radiological releases from YNPS (i.e., from the main stack, 

the old incinerator, or re-suspension of contaminated soils).  Soil samples for Cs-137 and Sr-90 were 

collected from three reference locations to determine their respective background concentrations.  The 

Non-Impacted Area (NIA-01), as shown in Figure 2-11, was sampled during the Historical Site 

Assessment as one reference data set; the locations of background samples for OHM are also shown on 

Figure 2-11.  Soil samples from the vicinity surrounding Pelham Lake, located east/southeast of YNPS, 

was chosen as another reference area for Cs-137 and Sr-90.  This area, in a separate valley from the one in 

which YNPS was located, is shown in Figure 2-12.  Finally, a reference area designated "REF-01," was 

sampled during the FSS (Figure 2-8).  

 

2.3.2 Groundwater Wells, Water Supply Wells, and Sherman Spring 

 Groundwater monitoring has occurred at the site since the first monitoring well was installed in 

1977.  Since that time, a total of 83 monitoring wells have been installed.  Currently, 26 monitoring wells 

have been abandoned in part due to site decommissioning, leaving 57 monitoring wells (including nested 

wells) currently available for sampling.  The locations of historic and current wells are shown in 

Figure 2-13.  Two fresh water supply wells, one that previously served the Furlon House (DW-002, now 

abandoned) and one that serves the site (DW-001, active), have been included in the groundwater 
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sampling program.  In addition, surface seeps designated the "Sherman Spring" have also been sampled as 

part of the groundwater monitoring program. 

 

OHM 

 

 Wells were generally sampled quarterly for one (1) year and then sampled periodically thereafter.  

During 2003 and 2004, groundwater was sampled from 36 shallow interval monitoring wells, 

11 intermediate monitoring wells, 11 bedrock monitoring wells, the two fresh water supply wells, and 

Sherman Spring in accordance with the Groundwater FSP (ERM, 2003).  In March and November of 

2005, wells that previously exceeded MCP Reportable Concentration (RC) values were sampled again.  A 

comprehensive round of well sampling was conducted in April and May of 2006 to address comments 

made by the MADEP on the Phase II Comprehensive Site Assessment Report, and wells that exceeded 

RCs were sampled again during June and July of 2006.  Between January 2005 and September 2006, 

Sherman Spring and the fresh water supply well that served the plant were each sampled twice, and the 

well that served Furlon House was sampled once.  Additional groundwater sampling was conducted 

during September and December of 2006.  The latest round of groundwater sampling was completed in 

March of 2007.  Groundwater samples were collected using low-flow techniques in accordance with 

YNPS Procedure DP-9745 (YAEC, 2006b).  Groundwater monitoring results have been reported by ERM 

elsewhere; the results are discussed in Section 3 of this report. 

 

Radionuclides 

 

 Radiological constituents have been routinely monitored in groundwater, primarily for gamma-

emitting nuclides, plus tritium and strontium.  Following the installation of new wells in 2003, a quarterly 

groundwater sampling program was initiated, sampling active monitoring wells, when available.  The 

number of wells sampled increased further in the Spring of 2006, and then again in the Fall of 2006 when 

samples were collected from a total of 57 wells, Sherman Spring, and the potable well that serves the site.  

A summary of the groundwater monitoring program and results is provided in the following reports: 

 

• Yankee Nuclear Power Station 2006 Interim Groundwater Report.   

• August 31, 2006, Submittal of Groundwater Compliance Plan for License Termination at 
YNPS. (BYR 2006-074) 

• September 1, 2006, Groundwater Monitoring Plan to Support Closure Under the MA 
Contingency Plan. (BYR 2006-075) 
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• November 21, 2006, Update of Status of Groundwater Activities. (BYR 2006-108) 

• February 15, 2007, Final Groundwater Condition Report. (BYR 2007-016) 

 
 As documented in the foregoing reports, the distribution of groundwater contamination at the 

YNPS site has been monitored over the last several years by means of a quarterly sampling program.  All 

wells have been analyzed for the full suite of 10 gamma-emitting radionuclides, tritium, gross alpha, gross 

beta and 11 hard-to-detect (HTD) radionuclides, during at least one quarterly sampling round.  Many have 

been analyzed for the full suite of radionuclides during several of the quarterly sampling events.  This 

monitoring program has shown that only detectable concentrations of tritium are present in site 

groundwater.  Low levels of Cs-137, Sr-90, and Co-60 have been identified sporadically during analysis 

of groundwater; however, these instances were investigated and found to be caused by one of three 

reasons: 

 
1. Intrusion of surface water, which had been in contact with contaminated soil, into 

damaged well heads or road-boxes in adjacent areas. 

2. False positive detections from expected statistical variations in laboratory analyses. 

3. Improper onsite laboratory practices that introduced contamination into the sample being 
analyzed (e.g., lab cross contamination events). 

 

 The absence of radionuclides other than tritium in groundwater samples is consistent with soil-

water partition coefficients (Kd) presented for these radionuclides in literature.  The partition coefficients 

control the distribution of the radionuclides in groundwater, as compounds with low Kd values are 

strongly partitioned to groundwater relative to soil and geologic material, while compounds with higher 

Kd values are more readily partitioned to the solid phase.  The Kd value for tritium greatly favors its 

transport in the liquid phase (i.e., groundwater), while the Kd values of cobalt, strontium, and cesium 

favor their retention in the soil.  The radiological monitoring results for groundwater are discussed further 

in Section 3. 

 

2.3.3 Sediment and Surface Water Sampling 

OHM 

 

 Sediment samples were collected manually using a core tube, a Ponar or torpedo dredge, or 

divers.  Surface water samples were collected directly into sample containers without disturbing the 

sediment.  Prior to the site-wide environmental evaluation that was initiated in the fall of 2003, sediment 
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sampling focused on identifying sediments with the potential to have been impacted by the release of 

PCB-containing paint chips. 

 

 In August 2003, sediment samples were collected from 36 locations in Sherman Reservoir, six 

locations in the Deerfield River, five locations in the West Storm Drain Ditch, and six locations in 

Wheeler Brook.  In July 2004, sediment samples were collected from 10 locations in the Deerfield River 

near the confluence of the river and the West Storm Ditch, and from six locations in the West Storm 

Ditch.  Surface water samples were also collected at five locations in Wheeler Brook in July 2004.  

Sediment sampling locations are shown in Figures 2-14 through 2-17 and surface water locations are 

shown in Figure 2-18. 

 

 Between May and August of 2006, additional sediment and surface water samples were collected 

to address comments made by the MADEP on the Phase II Comprehensive Site Assessment Report 

(ERM, 2005; 2006c).  Three surface water samples and six sediment background samples were collected 

in the Deerfield River, upstream of Harriman Reservoir, and 10 surface water samples and 30 sediment 

samples were collected from the river downstream of the Sherman Dam (see Figure 2-12 and Figure 2-19 

for downstream and upstream sample locations).  Three surface water samples and 13 sediment samples 

were collected in Sherman Reservoir in the vicinity of the Intake Structure, the Discharge Structure, and 

the East Storm Drain Outfall.  Six surface water samples were collected from Wheeler Brook.  One 

surface water and one sediment sample were collected from the West Storm Drain Ditch, and from along 

the historic seep line of Sherman Spring and a spring to the south of Sherman Spring (see previously cited 

figures). 

 

Radionuclides 

 

 During the FSS, sediment samples were collected from the upstream reference area (REF-02) in 

Harriman Reservoir (Figure 2-19), and the Sherman Reservoir survey area (OOL-01).  Sample locations 

and results for the Sherman Reservoir samples for Cs-137, Sr-90, and Co-60 are shown in Figures 2-20, 

2-21, and 2-22, respectively.  Between May and August of 2006, additional sediment and surface water 

samples were collected to address comments made by the MADEP on the Phase II Comprehensive Site 

Assessment Report, as described earlier.  These "Phase II" sample locations for radionuclides are also 

shown with the OHM sample locations on the previously described figures. 
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 Background reference locations for radionuclides (Cs-137 and Sr-90) were collected from 

Harriman Reservoir, located on the Deerfield River upstream of Sherman Reservoir and YNPS, and 

portions of the Deerfield River upstream of Sherman Reservoir were chosen (Figure 2-19).  The sediment 

background results for Cs-137 and Sr-90 are discussed in Section 3. 

 

2.3.3 Fish Sampling 

OHM 

 Fish were collected at the site during 2002 to evaluate whether PCBs resulting from the paint chip 

release were present in fish in Sherman Reservoir.  Fish were also collected from the East Storm Drain 

(ESD) area, the northern end of Sherman Reservoir, and Harriman Reservoir during the Phase II 

Comprehensive Site Assessment in 2006 (Figure 2-19 indicates sampling areas).  Concentrations of PCBs 

in fish collected in 2002 and 2006 were comparable, and concentrations in fish collected from Sherman 

Reservoir (ESD area) and the Deerfield River were consistent with background concentrations in fish 

collected from Harriman Reservoir as discussed in Section 3.   

 

Radionuclides 

 

 Historical fish sampling for radionuclides was conducted as part of the Radiological 

Environmental Monitoring Program (REMP).  Both Cs-137 and naturally occurring K-40 were detected 

in fish.  A summary of the REMP sampling results is provided in the Phase II Comprehensive Site 

Investigation Report (ERM, 2005).  As that summary indicates, since the cessation of YNPS operations, 

the Cs-137 concentration in fish from the Sherman Reservoir does not differ from the Cs-137 

concentration in Harriman Reservoir fish. 

 

 Fish tissue sampling for radionuclides was conducted in June and July of 2006, and again in 

November 2006, to address comments made by the MADEP on the Phase II Comprehensive Site 

Assessment Report (ERM, 2005).  Fish were collected from Harriman Reservoir at historic sampling 

locations, at the southern end of Sherman Reservoir (e.g., ESD area), and from the Deerfield River 

between the outfall of the West Storm Drain Ditch and the Monroe Bridge Dam.  Fish were collected 

using trot lines and electrofishing methods.  The results are discussed in Section 3 of this report. 
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2.4 Usability of Risk Characterization Data 

 This section describes procedures performed to ensure and determine overall usability of the non-

radiological environmental site closure data used in the YNPS Method 3 Risk Characterization.  The data 

were collected and evaluated using rigorous Quality Assurance/Quality Control (QA/QC) protocols.   

 

2.4.1 OHM Analytical Program 

 All site closure QA/QC requirements and procedures for OHM, including Data Quality 

Objectives (DQOs), analytical methods, and data validation/data usability guidelines, were defined in the 

project Quality Assurance Project Plan (QAPP) (Gradient, 2003; 2004a; 2005a).  Overall, with very 

minor exceptions, the vast majority of the soil, sediment, groundwater, and surface water results were 

considered usable for incorporation in the risk characterization.  The general QA/QC program and data 

usability findings are summarized below. 

 

 Sample analyses of soil, sediment, groundwater, and surface water were performed by several 

program-approved analytical laboratories (e.g., Spectrum Analytical Services, Agawam, MA; Northeast 

Laboratory Services, Waterville, ME).  All data packages generated in support of the YNPS site closure 

contained documentation consistent with the requirements of the QAPP and Field Sampling Plans 

generated by ERM. 

 

 Parameters analyzed during the YNPS program included Volatile Organic Compounds (VOCs), 

Semivolatile Organic Compounds (SVOCs), Pesticides, Polychlorinated Biphenyls (PCBs), Total Metals 

by Inductively Coupled Plasma (ICP) and graphite furnace, Total Mercury, dioxins/furans, alcohols, 

EPH/VPH, and wet chemistry analyses (in groundwater only; included Chemical Oxygen Demand, 

Chloride, Cyanide, Nitrate, Sulfate, Total Alkalinity, and Total Dissolved Solids).  With the exception of 

wet chemistry parameters and MADEP EPH/VPH, all analyses were performed using US EPA SW-846 

Methods (US EPA, 1986) and where applicable, were consistent with the requirements set forth by the 

MADEP (MADEP, 2004b). 

 

 Method modifications were performed for some analyses, as follows: 

 

• PCBs in Soil and Sediment - PCBs in soil and sediment incorporated a revised 
extraction method per a request by US EPA Region I.  Soil and sediment samples were 
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oven-dried overnight at 60ºC and prepared for analysis using methylene chloride/soxhlet 
extraction procedures.  The soil and sediment PCB results were reported in dry weight, 
quantitated using the oven-dried percent solids, which in general was 99-100%. 

• Metals Analyses in Groundwater - In addition to total metals or priority pollutant 
metals, boron and lithium were analyzed in select groundwater samples. 

• PAHs in Groundwater and Sediments - SVOC analyses were performed in both the 
full scan mode for the full compound list and also via 8270C Selected Ion Monitoring 
(SIM) mode for Polynuclear Aromatic Hydrocarbons (PAH) and pentachlorophenol to 
achieve some of the lower MADEP Reportable Concentration (RC) values for these 
compounds. 

• Tentatively Identified Compound Analysis - Tentatively Identified Compound (TIC) 
analyses were requested for a percentage of groundwater/surface water samples. 

 

Data Validation Procedures 

 

 Site closure data were formally validated by ERM according to the YNPS QAPP beginning in 

2003.  Data generated prior to 2003 were not formally validated; however, Gradient performed a usability 

assessment of the historical data (Gradient, 2004c). 

 

 Modified Tier II and Modified Tier I data validation reviews of the soil, sediment, groundwater, 

and surface water results were performed by ERM based on the US EPA Region I Guidelines (US EPA, 

Region I, 1988a; 1988b; 1993; 1996; 2004) and professional judgment.  Per the QAPP, a full Region I 

Tier II validation review was performed on at least 25% of the data generated, while the majority of the 

remaining data underwent a Modified Tier I review.  During validation, individual data results were 

evaluated against the project-defined criteria for QC parameters including precision, accuracy, and/or 

sensitivity.  The data were also assessed for usability based upon the site-specific DQOs and professional 

judgment.  Data that did not fall within the QC bounds defined in the QAPP were qualified during the 

validation, and any data qualifiers were added to the YNPS site database where all data are maintained.  

The validators generated narrative reports that summarized all technical issues affecting accuracy, 

precision, and sensitivity of the data, and summarized actions taken, qualifiers applied, and any 

miscellaneous technical issues. 

 

 A small percentage of the data used in the risk characterization was not validated (this includes 

2006 and 2007 groundwater samples yet to be validated, some sediment samples from Phase II also to be 

validated, SCFA samples, and select resampled locations).  However, data usability is considered to be 
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unaffected, since the vast majority of the data were validated using strict QA/QC protocols, and these 

validated data are considered representative of the overall high quality of the site closure data. 

 

Data Usability Procedures 

 

 During the data usability evaluation, the validated data were further assessed by Gradient for 

overall precision, accuracy, representativeness, comparability, completeness, and sensitivity (also known 

as "PARCCS" parameters).  Gradient reviewed ERM's individual data validation reports and summarized 

the overall findings in several Data Usability Reports (Gradient, 2004b; 2004c; 2004d; 2005c 2005d; 

2005e; 2006), providing a summary of the technical data usability evaluation performed on the samples 

collected. 

 

 The most comprehensive DQO to defining overall data usability is completeness.  Completeness 

is defined as the percentage of data compared to the total amount of data collected that is judged to be 

valid to achieve the objectives of the investigation.  Although completeness is one of the PARCCS 

elements, it in fact embodies three QC acceptance criteria:  precision, accuracy, and sensitivity.  While 

data that are estimated (qualified J) or nondetected (qualified U) are considered usable and "valid" for 

project decisions, rejected data (qualified R) are considered unusable, or "invalid," and are excluded from 

the data set.  Thus, completeness is directly affected by rejected data as is readily seen from the definition 

of completeness below: 

 

  100
Results#Total

Results) Rejected#Total    Results#(TotalssCompletene % ×
−

=  

 

 As described in the QAPP, the completeness criterion for the YNPS site investigations was 90%, 

and is consistent with the requirements of the MCP (MADEP, 2004b).  During the data usability review, 

completeness was evaluated on three levels for each matrix validated:  general analytical categories (i.e., 

organics and inorganics), individual analytical parameters, (i.e., VOCs, SVOCs, PCBs, etc.) and 

individual compounds/analytes.   
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Usability Statistics Summary for Risk Characterization Data 

 

 An overall summary of the data completeness for the soil, sediment, groundwater, and surface 

water samples is presented in Table 2-2.  With some very minor exceptions, completeness criteria were 

met for the vast majority of the data used in the risk characterization.  As indicated in Table 2-2, with the 

exception of herbicides, all of the general analytical parameter groups easily met or exceeded the 90% 

DQO for completeness, and no significant data gaps were identified.  Table 2-3 presents a chemical-

specific summary for those chemicals where 10% or more of their values were rejected during validation 

(e.g., 90% or less completeness).  The overall data usability for each matrix is described below. 

 

Soil 

• Soil data used in the risk characterization achieved 98% completeness, meeting the 
completeness DQO of 90% (Table 2-2). 

• Several individual soil organic compounds (VOCs, SVOCs, herbicides) and a single 
inorganic analyte (antimony) did not achieve the 90% DQO (Table 2-3).  However, this 
is a minor data usability issue because in nearly every case, none of the individual 
compounds were detected in the usable results, and/or at least 50% of the results for the 
individual compounds were considered usable.   

 

Sediment 

• Sediment data used in the risk characterization achieved 96% completeness, meeting the 
completeness DQO of 90% (Table 2-2). 

• Several individual soil organic compounds (VOCs, SVOCs) and a single inorganic 
analyte (antimony) did not achieve the 90% DQO (Table 2-3).  However, this is a minor 
data usability issue because in nearly every case, none of the individual compounds were 
detected in the usable results, and/or at least 50% of the results for the individual 
compounds were considered usable. 

 
Groundwater 

• Groundwater data used in the Method 3 Risk Characterization achieved 96% 
completeness, meeting the completeness DQO of 90% (Table 2-2). 

• Several individual groundwater organic compounds (VOCs, SVOCs, herbicides) did not 
achieve the 90% DQO (Table 2-3).  However, this is a minor data usability issue because 
the majority of analytes affected were never detected, and for those that were detected, at 
least 50% of the results for the individual compounds were usable. 
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Surface Water 

• Surface water data used in the risk characterization achieved 98% completeness, meeting 
the completeness DQO of 90% (Table 2-2). 

• Several individual surface water VOCs did not achieve the 90% DQO (Table 2-3).  
However, this is considered a minor data usability issue since none of the individual 
compounds were detected in the usable results. 

 

Thus, with the minor exceptions noted here, the vast majority of the soil, sediment, groundwater, and 

surface water data used in the risk characterization met or exceeded the DQOs set forth in the QAPP, and 

the majority of the data results were considered usable for risk characterization. 

 

2.4.2 Radionuclide Analytical Program 

 YAEC developed and implemented a comprehensive QA Program for radiological sampling and 

analysis activities to ensure conformance with the established regulatory requirements of the NRC and 

accepted industry standards.  The YAEC organization utilized the Site’s NRC approved Yankee Quality 

Assurance Program (YQAP) to ensure that the radiological FSS and Site Groundwater Monitoring were 

performed in a safe and effective manner.  This program and supporting documents utilized specific 

industry standards for quality assurance and quality control measures to govern the implementation of the 

FSS and groundwater monitoring activities which were reflected in a comprehensive set of supporting site 

procedures, plans and instructions. 

 

 The QA/QC measures of the YQAP were integrated into the site decommissioning activities, 

including the development of the LTP and groundwater monitoring activities and were implemented as 

part of the site’s radiological remediation and monitoring programs.  FSS and groundwater monitoring 

activities essential to data quality were implemented and were conducted under approved procedures and 

regulatory oversight by NRC.  The effective implementations of administrative controls were verified 

through Independent Quality Assurance oversight activities.  Corrective actions were taken if deficiencies 

were identified.  These measures were applied to the related radiological analytical services provided by 

off-site vendors, in addition to any on-site vendors, contractors or sub-contractors supporting radiological 

surveys and groundwater monitoring activities.  

 

 The QA/QC measures ensured that trained individuals were utilized to perform activities in 

support of the site radiological remediation and monitoring programs.  These surveys were performed 
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using approved written procedures and properly calibrated instruments that were sensitive to the 

suspected contaminants of concern.  In addition, QC measures were taken to obtain quantitative 

information to demonstrate that results had the required precision and were sufficiently free of errors to 

accurately represent the site radiological investigations.  QC checks were performed as prescribed by the 

implementing procedures for both radiological field measurements and laboratory analysis (both on-site 

and third party).  The YAEC Quality Assurance organization assessed the performance of FSS and 

groundwater related activities. 

 

 The YNPS radiological program included radionuclide analyses in groundwater, soil, surface 

water, sediments, and fish.  Radiological analyses were performed by AREVA Environmental Laboratory 

(E-Lab) and General Engineering Laboratory (GEL).  Radiological analytical data were validated using 

guidance defined in Yankee procedures DP-8603, "Radiological Data Quality Assessment" (9/2005) and 

DP-8880, "Radiochemical Data Verification and Validation for Samples taken for the Purpose of Final 

Status Survey (FSS) and FSS-Related Characterization (10/2005).  Numerous assessment reports were 

generated by Yankee in support of the data review. 

 

 Radiological QA/QC procedures were defined in Yankee's AP-8852 "FSS Quality Assurance 

Project Plan" (5/2006) and AP-9601 "YNPS Site Characterization and Site Release QAPP for Sample 

Data Quality" (4/2006).  The QC program included routine collection and analysis of blind duplicates, for 

which precision criteria were generally met. 

 

2.5 Chemical and Radionuclide Database 

 Gradient has maintained a comprehensive database of OHM data for soil, sediment, surface 

water, and groundwater collected at the site.  Environmental characterization data from 2000 to the 

present were used in the risk characterization.  The data used in the risk characterization are organized 

according to the following investigation events: 

 
• 2000 - 2001 ISFSI 

• 2000 MCP Phase I 

• 2002 MCP Phase II 

• 2003 MCP Phase II 

• 2004 - 2005 SCFA 
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• 2004 Environmental Samples 

• 2005 Environmental Samples 

• 2005 TSCA Samples 

• 2006 Environmental Samples (including Phase II) 

• 2006 TSCA Samples 

• 2007 Environmental Samples 

 

Historical site data collected prior to 2000 were not used in the risk assessment.12  In addition, 

predevelopment well water samples, samples from remediated locations, waste characterization samples, 

and samples that were not environmental characterization samples (e.g., concrete, wastewater, sandblast 

grit, etc.), were not used. 

 

The following data were excluded from the risk assessment: 

 
• Field duplicates 

• Samples from excavated/remediated locations that no longer represent site conditions at 
site closure 

• Data rejected during validation 

 
 Some samples had multiple sets of results for the same analytical parameter and one or more sets 

of these results were excluded as follows: 

 
• For samples with laboratory reanalyses (e.g., more than one lab result per field sample), 

the usable chemical result was determined during data validation. 

• Results that exceeded the laboratory calibration range were excluded and the reanalyzed 
results were used. 

• PAH results analyzed by Method 8270C SIM (e.g., lower detection limits) were used for 
samples that were also analyzed by Method 8270C. 

• The SVOC results for US EPA Method 8270 were used preferentially for COPC 
screening over the SVOCs also reported from the results of Method EPH-04-1.   

• VOCs analyzed by US EPA Method 8260 were used preferentially over those VOCs also 
reported with the Method VPH-04-1.1 results.   

• Unadjusted EPH and VPH carbon fractions were replaced by their adjusted fractions.   

• Total petroleum hydrocarbons were not included as COPCs because they were analyzed 
separately as the combination of EPH and VPH fractions.   

                                                      
12 Background samples for radionuclides collected during the Historical Site Assessment were used. 
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• Naphthalene was detected using both SVOC and VOC methods (US EPA Methods 8270 
and 8260); the SVOC naphthalene results were used.   

• Results with higher detection limits for samples analyzed by both Alpha Analytical and 
Northeast Laboratories for the same analytical parameters were excluded. 

• Samples analyzed for PCBs by Northeast Laboratories were excluded if the same sample 
was also analyzed by Spectrum Analytical. 

• PCB results analyzed by Spectrum Analytical by Method SW846 3545A were excluded 
if they were also analyzed by Method SW846 3540C. 

 

Samples collected from the following study areas were also not included in the risk assessment: 

 

• Sediment samples from the Storm Drain System (the majority of the drain systems have 
been removed). 

• Soil samples from the ISFSI Area.  This was sampled prior to construction of the ISFSI, 
and contaminated soils were excavated and removed and new fill material was brought in 
upon which the ISFSI was constructed.  The ISFSI is fenced and guarded, preventing any 
unrestricted human exposure to this area. 

• An area containing buried railroad ties (from a historical rail spur along Sherman 
Reservoir).  When the sample cluster of SB-105 samples was collected, the elevated 
SVOC detections were found to be associated with pieces of railroad ties in the samples 
(e.g., combined with soils when the samples were collected).  Thus, the majority of the 
SB-105 samples were not representative of soil conditions, but rather the SVOCs in the 
railroad ties.  This issue is documented in the ERM closure memo prepared for that 
location.13  Samples SB105-J, SB-105-T and SB-105-U were usable for risk 
characterization as they were considered representative of soil.  

 

 Appendix A lists all the OHM chemical samples and analytes that were detected and used in the 

risk assessment.  All data marked as "R" (rejected) were deemed to be unusable in risk assessments.  Data 

qualifiers including "U" (undetected), "J" (estimated), "L" (biased low), and "K" (biased high) were 

deemed usable as are detected data with no qualifiers.   

 

 Field duplicates were collected as one component of the overall QA/QC program.  Field 

duplicates do not represent "independent" samples and would amount to "double-counting" a given 

sample if both the parent and duplicate were used.  Gradient compared the summary statistics of the data 

with the parent sample only and the data using the average of the parent and field duplicate.  This analysis 

revealed that the averages of the two datasets were similar (Appendix Table E.1).  For consistency and 

                                                      
13 ERM memorandum to Ken Dow (YAEC) and David Merrill (Gradient), "Railroad bed test pit and sampling – summary of 
activities and recommendations," August 21, 2006. 
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expediency, only the parent sample ("Field Sample") was used and the "Field Duplicate" samples were 

not used in the risk characterization.   

 

 In addition, Gradient was provided the Historical Site Assessment and Final Status Survey 

radiological data.  The FSS data were used for the Method 3 Risk Characterization; the HSA data from 

background sample areas were used, as were FSS background sample data. 

 

 Radionuclide data used in this Method 3 Characterization are presented in data tables in 

Appendix B.  

 

 A summary of the number of soil samples in the site database for OHM and radionuclides broken 

into study areas is provided in Table 2-4.  Over 1,000 soil samples were collected for radionuclides on the 

YAEC property, and over 500 on the TransCanada property.  For OHM, over 1,000 soil samples were 

analyzed for PCBs on the YAEC property, and nearly 200 samples for PCBs collected on the 

TransCanada property.  In addition, hundreds of samples were collected for inorganics, VOCs, SVOCs, 

and petroleum hydrocarbons.  This data set represents a very robust characterization of the environmental 

conditions at the site at the completion of environmental remediation/restoration.  The sample results for 

soil (and sediment and groundwater) are discussed later in this report. 

 

2.6 Remedial Actions and Site Restoration 

 An Immediate Response Action (IRA), conducted to remediate the impact of the release of paint 

chips containing PCBs from the vapor container (VC), was completed by February 2001.  This IRA 

consisted of the removal of sediment from storm drains, the installation of sediment socks in the storm 

drains, and painting of the VC to control the source of PCB release.  Sediment remediation activities to 

address this PCB release into the Sherman Reservoir and the West Storm Ditch were completed in 

November 2004, and wetland restoration continued through 2005.   

 

 The Phase IV Final Inspection Report (ERM, 2007c), summarizes the extensive remedial actions 

that were completed at the site.  In all, approximately 25,000 cubic yards of soils were remediated.  Soils 

that were impacted by radionuclides, petroleum, lead and PCBs were removed from the site as "mixed 

wastes."  Some soils just impacted by PCBs were thermally treated to remove PCBs, and the remediated 

soils were used on site as fill during re-grading and restoration of the site. 
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2.7 Classification of Site Soils and Site Groundwater 

 Soil and groundwater at the site were categorized in accordance with 310 CMR 40.0930 as 

required for a Method 3 Risk Characterization.  MADEP defines three classifications of soil (S-1, S-2, 

S-3) and groundwater (GW-1, GW-2, GW-3) based on the nature of potential exposure.  Soil 

classifications are based on accessibility of site soil, and the frequency and intensity of potential exposure.  

Soil classification S-1 is based on the assumption of highest potential for exposure, while classification S-

3 assumes the lowest potential for exposure.  Groundwater classifications are also based on the type of 

potential exposure.  Classification GW-1 represents groundwater that is a potable water source.  

Classification GW-2 addresses potential risks associated with volatilization of compounds from shallow 

groundwater and infiltration into buildings.  Classification GW-3 sets the standard in groundwater such 

that if discharged to surface water, the groundwater would meet surface water standards.   

 

 The MADEP has indicated it considers the groundwater at the site to be GW-1 due to the lack of 

public water supplies in the area of the site.  In addition, all groundwater beneath the site is characterized 

as GW-3 because all groundwater in Massachusetts is considered as a source of discharge to surface 

water.  No dwellings exist at the site, such that GW-2 standards do not apply.14 

 

 Classification of soils for human exposure potential is defined in the MCP under 301 CMR 

40.0933.  Soil category S-1 applies to soils where potential exposure to soils is frequent, such as under a 

residential use scenario.  As noted above, land use restrictions control possible contact with soils for this 

former industrial portion of the site.  For recreational activities or hypothetical commercial use, the 

intensity and frequency of potential soil contact is expected to be lower as compared to a residential 

exposure scenario.  Areas outside the BUD where little or no fill was added are defined under the MCP as 

areas of "accessible surface soil."  For low frequency contact in these areas the soils are classified as S-2.  

Within the BUD areas covered with 3-feet of soil cover, the soils are considered "potentially accessible."  

For low frequency contact potential, these soils are classified as S-3.  

 

                                                      
14 The only building on site is the guard house.  Even if groundwater is within 15 feet below grade, no volatile organic 
compounds were detected in the drinking water well (DW-001), so even if the groundwater were considered GW-2, it would 
comply with the GW-2 standards. 



 YNPS Method 3 Risk Characterization – Final DRAFT 
 

  

202073/YNPS_HHRA_FinalDraft.doc  33 Gradient CORPORATION
 

3 Hazard Identification 

 The Hazard Identification component of the Risk Characterization identifies constituents of 

potential concern, associated chemical toxicity profiles, and applicable or suitably analogous standards to 

be used in the risk characterization. 

 

3.1 Constituents of Potential Concern 

 Based on the operations and materials used at the plant, samples from environmental media were 

analyzed for the following Constituents of Potential Concern (COPCs) (Gradient, 2005a, b): 

 
• VOCs; 
• SVOCs; 
• Petroleum hydrocarbons;15 
• Priority pollutant 13 metals, plus boron and lithium; 
• Hexavalent and trivalent chromium; 
• Total cyanide and cyanide amenable to chlorination;16  
• Chlorinated herbicides; 
• PCBs; 
• Dioxins and furans;  
• Hydrazine; and  
• Radiological constituents. 

 

Specific analytical methods used for each of the above chemical analyses are defined in the QAPP 

(Gradient, 2005a, b).  Methods for radiological parameter analyses are described in the LTP (YAEC, 

2003a). 

 

 All constituents detected in soil, sediment, surface water, or groundwater were retained as COPCs 

if their frequency of detection was greater than 5% (evaluated in each Study area) and they exceed 

background concentrations.   

 

                                                      
15 Depending on the levels of total petroleum hydrocarbons found, additional extractable petroleum hydrocarbon/volatile 
petroleum hydrocarbon (EPH/VPH) analyses may have been performed (MADEP, 2002a).   
16  MADEP subsequently requested physiologically available cyanide methods in the event that cyanide was detected; however, 
none was detected. 
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3.1.1 Background Constituent Concentrations 

 Chemicals and radionuclides were selected as COPCs only if they exceeded their respective 

concentrations in background samples.  The MCP 310 CMR 40.0006 (MADEP, 2006a) defines 

background as "levels of oil and hazardous material that would exist in the absence of the disposal site of 

concern which are either: 

 

a) Ubiquitous and consistently present in the environment at and in the vicinity of the disposal 
site of concern, and attributable to geologic or ecological conditions, or atmospheric 
deposition of industrial process or engine emission; 

b) Attributable to coal ash or wood ash associated with fill material; 
c) Releases to groundwater from a public water supply system; or 
d) Petroleum residues that are incidental to the normal operation of motor vehicles. " 

 

 Background samples were collected in both on- and off-site areas that are believed not to be 

impacted by historical use of the site (Figures 2-11, 2-12, 2-19).  Site-specific summary statistics of the 

detected chemical background concentrations observed in soil (0 – 3 feet), sediment, and surface water 

are presented in Table 3-1 through Table 3-3, respectively.  Detected concentrations were compared 

against MADEP soil, sediment, and water quality criteria, respectively.  Although no monitoring wells 

were specifically installed as background wells, the on-site drinking water well (DW-001) can serve as a 

surrogate for background.  The only chemical constituents detected in DW-001 were boron, copper, and 

C9-C10 aromatic hydrocarbons (0.03 mg/L, 0.002 mg/L, and 14.3 μg/L, respectively).   

 

 Tables 3-1 through 3-3 list statistics only for those chemicals ever detected in each particular 

medium.  Summary statistics for all chemicals analyzed for, and sample-specific chemical background 

data for all media, are presented in Appendix A (Tables A.1.2, A.2.2, A.3.2. and A.4.2). 

 

 Given their ubiquitous presence in the environment, MADEP (2002d) has developed statewide 

background levels for metals and PAHs in both "natural" soil and soil containing fill material.  In 

comparing MADEP background concentrations to the site-specific background soil concentrations, the 

site-specific concentrations are comparable to, although as a whole somewhat lower than, those reported 

by MADEP (2002d) (Tables 3-1 and 3-2).   

 

 Background levels of radionuclides were also evaluated in the risk assessment.  Sources of 

background radionuclide data include: 



 YNPS Method 3 Risk Characterization – Final DRAFT 
 

  

202073/YNPS_HHRA_FinalDraft.doc  35 Gradient CORPORATION
 

 

• Data collected by YAEC in the vicinity of Pelham Lake (Figure 2-12) for its Radiological 
Environmental Monitoring Program (REMP); 

• Soil samples collected for the Historical Site Assessment (HSA) characterization data 
collected to support the LTP (Figure 2-11); 

• Soil samples collected during the FSS (study area REF-01, Figure 2-8); and 

• Sediment samples collected during the Phase II sampling event (Figure 2-19). 

 

Site-specific summary statistics of the detected radionuclide background concentrations observed in soil 

and sediment are presented in Tables 3-4 and 3-5, respectively.  Strontium (Sr-90) and cesium (Cs-137) 

are the two site-related radionuclides that are also present in background soil and sediment samples.  A 

further discussion of these two radionuclides and their background concentrations comes later in this 

report.   

 

 Radionuclides were not detected in background surface water samples.  The on-site drinking 

water well (DW-001), which can be considered a background well, did not contain detectable 

radionuclides.  Sample-specific radionuclide background data for all media are presented in Appendix B 

(Tables B.1.2, B.2.2, B.3.2. and B.4.2).  Summary statistics for radionuclide background samples for soil 

and sediment are provided in Table 3-4 and Table 3-5, respectively. 

 

 Prior to the PCB remediation of sediments in the East Storm Drain area of Sherman Reservoir, 

fish in Sherman Reservoir were sampled in 2002 for PCBs in filet tissues (Table 3-6).  At MADEP's 

request, additional fish samples were collected in 2006 as part of the Phase II sampling event from 

Harriman and Sherman Reservoir, as well as the Deerfield River.  When evaluating whether site-related 

constituents have affected local fish, we focused on fish sampling performed in 2006 because they 

represent the most current post-remediation site conditions. 

 

 Fillet and whole body fish samples were analyzed for inorganic elements and PCBs (Table 3-6).  

PCBs in fish were analyzed using both congener and Aroclor methods, (US EPA Methods 1668A and 

8082, respectively).  Aroclor-1254 was detected in one of two Sherman fish samples.  However, the total 

PCB concentration (congener method) in Harriman fish exceeded the respective values for fish samples 

collected from Sherman Reservoir and Deerfield River.  These data indicate that the low (e.g., part per 

billion) PCB concentrations in Sherman fish are consistent with background levels found in the 

environment. 
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 Inorganic constituents (metals) detected in Sherman Reservoir and Deerfield fish were below 

their respective concentrations in Harriman fish samples for all analytes except antimony, arsenic, and 

selenium.  Arsenic was detected in a Sherman brown trout fillet sample as an estimated value (e.g., 

qualified) of 0.31 mg/kg; however, it was not detected in the duplicate sample, nor detected in any other 

fish from the Sherman, Deerfield, or Harriman sampling locations.  On this basis, the arsenic detected in 

the one Sherman fish sample is not considered to be site-related.  Antimony was detected in a single 

brown trout fillet sample from the Deerfield, but was not detected in the sample of the brown trout offal 

(tissues including viscera, bones, skin, etc. other than the fillet), nor was it detected in any other fish 

samples.  Selenium was detected in a Sherman Yellow Perch fillet sample, but not detected in composite 

samples or in any other fish samples.  For these reasons, inorganics are not identified as COPCs in fish. 

 

 The Phase II radionuclides results for fish are summarized in Table 3-7.  Tritium (H-3) and 

technetium (Tc-99) were detected in the Summer, 2006 composite fillet fish samples.  The Tc-99 results 

for Sherman and Deerfield fish samples were less than the concentration in the Harriman fish sample.  Tc-

99 was not detected in fish collected in the Fall 2006 sample round.  Although tritium was detected in the 

Summer 2006 Sherman composite fillet sample, the detected concentration (0.5 pCi/g) was comparable to 

that found in its corresponding Harriman fish sample (0.2 pCi/g).  Tritium was not detected in any of the 

Fall 2006 fish samples.  For these reasons, neither Tc-99 nor H-3 is considered to be elevated above 

background.  Sr-90 was detected in a whole-body yellow perch fish sample in the Fall 2006 Sherman 

sample event, but was not detected in any of the Summer 2006 samples, nor any other samples from the 

Fall 2006 fish collection.  The lack of any other detected radionuclide in the Fall 2006 Sherman fish 

samples, coupled with the lack of Sr-90 in any other fish from either the summer or fall 2006 samples, 

suggests lab contamination as a plausible reason for the reported detection of Sr-90 in the Fall, 2006 

yellow perch sample.  A reanalysis of the Sherman yellow perch sample did not detect any Sr-90, 

confirming that the prior analysis result was a lab contaminant. 

 

 Given that the chemical and radionuclide data for fish were comparable to background 

concentrations, exposure to fish is not evaluated further in the human health risk characterization. 
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3.1.2 Oil and Hazardous Material COPCs 

 As specified in the MCP, OHM constituents detected in soil, sediment, surface water, and fish 

were retained as COPCs if both of the following conditions were met: 

 

1. Constituents were detected in greater than 5% of environmental samples, evaluated for 
each identified Study Area; and  

2. Constituent concentrations exceeded background or local conditions. 

 

 As discussed above, site-specific information was used to characterize local background 

conditions in order to identify COPCs for soils, surface water, and sediment.  Median and maximum 

detected concentrations of constituents in specific media were compared to the site background levels 

following MADEP protocols.  Detected concentrations were also compared to detected background 

concentrations using statistical models (i.e., box and whisker plots presented in Appendix J), to determine 

if observed site concentrations were comparable to background conditions.   

 

 For groundwater, no specific background wells were installed, and COPCs in groundwater were 

therefore not screened against background conditions.  In addition, MADEP recommends evaluating risks 

for the groundwater pathway using data from individual monitoring wells separately (MADEP, 1995a), as 

opposed to averaging across a study area (as is done for other media).  Groundwater sample results were 

not averaged, or pooled across multiple wells to determine chemical detection frequency across the site; 

results for each well (including nested wells) were evaluated independently.  Thus, chemicals detected in 

groundwater were retained as COPCs, and not screened out based on detection frequency.  Samples from 

quarterly monitoring from 2002 – 2006 were reviewed for potential trends.  As discussed in further detail 

in Section 5.2.4 and Appendix Table E.2.1, the concentrations of constituents detected in earlier sample 

rounds demonstrate a decline with time.  Therefore, the analytical results from the 2006 and Q1 2007 

sample rounds were used to assess groundwater exposures in this risk assessment.   

 

 For all other media, constituents present at levels consistent with background levels were not 

retained as COPCs for the risk assessment.  A summary of the OHM detection frequency and comparison 

to background concentrations to identify COPCs in each study area and media are presented in the 

following: 
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• Soils: TransCanada Shoreline, TransCanada Property, and YAEC outside the 
BUD/TSCA Areas (Tables 3-8 to 3-13). 

• Sediment: Sherman Reservoir, Deerfield River adjacent to the site, Wheeler Brook, and 
WSD (Tables 3-14 to 3-19). 

• Surface Water: Sherman Reservoir, Deerfield River adjacent to the site, Wheeler Brook, 
and WSD (Tables 3-20 to 3-24). 

• Groundwater:  TransCanada Property, YAEC outside the BUD/TSCA areas, and YAEC 
Within BUD/TSCA areas (Tables 3-25 to 3-27) 

 

 Screening against background concentrations and detection frequencies in accordance to MCP 

guidelines identified the following OHM parameter groups as COPCs (see Table 3-28 for detailed 

chemical listing): 

 
COPCs – OHM Constituents 

Soils Inorganics, Dioxin/Furans, EPH, VPH, PCBs, SVOCs, VOCs 

Sediment Inorganics, VPH, PCBs, SVOCs, VOCs 

Surface Water Inorganics, SVOCs, VOCs 

Groundwater Inorganics,  VPH, VOCs 
Note:  PCBs – Polychlorinated Biphenyls, SVOCs – Semivolatile Organic Compounds, VOCs – Volatile Organic 
Compounds, EPH - Extractable Petroleum Hydrocarbons, and VPH - Volatile Petroleum Hydrocarbons. 

 

 

 Arsenic is a naturally occurring inorganic compound in soil.  As summarized in Table 3-8 and 

3-9, the maximum and median arsenic results for soil samples from the TransCanada property are 

comparable to their respective background values following the MADEP methods outlined above.  Thus, 

arsenic is not a COPC in soil on TransCanada property.  For soil samples from the YAEC property, there 

are several outlier arsenic results such that the maximum concentration exceeds the local background 

maximum (5.6 mg/kg) by more then 50% (one of the MADEP benchmarks for determining whether site-

related constituents exceed background concentrations).  On this basis, arsenic on the YAEC property 

might be considered elevated above background.  Additional statistical comparisons summarized below 

reveal that arsenic is not elevated above background (see also Box-Whisker plots in Appendix J). 
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Comparison of Arsenic in Soils With Background Concentrations 
(Concentrations in mg/kg) 

Statistic YAEC  
(All Samples) 

YAEC  
(Non BUD/TSCA areas) 

Background 

Number of Samples 237 66 28 
Median 2.3 1.7 1.85 

Geometric Mean 2.17 1.95 2.0 
GSD 2.01 2.05 1.85 

95% UCLM 3.01 3.02 3.07 
95th Percentile 7.3 7.05 5.0 

Maximum 27 
(99.6-percentile) 

12 
(98.5-percentile) 

5.61 
(96.6-percentile) 

DEP Background 20 mg/kg 
Notes: 
 YAEC soil samples include samples from 0 – 15 feet below ground surface. 
 Geometric Mean and GSD (Geometric standard deviation):  Mean and standard deviation of the logarithm of the 

concentrations, respectively, converted back from log to "real" space. 
 95% UCLM:  95-percent upper confidence limit on the arithmetic mean (calculated using the "H-statistic" and 

lognormal distribution fit.) 

 

 

 As is evident from an inspection of the statistical summaries above, the median value for the Non-

BUD/TSCA areas is less than the local background median.  The maximum arsenic concentration (12 

mg/kg) in Non-BUD/TSCA soil samples exceeds the local background (5.61 mg/kg) by more than 50%.  

However, this result is not in itself unexpected given that the non-BUD/TSCA sample set contains 66 

samples, whereas the background sample set is substantially smaller, with 28 samples.  The maximum 

value from the Non-BUD/TSCA samples represents the 98.5-percentile of the distribution of 66 values.  

This percentile is further out on the upper "tail" of the distribution compared to the maximum from the 

background dataset, which represents the 96.6-percentile of the 28 background samples.  When compared 

on the basis of their respective 95th percentiles of each distribution, the Non-BUD/TSCA result (7.05 

mg/kg) does not exceed the respective background result (5.0 mg/kg) by more than 50%.  In addition, 

62/66 (94%) of the soil samples from non-BUD/TSCA areas are less than the maximum concentration 

from site-specific background (5.61 mg/kg).  Moreover, all of the Non-BUD/TSCA soil samples fall 

below the MADEP background concentration for arsenic (20 mg/kg).  In fact, only a single soil sample 

(27 mg/kg, SB058) from within the former plant area exceeds the MADEP background concentration.  In 

other words, 99.5% of the 237 soil samples from the YAEC property are less than the MADEP 

background value of 20 mg/kg.  On the basis of the foregoing statistical comparisons, arsenic is not a 

COPC in soil at the site. 
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3.1.3 Radionuclide COPCs 

 In addition to environmental sampling for chemical constituents, YAEC conducted regular 

radiological monitoring for personnel protection, waste classification, and disposal.  Only radionuclides 

expected to be present in any area of the site due to plant operations (i.e., are plant-related rather than 

naturally occurring) were evaluated.  YAEC developed a list of radionuclides that are site-related COPCs 

as the foundation of its license termination with the NRC.  The criteria used to determine that a 

radionuclide was a site-related COPC included (YAEC, 2003b):  

 
• Whether the radionuclide is a fission product (including activation products); 

• The radionuclide half-life; 

• The estimated abundance in the plant waste streams; and  

• The relative dose potential. 

 
 For instance, a radionuclide with a long half-life was not included as a COPC if it was never 

identified in any of the plant’s waste streams during operations or in the comprehensive REMP 

monitoring.  Based on discussions with MADEP, uranium (metal) was included as a COPC (OHM), 

although it is not a radionuclide required to be evaluated in the LTP and FSS.   

 

 The radionuclide COPCs used for risk assessment, listed below, are those in the FSS and agreed 

upon with the MADEP as indicated in the MADEP letter dated October 7, 2005 (BWSC-RTN #1-13411).   

 
COPCs – Radionuclides 

Gamma Emitting 
Ag-108m, Am-241, Co-60, Cs-134, Cs-137,  

Eu-152, Eu-154, Eu-155, Mn-54, Nb-94, Sb-125 

Hard to Detect (HTD) 
C-14, Cm-243, Cm-244, Fe-55, H-3, Ni-63,  

Pu-238, Pu-239, Pu-240, Pu-241, Sr-90, Tc-99 
 

 Similar to the OHM COPC selection, radionuclide COPCs were included in the risk 

characterization when: 
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1. The radionuclide was detected in greater than 5% of environmental samples for each 
identified Study Area; and  

2. The radionuclide concentration in the Study Area exceeded background or local 
conditions. 

 

 For soil and sediments, site-specific information was used to characterize local conditions and 

identify radionuclide COPCs.  In particular, Cs-137 and Sr-90, which are both plant-related radionuclides, 

also are found in the environment as a consequence of historical weapons testing fallout.  Thus, while not 

naturally occurring, these two radionuclides have an appreciable anthropogenic background component.  

Median and maximum detected concentrations of Cs-137 and Sr-90 were compared to the site-specific 

background levels following MADEP protocols.  Detected concentrations were also compared to detected 

background concentrations using statistical models (i.e., box and whisker plots and t-test comparison of 

sample means, as presented in Appendix J), to determine if observed site concentrations are comparable 

to background conditions.   

 

 The detection frequency, and mean and maximum concentrations of radionuclides in soil and 

sediment by study area are presented in Tables 3-29 to 3-33 for soils (TransCanada Shoreline, 

TransCanada Property, YAEC Non-BUD/TSCA area, and YAEC BUD/TSCA area, respectively), and 

Table 3-34 through Table 3-36 for sediment (Nearshore Sherman Reservoir, Sherman Reservoir, and the 

Deerfield River adjacent to the site, respectively). 

 

 No radionuclide constituents were detected in the surface water samples from Sherman Reservoir 

or Deerfield River (Table 3-37); therefore, no radionuclide COPCs were included for this exposure 

pathway.  Similarly, as discussed earlier, radionuclides were not identified as COPCs in fish based on 

comparison to the background fish samples. 

 

 As discussed earlier, YAEC has conducted an extensive groundwater monitoring program for 

radionuclides.  Groundwater monitoring reports, summarizing the sampling program and results, have 

been submitted to the NRC and the MADEP.  Based on the radiological sampling program, tritium has 

been identified as the site-related radionuclide that has impacted groundwater.  Table 3-38 summarizes 

the radionuclide results for the most recent March, 2007 sampling event.  As this summary indicates, 

tritium was the only radionuclide COPC detected in groundwater.  Table 3-39 presents tritium 

groundwater results from 2003 to present for all site wells.  Tritium exceeds its drinking water MCL in 

MW-107C, which is a well within the C&A Fill BUD Area.  The enforceable restrictions in the C&A Fill 
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BUD area prevent the installation of any future wells in this area.17  Given that tritium exceeds its 

drinking water standard (e.g., MCL) and the groundwater is defined as GW-1, an evaluation of the 

hypothetical consumption of drinking water from within the BUD area is presented in a later section. 

 

 The radionuclide COPCs identified at the YNPS by environmental medium and study area are 

summarized in Table 3-40. 

 

3.2 Applicable or Suitably Analogous Standards  

 Section 310 CMR 40.0993(2) of the MCP requires that Applicable or Suitably Analogous 

Standards be identified in a Method 3 Risk Characterization.  In Massachusetts, standards are available 

for drinking water, surface water, and air quality.  As required by the MCP, Massachusetts Drinking 

Water Quality Standards are applicable to site groundwater if site groundwater is classified as GW-1.  

National Ambient Water Quality Standards are applicable to surface water in Sherman Reservoir, the 

Deerfield River adjacent to the site, and Wheeler Brook.  A comparison of detected concentrations of 

COPCs to applicable or suitably analogous standards is presented in Section 6.5. 

                                                      
17 Even though use restrictions cannot be used to preclude groundwater use or exposure under the MCP, the location of potential 
groundwater extraction (and thus human exposure) on the YAEC property would necessarily be from a well location outside the 
footprint of the C&A Fill BUD area.   
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4 Dose-Response Assessment 

 The risk characterization evaluated both potential non-cancer and cancer risks associated with the 

COPCs.  The US EPA and MADEP have established chemical toxicity factors used in this assessment.  

For OHM constituents, the toxicity factors used for the risk characterization include: 

 

• Oral cancer slope factors (CSF) 

• Inhalation cancer unit risk factors (UR) 

• Chronic oral reference doses (RfD) 

• Chronic inhalation reference concentrations (RfC) 

 

US EPA’s Integrated Risk Information System (IRIS) database, Health Effects Assessment Summary 

Tables (US EPA, 1997), and MADEP-recommended toxicity criteria (MADEP, 1994; 1995a; 2002a, 

2004c) were used as sources for the toxicity data used in the risk characterization.  Secondary sources 

included Provisional Guidance for Quantitative Risk Assessment for Polycyclic Aromatic Hydrocarbons 

(US EPA, 1994) and US EPA Region 9 Preliminary Remediation Goals.  In cases where RfCs were not 

available, the Massachusetts Allowable Threshold Concentrations (ATC) were used (MADEP, 1995b).   

 

 Because there are no US EPA-derived toxicity criteria for dermal exposures, oral toxicity factors 

were used and appropriately modified using relative absorption factors (RAFs) to be applicable to dermal 

exposures as described in US EPA's dermal guidance (US EPA, 2001a).   

 

 During discussions with MADEP on the work plans for the risk characterization, the MADEP 

requested that the assessment include an evaluation of short-term, subchronic exposures (i.e., less than 7 

years, or seasonal exposures).  In some instances, exposure averaged over shorter than "chronic" time-

periods, even when combined with subchronic toxicity values that are generally greater than chronic 

toxicity factors, can lead to larger estimates of non-cancer health hazards.  In order to evaluate this 

possibility, we conducted a subchronic health hazard assessment as part of the risk characterization. 

 

 Appendix C contains toxicity profiles from the MADEP Residential Shortform (MADEP, 1992) 

for the OHM COPCs at the site.  A summary of the toxicity factors for COPCs is presented in Table 4-1.   
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 Potential non-cancer health risks associated with exposure to lead are assessed using the 

Integrated Exposure Uptake Biokinetic (IEUBK) blood lead model.  The lead risk assessment is presented 

in Section 6.1.4. 

 

 For radiological constituents, toxicity factors published in US EPA's Health Affects Summary 

Tables (HEAST), and updates18 were used.  These toxicity factors include: 

 

• Radiological oral cancer slope factors (rCSFo)  

• External exposure cancer slope factor (rCSFe) 

 

The toxicity factors for radionuclide COPCs used in this Method 3 Risk Characterization are presented in 

Table 4-2. 

                                                      
18 The most current toxicity factors are published at:  http://www.epa.gov/radiation/heast/index.html. 
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5 Exposure Assessment 

 The exposure assessment identifies human receptors that could potentially be exposed to 

impacted site-related media (e.g., soil, sediment, groundwater, and surface water) and describes the 

exposure pathways and routes evaluated in the risk characterization.  This section also describes the 

calculation of exposure point concentrations (EPCs) for COPCs in soil, fugitive dust, groundwater, 

sediment and surface water, and the exposure factors and equations used to quantify exposures. 

 
5.1 Identification of Potential Receptors and Exposure Pathways 

 Although the ultimate disposition (site ownership and future uses) of the entire 1,800-acre site has 

not been finalized, the area formerly occupied by the YNPS has been restored and planted with 

vegetation, and the remainder of the site is undeveloped native woodlands.  During the remediation of the 

portion of the site that encompassed the former industrial area, a MADEP approval was obtained under 

the BUD guidelines to re-use concrete and asphalt material as fill (as long as they met MADEP-approved 

"clean" thresholds).  This C&A Area within the BUD Area received 3 feet of graded soil cover, and areas 

within the BUD beyond the C&A Area generally received some amount of cover material, which varied 

in depth depending on local topography from 1 to 3 or more feet in thickness.  In addition, the TSCA 

deed-restricted area prevents residential development in areas where residual PCBs exist above 1.0 mg/kg 

and less than 10 mg/kg on the site.  As discussed earlier, land use restrictions prevent residential 

development within the Restricted Use Areas (RUA) of the YAEC and TransCanada properties (see 

Figure 2-1), as discussed further below. 
 

 There are several enforceable use conditions/restrictions that are in the process of being placed on 

portions of the YAEC property.  These conditions/restrictions include the following (see Figure 2-1): 

 

• The notice on the deed applicable to the BUD areas precludes any future use other than a 
closed BUD area without prior written approval of the MADEP.   

• The notice on the deed applicable to the C&A Fill BUD area precludes any future use 
other than a closed BUD fill area without prior written approval of the MADEP.  
Additional restrictions in the C&A Fill area prohibit (i) disturbing the soil cover, 
(ii) excavation in the BUD area, and (iii) invasive procedures including installation of 
soil borings or wells, without prior MADEP approval. 

• A notice of landfill operations for the Southeast Construction Fill Area (SCFA), a former 
construction debris disposal area, will be filed.  The notice on the deed prohibits any 
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future use of the surveyed SCFA area other than its present use, without prior MADEP 
approval. 

• A Declaration of Land Use Restrictive Covenant under the Toxic Substances Control Act 
(TSCA), was filed to cover those areas of the site where PCBs remain in soils above 
1.0 mg/kg, the TSCA threshold for "unrestricted" use.  This deed restriction will preclude 
any residential development in those designated areas of the site (surveyed and recorded 
on the deed).  The TSCA deed restricted areas overlap the BUD and SCFA areas (see 
Figure 2-1). 

• YAEC intends to file a deed restriction preventing future residential development on the 
YAEC property in the vicinity of the former power plant (see Figure 2-1). 

 

These areas are collectively the "Restricted Use Areas."  For brevity, study areas on the YAEC property 

that fall within the BUD, TSCA, and SCFA areas, are referred to here as the "BUD/TSCA" areas.  Areas 

within the YAEC RUA outside of these areas are referred to as the "non-BUD/TSCA" areas or "outside 

BUD/TSCA" areas.  Where appropriate, specific study areas, such as the SCFA/TSCA areas are 

referenced. 

 

 Until the government provides an approved off-site storage repository for the spent nuclear fuel, 

the spent fuel has been stored in concrete containers at the Independent Spent Fuel Storage Installation 

(ISFSI) constructed at the site.  The NRC license will remain in effect for the ISFSI area.  A 300-meter 

buffer, the "Owner Controlled Area," will remain under YAEC's control until an off-site facility is 

available and the material is shipped off-site.19  The ISFSI is fenced and guarded 7 days a week, 24 hours 

a day, such that the unrestricted human access/exposure will not be allowed in the Owner Controlled 

Area, which extends to the shoreline of Sherman Reservoir.   

 

 A deed restriction also is in place on the TransCanada property (because of the existence of the 

Sherman Dam and hydroelectric station) that similarly restricts residential development of that property 

(see Figure 2-1).  

 

 The risk assessment evaluated potential exposure scenarios that are consistent with the foregoing 

site conditions and land use restrictions.  The baseline conditions evaluated in this risk assessment 

included the following plausible exposure scenarios: 

 

                                                      
19 It is not known how long into the future it might be until the spent fuel can be removed; for planning purposes, YAEC has 
assumed it will be 16 years (and could be substantially more). 
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• Current Use Recreator ("walk through") 

• Future Use Recreator (e.g., frequent use) 

• Hypothetical Future Commercial/Industrial Use 

 

 Table 5-1 presents the exposure pathways and receptors.  The conceptual site model (Figure 5-1) 

illustrates the potential source areas, mechanisms of transport, exposure pathways, and receptors for the 

site.  The following sub-section presents the rationale for whether an environmental medium was included 

or excluded in this risk characterization, and the receptors potentially exposed to COPCs in environmental 

media.   

 

5.1.1 Current and Future Recreational Use 

 For this baseline risk characterization, the most plausible current and future exposure scenarios at 

the site involve possible recreational activities.  Although recreational activities could presumably occur 

anywhere on the 1,800-acre YAEC property, the exposure and risk scenarios assumed that recreation 

would be focused in the vicinity of Sherman Reservoir adjacent to the former site, what has been termed 

the "Sherman Shoreline" study area (see Figure 2-2).  However, it should be emphasized that this area has 

several features that may inhibit or reduce the likelihood of frequent recreational use: 

 

• The shoreline is steep and rocky in this area, making access to the water difficult. 

• The bank drops off rapidly beneath the water surface, with water depths typically 5 to 8 
feet deep in the East Storm Drain discharge area, making wading difficult or impossible. 

• The terrain in the shoreline study area is ill-suited for launching canoes, kayaks, or other 
small boats. 

• The Sherman Dam hydroelectric intake structure and dam spillway make this area of the 
reservoir dangerous for boating or swimming, which are prohibited near the dam. 

 

 As noted above, until the ISFSI is removed, any access to the Owner Controlled Area of the site, 

which includes the majority of the shoreline study area, will be controlled by YAEC.  Consequently, 

recreators would in fact be restricted from using this area, for recreational or any other purpose.  Once the 

ISFSI is removed, foreseeable future recreational use in the vicinity of the site would no longer be 

controlled by YAEC (though possible recreation in this area would remain constrained by the physical 

conditions noted above). 
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 Based on the foregoing considerations, two recreational scenarios have been evaluated in this risk 

characterization:20 

 

Current Use Recreator Future Use Recreator 

• "Pass Through" recreation – 1 hour/day, 
1 day per week, 7 months of the year 

• Fishing, wading, soil/sediment contact 

• "Frequent Use" recreation – 4 hours/day, 
3 days per week, 7 months of the year. 

• Fishing, wading, soil/sediment contact 

• Groundwater consumption (future well) 

 

Table 5-1 summarizes the exposure pathways for both scenarios.  As noted above, the current use 

recreator does not include possible groundwater consumption at the site, whereas under possible future 

scenarios, it is conceivable that a drinking water well could be installed to provide water for restrooms or 

drinking fountains under a hypothetical future scenario (although any such well could not be installed in 

the area subject to the restrictions in the BUD).  Although sediment and surface water exposure in this 

vicinity is likely to be de minimis due to the physical conditions of this area noted above, hypothetical 

risks from incidental ingestion and dermal exposure to sediment and surface water were evaluated to be 

conservative.  Further details on the exposure pathways and exposure factors are discussed later in this 

section. 

 

 The exposure pathways evaluated for OHM and radionuclides were similar with a few 

exceptions.  Exposure to external radiation due to radionuclides in soil, which is unrelated to ingestion or 

direct contact, was limited to the radionuclides.  US EPA guidance does not provide a method to evaluate 

dermal contact with radionuclides in soil/sediment.  Radionuclide risks were not assessed for inhalation of 

fugitive dust, as this pathway is likely to be de minimis.  Finally, radionuclides were not detected in 

surface water, eliminating the need to assess that exposure pathway for radionuclide exposures. 

 

5.1.2 Hypothetical Future Commercial Use 

 Although there are currently no known plans for future commercial/industrial use of the site at 

this time, this exposure scenario was evaluated in the absence of restrictions that might preclude such 

future use.  Potential routes of exposure for the hypothetical commercial use include those evaluated for 

                                                      
20 At the request of MADEP, we have assumed that recreators would spend their entire recreational activities in the shoreline 
area, adopting high-end default exposure frequency assumptions requested by MADEP.  As noted, the physical characteristics of 
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recreational activities.  The commercial use exposure pathways are summarized in Table 5-1.  The areas 

evaluated for hypothetical future commercial exposure include (see also Figure 2-2): 

 

• TransCanada Property (areas not in the shoreline area where the dam would preclude 
development) 

• YAEC Property within BUD/TSCA area 

• YAEC Property outside BUD/TSCA area 

 

5.1.3 Other Potential Receptors 

 Other potential receptors such as construction/utility workers, Sherman Dam maintenance 

workers, and recreational park maintenance workers (i.e. landscapers) were considered.  The potential 

risks to these receptors were not assessed quantitatively because of the reduced potential exposure of 

these receptor groups compared to that of the future hypothetical commercial scenarios that were 

evaluated.  That is, the potential exposure (and risks) for the hypothetical commercial use (e.g., potential 

use/exposure for 250 days per year) are greater than any of these other potentially exposed groups. 

 

5.1.4 Sensitivity Analysis 

 The baseline risk characterization quantitatively evaluated the current and future recreational 

scenarios, and hypothetical future commercial scenarios, for the TransCanada and YAEC properties 

separately.  For the baseline scenarios, the exposure units were assigned to coincide with the study areas 

for which a substantial amount of data exist.  Current and future recreational use exposure units were 

assumed for the baseline analysis to occur in the "Sherman Shoreline" area (Figure 2-2).  For hypothetical 

commercial exposure on the TransCanada property, the exposure unit is the area shown on Figure 2-2, 

excluding the "Sherman Shoreline" study area.  Hypothetical commercial exposure was evaluated 

separately on the YAEC property for the BUD/TSCA and the Outside BUD/TSCA study areas 

(Figure 2-2).   

 

 As a sensitivity analyses, we also examined exposure and risks for additional recreational 

scenarios as indicated below: 

 

                                                                                                                                                                           
this area (relative to other areas along the Sherman shoreline) would tend to act as natural impediments to frequent recreation in 
this area. 
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Exposure Areas Recreational Hypothetical 
Commercial 

Baseline Scenarios 

Sherman Shoreline area X -- 

YAEC Inside BUD/TSCA areas -- X 

YAEC Outside BUD/TSCA areas -- X 

TransCanada -- X 

Sensitivity Analysis 

YAEC Inside BUD/TSCA areas X -- 

YAEC Outside BUD/TSCA areas X -- 

TransCanada (incl. WSD sediment) X -- 
 

The results of the human health sensitivity analyses are presented in Appendix H.  As that analysis 

indicates, the sensitivity analysis scenarios for site-related OHM or radionuclide exposures are within 

MADEP guidelines. 

 

5.2 Determination of Exposure Point Concentrations 

 Estimating intake or exposure to OHM and radionuclides is a function of the respective EPCs in 

environmental media, coupled with intake factors.  As discussed in Section 2, the data collected at the site 

from 2000 to 2006 were used in the risk assessment.  The following sub-sections present the approach 

used to estimate EPCs for the environmental media to be evaluated in the exposure and risk assessment. 

 

5.2.1 Soil 

 Soil sampling efforts have focused on defining the environmental conditions in the vicinity of the 

former industrial area of the site.  Figures 2-4 through 2-7 summarize OHM sampling locations, 

highlighting detected concentrations above background concentrations and/or MADEP soil guideline 

values (S-1).21  Figures 2-8 through 2-10 summarize the FSS soil sample results for Co-60, Cs-137, and 

Sr-90, respectively.  The summary of soil samples by analytical matrix presented earlier in Table 2-4 

reveals a robust sampling effort at the site.   

 

                                                      
21 Note that MADEP S-1 soil guidelines are used as comparative benchmarks only.  They do not form the basis for risk 
characterization in this report. 
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 As specified in MADEP (1995a) guidance, the EPCs are based on the average concentrations of 

COPCs within an exposure area.  The Study Areas defined previously (Inside BUD/TSCA, Outside 

BUD/TSCA, TransCanada property excluding shoreline, TransCanada Shoreline) were evaluated as the 

exposure units and the EPCs were determined by averaging results within each respective area.  

Averaging areas (exposure units) smaller than these study areas were considered, but for several reasons 

was not evaluated explicitly.  The most plausible future site uses are for recreational purposes, and the 

averaging areas would be unlikely to be smaller than these study areas.  Hypothetical commercial use 

would also be unlikely to encompass smaller averaging areas.  As a practical matter, reducing the 

averaging area to exposure units on the order of several acres would have reduced the number of samples 

(for OHM in particular) to only a handful of samples, or in a sense resulting in a risk characterization 

virtually on a sample by sample basis.   

 

 Instead of subdividing the site into arbitrarily smaller averaging areas, a "hot-spot" evaluation 

was conducted to determine whether any particular sub-areas within defined the study areas warranted a 

more focused risk characterization over smaller exposure units (see Section 7.4).  As that analysis 

indicates, no "hot spots" within the site warranted further consideration. 

 

 For recreational and commercial use scenarios, the EPCs included samples collected in 

surface/near surface soils down to 3 feet, which includes the majority of the soil samples for OHM.  

Samples within the C&A Fill area currently contain 3 feet of overburden, however this overburden is 

implicitly ignored in the EPC calculation (and exposure calculations), which is a health-protective, 

conservative assumption. 

 

 The majority of soil samples collected during the FSS for radionuclide analyses were from 

surficial soils.  In areas where remediation was required, these "surface" samples were collected within 

the footprint of the excavation/remediation area and are thus "confirmation" samples demonstrating 

YAEC achieved the cleanup required to meet NRC and MADPH "Dose Concentration Guideline Limits" 

(DCGLs).  In such instances, the samples represent soil conditions beneath any backfill placed in 

excavated areas.  Moreover, areas within the C&A Area are now covered by 3-feet of clean soil cover, 

and the BUD area outside the C&A Area generally contains cover material as well. 

 

 Consistent with MADEP (1995a) guidance, one half of the sample detection limit was used for 

non-detects in the EPC concentrations.  In cases where the average concentration was higher than the 
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maximum detected concentration (an artifact of elevated detection limits substituted for non-detected 

results), the maximum detected concentration was used as the EPC.  For radionuclides, sample results less 

than the minimum detected concentration (MDC) indicate a non-detected result.  When the lab-reported 

sample result was less than the MDC (i.e., a non-detected value), one-half the lab-reported sample result 

(e.g., a sample-specific detection limit) was used in calculating the average.   

 

 Occasionally sample results for radionuclides are reported by the lab as negative activity values.  

This is because radiochemical analyses are the result of two measurements for activity; one for the sample 

and one for the measurement instrument with a sample container without any environmental media (i.e., 

"instrument background").  The instrument background activity is subtracted from the sample activity 

when reporting the results.  Background values are not a single, constant value, but vary around 

an average value, which is true for the sample activity when it too is at the background level.  Thus there 

will be occasions when the sample activity is less than the background activity, and in such instances the 

sample result is reported as a negative activity.  These negative results indicate that there is no detectable 

activity for the radionuclide in that sample.  Soil EPCs for OHM and radionuclide COPCs are presented 

in Tables 5-2 and 5-3, respectively. 

 

 As noted above, the EPCs are based on soil samples collected from 0 – 3 feet bgs for OHM.  A 

comparison of these 0 - 3 feet results, with samples from 0 – 6 inches, and 0 – 15 feet is provided in 

Table E.2.2.  Based on a comparison of the mean and median values of the results shown in Table E.2.2, 

there is no significant difference between these data sets.  Moreover, as has been discussed, up to 3-feet of 

cover now exists over the majority of the YAEC Restricted Use Areas. 

 

 5.2.2 Sediment 

 Sediment EPCs were calculated for chemical and radionuclide COPCs for Sherman Reservoir and 

Deerfield River sediment samples adjacent to the site.  EPCs were not calculated for Wheeler Brook 

because no COPCs were identified in this study area.  For Sherman Reservoir, near-shore samples were 

used to estimate EPCs in sediment (e.g., see Figure 2-14).  Near-shore areas were used because the most 

plausible exposure scenario is recreational exposure to sediments while walking along the shore areas, 

and potentially wading into shallow water.  The water depth (on the order of 5 to 8 feet) for sample 

locations in near-shore areas, and even greater in off-shore areas, is such that exposure to sediments is 

improbable.  Note also that sediment samples from the small embayment adjacent to the intake structure 
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for Sherman Dam were excluded from the EPC calculation in the human health risk characterization, as 

human activity in that area is prohibited.  Statistical summaries of the COPC sample results for the near-

shore, off-shore, and Cooling Water Discharge areas are provided in Table 3-15.  Note that the EPCs for 

the Sherman Shoreline area are higher than the EPCs for the Deerfield sediments (Table 3-17).  As a 

conservative approach, the exposure and risk characterization evaluated recreational use in the Sherman 

Shoreline area. 

 

 Non-detected results were included in the EPC calculation in the same manner adopted for soils 

(explained above).  Sediment EPCs for chemical and radionuclide COPCs are presented in Table 5-2 and 

Table 5-3, respectively. 

 

5.2.3 Surface Water 

Surface water data from the environmental site investigations (2000 – 2006) were used to 

calculate average exposure point concentrations of COPCs in surface water for Sherman Reservoir, 

Wheeler Brook, and the Deerfield River adjacent to the site.  Non-detected results were addressed in the 

same manner described previously.  Surface water EPCs for chemical COPCs are presented in Table 5-2. 

 

Radiological sampling reported in the 2002 YAEC Annual Radiological Environmental Report 

(YAEC, 2002) indicates that radionuclides were not detected in surface water samples from Sherman 

Reservoir, and "gross-beta" activity, an indicator of hard to detect radionuclides, was consistent with 

levels upstream in Harriman Reservoir.  Additional radiological analyses for surface water samples 

collected for the MCP Phase II sampling similarly found no detectable radionuclide COPCs in surface 

water samples from Wheeler Brook or the Deerfield River (Table 3-35).  Tritium was detected in MCP 

Phase II samples from the Sherman Spring (ranging from 748 to 3,480 pCi/L).  The Phase II tritium 

samples, and the sample results for Sherman Spring in December, 2006 (1,130 pCi/L) and March, 2007 

(452 pCi/L), are in all cases well below the drinking water MCL (20,000 pCi/L).  The surface water 

pathway for radionuclides is considered a de minimis pathway and it was not evaluated in the human 

health risk characterization.   
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5.2.4 Groundwater 

 Unlike soil and sediment exposures, which are assessed by averaging within an "exposure unit," 

MADEP required the groundwater exposure analysis to be evaluated on a well by well basis (i.e., not 

averaged over wells within a defined area).  To characterize current and potential future risks associated 

with groundwater consumption, groundwater samples collected in 2006 and March, 2007 were used to 

evaluate the EPCs of chemicals of potential concern.  We also evaluated chemicals detected during all 

monitoring rounds from 2000 to 2006 to examine trends in order to determine whether use of the 

2006/2007 monitoring data would overlook chemicals of possible concern. 

 

 For all chemicals detected from 2000 through 2006, we used the maximum detected 

concentration within this time period and calculated "screening level" risks assuming consumption of 

drinking water for a lifetime.  Any OHM for which the maximum detected value gave a calculated cancer 

risk above 10-6 or Hazard Index above 0.1 (e.g., risk benchmarks 10-fold lower than MADEP threshold 

values), was evaluated to examine trends, and determine whether pre-2006 data should be considered in 

the risk characterization.  This initial screening identified the following OHM for further evaluation:  

Aroclor-1254, benzidine, benzo(a)pyrene, tetrahydrofuran, acetone, arsenic, antimony, beryllium, 

chromium, and selenium (sample results in Appendix E). 

 

1. Aroclor-1254 was detected historically in three wells: MW-5, MW-107B, and 
MW-107D.  The three wells are adjacent to each other, located in the C&A Fill BUD 
Area.  Aroclor-1254 was detected in MW-5 in 2002, 2003, and 2004.  This well was 
abandoned and additional wells installed in the area because the road box protecting 
MW-5 had been damaged and paint chips were thought to have entered the well via storm 
water runoff.  In the surrounding wells sampled since 2004 Aroclor-1254 was never 
detected.  Aroclor-1254 was detected in samples from wells MW-107B and MW-107D in 
2004, but not in samples collected in 2006.  In addition, Aroclor-1254 was not detected in 
surrounding wells.  The sporadic detection of PCBs (which do not readily migrate in 
groundwater) is associated with paint chips or PCB-containing soils entrained in the 
samples (i.e., a "well effect") and is not representative of groundwater conditions.  PCBs 
are not considered as COPCs in groundwater. 

2. Benzidine was detected in a single well cluster (MW-108A, MW-108B, and MW-108C) 
in 2004 at concentrations ranging from 2.1 to 3.4 μg/L.  Only well MW-108B was 
resampled in 2005 and 2006, and benzidine was not detected in either year.  Due to the 
isolated location of this well (on the small peninsula adjacent to Sherman dam), the lack 
of benzidine in any other well, and the absence of benzidine in MW-108B in subsequent 
years, benzidine is not considered a COPC in groundwater. 

3. Benzo(a)pyrene was detected in one sample (MW-102C) collected in 2003 with a 
concentration of 0.13 μg/L (less than its MCL of 0.2 μg/L).  Although this well was not 
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sampled in subsequent years for benzo(a)pyrene, surrounding wells sampled in later years 
did not show detectable benzo(a)pyrene.  Because benzo(a)pyrene was only detected in 
one out of 90 groundwater samples collected between 2000 and 2006, the detected result 
in the 2003 sample is considered to be an anomaly and B(a)P is not considered a COPC 
in groundwater. 

4. Tetrahydrofuran was detected in several wells sampled between 2000 and 2006, with 
wells MW-105C, MW-110C, and MW-111B all having elevated results.  In MW-105C, 
tetrahydrofuran was not detected in 2004, but detected in 2006 samples.  The 
concentration in MW-105C decreased from 512 μg/L (April) to 62.6 μg/L (September).  
The most recent March 2007 sample result for MW-105C is 21.8 μg/L, confirming the 
declining trend.  Tetrahydrofuran in MW-110C declined from in 2,160 μg/L (April 2006) 
to 56 μg/L (September); tretrahydrofuran was not detected in MW-105C in March 2007.  
Similarly, in MW-111B tetrahydrofuran declined from 4,470 μg/L (April 2006) to 5 μg/L 
(September), and was not detected in March 2007 in MW-111B.  The tretrahydrofurn is 
believed to be associated with glues used when well risers were installed on the 
monitoring wells.  The marked decline in tetrahydrofuran concentrations in 2006 is 
further confirmed by the March 2007 monitoring results.  While tetrahydrofuran is 
included as a COPC, the EPC is based on the 2007 data. 

5. Acetone was detected in several wells sampled from 2000 to 2006, with the highest 
concentrations found in MW-101C and MW-103C.  In MW-101C, the acetone has 
declined from a high of 14,000 μg/L (May 2004) to 3,570 μg/L (December 2006), and 
most recently 2,890 μg/L (March 2007).  In MW-103C, the acetone concentration has 
decreased from 6,200 μg/L (2003), 378 μg/L (2005), <10 μg/L (2006), and 74.8 μg/L in 
the March 2007 sampling round.  The 2007 data are considered to be representative of 
the current site conditions, and were used for the acetone EPC in groundwater. 

6. Arsenic, a naturally occurring metal, was detected sporadically in several wells at the site, 
most consistently in MW-107A.  There are no apparent trends in the magnitude or 
location of the arsenic sporadically detected in monitoring wells.  Arsenic was not 
detected in monitoring wells on the TransCanada property.  Arsenic was detected in two 
wells outside the BUD area (CFW-5 – 0.0063 mg/L; CFW-6 – 0.0049 mg/L) in March 
2007, in both instances the results are below the drinking water standard for arsenic 
(0.010 mg/L).  These wells did not contain detectable arsenic in prior sampling rounds, 
and these low concentrations (very near detection limits) are not considered indicative of 
site-related release of OHM.  As discussed later, the sporadic nature of arsenic in 
monitoring wells, the fact that the detected concentrations fall within statewide and 
regional background levels for public water supplies, and the lack of any significant 
indication of arsenic sources at the site, all suggest that the sporadic arsenic detected in 
monitoring wells is not related to a site-related "release" of arsenic. 

7. No trends were observed for the remaining metals (antimony, boron, chromium, and 
selenium), such that the most recent 2006/2007 groundwater data were used to estimate 
their EPC values. 

 

 At the request of MADEP, the EPCs in groundwater were calculated on a well-by-well basis.  In 

comparing the data for groundwater sampled between 2000 and 2006, the maximum concentrations in 

2006 were generally lower than previous yearly maximum concentrations (Appendix Table E.2.1).  Based 
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on this observation together with the trends described above, the maximum detected concentrations from 

the latest sampling rounds in 2006 and March 2007 from each study area (regardless of well from within 

the study area) were used as the EPCs for groundwater (Table 5-2).  This conservative approach replaced 

the need to calculate risks associated with each of the large number of wells on-site.  If the maximum 

concentrations taken from any well do not pose a significant risk, exposure to constituents from specific 

individual wells would by definition yield risks less than or equal to the maximum potential risk 

calculated here.  In cases where analytes were detected prior to 2006, and not detected in 2006/2007, 

these analytes were not evaluated in the risk assessment.   

 

 Tritium is the only plant-related radionuclide detected routinely in groundwater.  Groundwater 

data from 2003 to March, 2007 sampling of all YNPS monitoring wells were reviewed for potential 

trends over the 20 monitoring rounds for tritium.  The only well where tritium has exceeded its drinking 

water standard during this time period is well MW-107C, located within the BUD Area.  Tritium in 

MW-107C has declined from a high value of 48,000 pCi/L in 2003, down to 29,100 pCi/L (December, 

2006) and most recently 30,900 pCi/L (March, 2007).  The observed decline in tritium concentrations is 

consistent with the fact that significant source term has been removed/remediated at the site.  This 

continuing decline is expected to be confirmed during the future groundwater monitoring.   

 

 The highest tritium concentration detected outside the BUD area was found in well MW-106A, 

which is on the TransCanada property.  Tritium in MW-106A has declined from 13,100 pCi/L in 

February, 2006, down to 3,010 pCi/L (December, 2006) and in the most recent March, 2007 sample the 

parent sample did not detect tritium (<104 pCi/L), but it was detected in the duplicate sample 

(2,850 pCi/L).  Tritium does not exceed drinking water standards in MW-106A. 

 

 For the risk characterization, the most recent 2006/2007 tritium results are used as the EPC for 

groundwater (Table 5-3) to best reflect current and future site conditions.  Note that because tritium 

undergoes radioactive decay, its average concentration over time is calculated using the decay-adjusted 

methods described in Section 5.3.2. 

 

5.2.5 Fugitive Dust 

 There are no data for COPCs in fugitive dust, and thus these must be estimated in order to 

evaluate exposure to fugitive dust via inhalation.  The COPC concentrations in air for resuspended 
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particulates were estimated based on the COPC concentrations in surface soil using the following 

equation (MADEP, 1995a): 

 
    CFPMEPCC 10soildust ××=  (5-1) 
 

where: 
 Cdust  = Effective concentration of constituents in air from fugitive dust (mg/m3) 
 EPCsoil  =  COPC concentration in surface soil (mg/kg) 
 PM10  =  Concentration of particulate matter in air < 10 microns in diameter (μg/m3) 
 CF  = Conversion factor (10-9 kg/μg) 
 

 These particulates are assumed to be derived from soil and, therefore, to have the same 

constituent concentrations as in soil.  The MADEP default PM10 concentration of 32 μg/m3 was used. This 

is the MADEP default for open field situations in which soil is sparsely vegetated or bare and particulate 

matter readily becomes airborne.  However, as an area becomes more vegetated, it is less likely that soil 

particulate matter will become airborne.  Therefore, on a site-specific basis, MADEP indicates that the 

percentage of PM10 that is soil-derived may be reduced to as low as 40% (MADEP, 1995a).  At present, 

the restored site (e.g., the former industrial area) is an open grass field.  The default PM10 concentration of 

32 μg/m3 for the estimation of fugitive dust COPC EPCs for OHM is likely to be a high-end estimate.  

The EPCs are presented in Table 5-2.   

 

5.3 Exposure Quantification 

 In order to evaluate chemical risks and non-cancer hazards, it is necessary to estimate the 

chemical intake, expressed as an average daily dose or average daily exposure rate, for the pathways of 

possible exposure.  Chemical intake varies as a function of the chemical concentration in a particular 

environmental medium, the frequency of contact with, or intake of, that medium, and the duration of the 

exposure.  Section 5.3.1 presents the methodology used to estimate the chemical intake and/or exposure; 

the analogous methods used for radionuclides are presented in Section 5.3.2. 

 



 YNPS Method 3 Risk Characterization – Final DRAFT 
 

  

202073/YNPS_HHRA_FinalDraft.doc  58 Gradient CORPORATION
 

5.3.1 Chemical Exposure Quantification Methods 

 Exposure to COPCs in an environmental medium depends on both chemical-specific and 

receptor-specific factors.  Chemical intake for either ingestion or direct contact (e.g., dermal exposure) 

with soil, sediment, water or food, can be expressed as (MADEP, 1995a):22 

 

  
ATBW

CFEFEDRAFIFEPCADD
×

×××××
=  (5-3) 

 
where: 
 
 ADD = Average daily dose (mg/kg-day) 
 EPC = Exposure point concentration (mg/kg or mg/L depending on medium) 
 IF = Intake factor (mg/d or L/day depending on medium) 
 RAF = Relative absorption factor (unitless) 
 EF = Exposure frequency (days/year) 
 ED = Exposure duration (years) 
 CF = Conversion factor – depending on intake factor units 
 BW = Body weight (kg) 
 AT = Averaging time (days) 
   ATcancer = 70 yrs × 365 days/yr 
   ATnon-cancer = ED × 365 days/yr 
 

 The media and exposure pathway-specific equations used to quantify exposure are presented in 

Appendix D.  MADEP-recommended default exposure factors were adopted in the risk assessment, and 

are provided in Tables 5-4 through 5-7, and discussed briefly below.  Exposure factors for subchronic 

exposure evaluation are summarized in Table 5-8, and discussed in Section 6.1.2. 

 

 For carcinogenic risks, the chemical intake is averaged over a lifetime (e.g., 70-year average 

lifetime).  In order to estimate non-cancer hazards, the dose is averaged over the duration of exposure 

(ED), rather than a lifetime.  These differences in the averaging period for the respective assessments are 

required due to the different underlying nature of the chemical dose-response toxicity factors used for 

cancer versus non-cancer assessment, and are reflected in the definition of the averaging time (e.g., AT) 

variable above. 

 

                                                      
22 EPC is referred to as the concentration of OHM in MADEP terminology.  MADEP guidance also separates the exposure 
frequency term into a term for the number of events per day, multiplied by the number of events per year, yet typically the 
number of events per day is implicitly given a value of 1.0 (MADEP, 1995a).  In the equation here, these two exposure factors 
are combined into a single exposure frequency term for simplicity. 
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 The MADEP (1995a) recommended default exposure duration of 30 years was adopted for 

recreational exposure calculations, except for the subchronic risk evaluation which averages over shorter 

exposure durations as discussed in Section 6.  For recreators, exposures were evaluated for three age 

groups consistent with MADEP guidelines (e.g., as set forth in the MADEP Short Forms).  The age 

groups included children (ages 1-7 years), adolescents (8-18 years), and adults (18-31 years).  For the 

hypothetical future commercial use exposure scenario, exposures were evaluated for adults for a default 

25 year exposure duration, as recommended by MADEP (1995a).  

 

 As noted earlier, for the foreseeable future recreational scenario, a high-end exposure frequency 

of 3 days per week, 7 months per year was assumed as recommended in the MADEP Risk Assessment 

Shortforms.  Note that the high-end exposure frequency for recreational activities applies to all 

recreational activities for a hypothetical individual.  No adjustment to this high end assumption was made 

to adjust for recreational time spent elsewhere, either on the YAEC property beyond the former industrial 

area, or away from the property entirely.  For the current use recreator, the high end default exposure 

frequency was adjusted to 1 day per week, which likely is an overestimate given that public access will be 

restricted in the YAEC Owner Controlled Area until the ISFSI is removed. 

 

 Incidental ingestion of soil and/or sediment can occur from hand-to-mouth contact during outdoor 

activities, and from contact with soil, sediment, or dust tracked indoors (MADEP, 1995a).  The default 

recommended daily incidental ingestion rate for this exposure pathway is 100 mg/day for children and 

50 mg/day adolescents/adult (MADEP, 1995a).  Because incidental ingestion can occur due to contact 

with either soil or sediment, when both are evaluated together, the total ingestion rate must either be split 

between soil and sediment, or the two must be evaluated independently.  If this were not done, application 

of the default to each pathway independently would amount to "double-counting," yielding total ingestion 

rates for children and adults that are double the recommended values.  For this risk characterization, the 

soil and sediment pathways were evaluated independently for each exposure scenario, applying the 

MADEP default incidental ingestion rate to each pathway.  When the risks were summed across exposure 

routes for each scenario, the higher of the soil versus sediment pathway was included in the cumulative 

risk estimate as a conservative approach. 

 

 For drinking water exposure pathways, MADEP (1995a) provides default daily water intake 

assumptions for residential exposure scenarios only: 1 L/day for children to age seven years, 2 L/day for 

adolescents and/or adults.  For the future recreational exposure, and hypothetical future commercial use, 
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50% of these daily default drinking water ingestion rates were assumed to be from a future on-site well.  

Ingestion of surface water while wading (e.g., hand to mouth, or splashed water) was estimated to be 0.01 

L/day for all three receptors.   

 

Dermal Pathway Intake Factor (IF) 

 

 For the dermal exposure pathway, chemicals are assumed to permeate the skin and become 

absorbed into the body.  The "intake" depends on the body surface area that is potentially exposed, and 

the "loading" of either soil or water onto the skin.  Thus, the intake factor in Equation (5-3) is given by: 

 
  IF = SA × AF (5-4) 
 
where 
 
 SA = Skin surface area in contact with medium (cm2/day) 
 AF = Adherence factor -- mass of soil/sediment adhered to skin (mg/cm2) 
 

 Dermal contact with soil was assumed to occur over 2,434 cm2 of skin for the child, and 

5,657 cm2 for the adolescent and adult, representing the MADEP-recommended estimates for the face, 

hands, forearms, lower legs and feet (MADEP, 2002d).  The same surface areas were used for dermal 

contact with sediment and surface water while wading.  Dermal exposure to surface water during 

recreational activities (e.g., wading) was assumed to occur 1 hour/day (current use) or 4 hours a day 

(future use).   

 

Relative Absorption Factors (RAFs) 
 

 Relative absorption factors (RAFs) were primarily obtained from MADEP guidance documents, 

(MADEP, 1994; 1995a; 2002a; 2006b).  In accordance with MADEP (1995a), RAF values were based on 

the following default absorption efficiencies. 

 

Default Absorption Efficiencies 

Exposure Pathway VOCs SVOCs Inorganics 
Soil ingestion 0.99 0.91 0.39 
Soil dermal contact 0.11 0.17 0.03 
Water ingestion 0.99 0.92 0.4 
Water dermal contact 1 1 1 
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The RAFs used in this risk assessment are presented in Table 4-1.   

 

Inhalation Pathway 

 

 For inhalation exposures to OHM, the risk characterization is based on comparing the ambient 

concentration to a concentration-based toxicity benchmark (either a non-cancer "reference concentration," 

or a cancer "unit risk factor").  Consequently, instead of an average daily dose, it is necessary to calculate 

an effective average COPC concentration in air.  The effective average COPC concentration accounts for 

the amount of time an individual is exposed to COPCs in a particular exposure setting.  The effective 

average daily exposure for the inhalation pathway was calculated using the following equation (MADEP, 

1995a): 

 

   
AT

EDEFETC
ADE air

air
×××

=  (5-5) 

 
where: 
 
 ADEair = Time averaged daily exposure (mg/m3) 
 Cair = COPC concentration in air (mg/m3), calculated from Equation 5-1 
 ET = Fraction of day exposed (hr/24-hr) 
 EF = Exposure frequency (days/year) 
 ED = Exposure duration (years) 
 AT = Averaging time (days) 
   ATcancer = 70 yrs × 365 days/yr 
   ATnon-cancer = ED × 365 days/yr 
 

5.3.2 Exposure Quantification for Radionuclides 

 Potential exposure to radionuclides is calculated in terms of radioactivity (in pico-curies, or 

"pCi") rather than in chemical mass units.  Exposures via the ingestion pathway are calculated using 

similar approaches to those described above in Section 5.3.1 for chemical exposure, but here expressing 

exposure as the total amount of radioactivity (pCi) received over the exposure duration.  In the equations 

below, the radiation exposure is expressed in terms of an "intake factor," for either ingestion (e.g., soil, 

water, food) or inhalation.  Radiation intake for these pathways is given by (US EPA, 2000):23 
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  IF = EPC × IR × EF × ED (5-10) 

where: 

 IF = Intake factor (pCi) 
 EPC = Exposure point concentration (e.g., pCi/g, pCi/L) 
 IR = Media intake rate (e.g., g/day, L/day) 
 EF = Exposure frequency (days/year) 
 ED = Exposure duration (years) 
 

 The intake factor for radionuclides is a function of exposure duration and exposure frequency.  

Exposure factors for the radiological risk calculations are consistent with those for the OHM risk 

calculations, and are presented in the risk calculation tables in Appendix F.  Note that because the 

radiological risk calculations are based on US EPA guidelines (in the absence of MADEP guidelines), the 

exposure factors follow US EPA guidelines.  Following the US EPA approach, the age categories are 

broken into children and adolescent/adult, where the adolescent/adult is a single category ("adult"), for 

both the recreation and commercial scenarios.  This distinction does not make a material difference in the 

risk assessment results. 

 

 The concentration of radionuclides in the environment declines over time according to 

radionuclide-specific decay rates.  Thus, the EPC is not a constant, but rather declines as a function of 

time according to the following exponential equation: 

 

  EPC(t) = EPCo e-λt (5-11) 

 

where 

 EPC(t) = Concentration as a function of time (pCi/g) 

 EPCo = Initial concentration at time t=0 (pCi/g) 

 λ = 
2/1

)2ln(
t

  is the decay constant (per year) 

 t1/2 = Half-life (years) 

 t = time (years) 

 

The average concentration ( EPC ) over a particular time period (T) is given by integrating the time-

dependent concentration term over the time period: 

                                                                                                                                                                           
23 The equations presented by US EPA (2000) are for a "risk-based" concentration in soil, air, water, etc.  The intake is given by 
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In the above equation, the time period "T" is equivalent to the ED in Equation (5-10).  Thus, combining 

the expression for the average concentration for the EPC in Equation (5-12) with the intake factor 

expression in Equation (5-10), gives the following decay-adjusted intake factor: 

 

  EFIReEPCIF
T

××
−

=
−

 )1(
0 λ

λ

 (5-13) 

 

where EPCo is the exposure point concentration at the beginning (time t=0) of the exposure period, 

assumed here to be the time of measurement.  Note that the decay-adjusted EPC concentration is used by 

US EPA.24 

 

 For radionuclides with short half-lives (e.g., shorter than the typical exposure duration of 

interest), the time-averaged concentration can be appreciably less than the initial concentration.  

Conversely, for long-lived radionuclides, the adjustment for radioactive decay is insignificant. 

 

 In addition to accounting for radioactive decay, intake factors (e.g., ingestion rates, etc.) typically 

differ for children and adults.  Exposure factors for the radionuclide risk calculations are provided with 

the detailed calculations in Appendix F. 

 

 One further consideration is important for assessing exposure to radionuclides for the future use 

recreational and hypothetical commercial use scenarios.  As noted earlier, the Owner Controlled Area of 

the site will remain under YAEC's control until the spent fuel is removed under DOE obligations.  As a 

consequence, unrestricted future public access to the Owner Controlled Area will not be allowed until the 

spent fuel is removed.  For planning purposes, YAEC is assuming that the spent fuel removal will occur 

no sooner than 16 years from now (though it could be appreciably longer).  As a consequence, the starting 

                                                                                                                                                                           
simply rearranging those equations such that they are expressed as a "risk equation" without substituting a "target risk" value. 
24 http://rais.ornl.gov/rad-ssg/radssl1.shtml 
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point for the future recreational use and hypothetical commercial use scenarios is 16 years in the future.  

Therefore, for these scenarios, the exposure to radionuclides included an initial "decay adjustment" such 

that the "initial" concentration used in the exposure assessment was decay adjusted for 16 years, to give 

the estimated concentration in year 2023.  In other words, the initial concentration of radionuclides in 

Equations (5-10) and (5-11) is: 

 

  EPCo = EPC2006 e-λt (5-14) 

 

where EPC2006 (pCi/g) is the EPC determined at the completion of site restoration (2006), and the other 

terms are as previously defined.  
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6 Risk Characterization  

 This section summarizes the approach used to calculate total potential risks from exposures to 

non-radiological as well as radiological COPCs.  EPCs were also compared to Applicable or Suitably 

Analogous Standards as required by the MCP. 

 

6.1 Chemical Health Risks  

6.1.1 Cancer Risks 

 Carcinogenic risks are characterized as the incremental probability that an individual will develop 

cancer during his or her lifetime due to chemical exposure.  The term "incremental" implies that this risk 

corresponds to the added probability of cancer above the background cancer risk typically experienced by 

all individuals in the course of daily life.  Cancer risks are expressed as a unitless probability (e.g., one in 

a million, 0.000001, or 10-6) of an individual developing cancer over a lifetime, above the background 

risk, as a result of the exposure. 

 

 For all pathways except inhalation, cancer risks for non-radiological constituents were calculated 

by multiplying the lifetime average daily dose (see Section 5.3) by the oral cancer slope factor: 

 

 Cancer Risk = ADD × CSF (6-1) 

where: 
 
 Cancer Risk = Incremental cancer risk in a lifetime (dimensionless) 
 ADD  = Average daily dose over lifetime (mg/kg-day) 
 CSF  = Oral cancer slope (mg/kg-day)-1 
  

 

 For inhalation exposure pathways, cancer risk is calculated by multiplying the lifetime average 

daily exposure (see Section 5.3) by the inhalation unit risk value: 

 

 Cancer Risk = ADEair × UR (6-2) 

  

where: 
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 Cancer Risk = Incremental cancer risk in a lifetime (dimensionless) 
 ADEair  = Time-averaged (lifetime) chemical concentration in air (mg/m3) 
 UR  = Inhalation unit risk factor (risk per mg/m3) 
  

 The above equations were used to calculate cancer risk for each receptor by pathway and COPC.  

The COPC-specific risks associated with the pathway were then summed for each receptor, and these 

pathway-specific risks were in turn summed to estimate the excess lifetime cancer risk (ELCR) for the 

receptor.  Cancer risks estimated from chemical exposures were added to the cancer risks estimated from 

radiological exposures (described below) to derive cumulative cancer risks for each of the receptor groups 

(presented in Section 6.3). 

 

 Table 6-1 summarizes the total chemical (sum of all pathways) ELCR by receptor for the current 

and future recreational use scenarios.  Detailed risk sheets are presented in Appendix E.  The ELCR for 

recreational exposure scenarios range from 6 × 10-7 for current use scenario, to 2 × 10-6 for the foreseeable 

future recreational scenario.  The potential risks for OHM under a hypothetical future commercial 

scenario summarized in Table 6-2 range from 3 × 10-7 (TransCanada property), 5 × 10-7 (YAEC outside 

BUD/TSCA), to 3 × 10-6 (YAEC inside BUD/TSCA).  All of these hypothetical cancer risks are less than 

the MADEP risk threshold of 10-5. 

 

6.1.2 Non-Cancer Health Hazards 

 The US EPA and other agencies have developed acceptable daily intakes and reference 

concentrations, referred to as RfD and Reference Concentration (RfC), respectively.25  The RfD or RfC 

values represent estimates of the daily exposure level that can be experienced by an individual, including 

sensitive individuals such as children, for a lifetime with negligible risk of adverse health effects.  Therefore, 

if the estimated exposure from the site is equal to or less than the RfD or RfC then adverse non-cancer health 

impacts are not expected.  However, if the estimated exposures from the site are greater than the RfD or RfC, 

this indicates that further evaluation is necessary.   

 

 To evaluate potential non-cancer health hazards, the ratio of the chemical exposures to the 

acceptable daily intake or concentrations is calculated.  This ratio is referred to as a Hazard Quotient, or 

HQ.  For ingestion and dermal exposures, HQs were calculated using the following equation: 

 

                                                      
25 These RfDs and RfCs have been adopted by other state agencies, including MADEP. 
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RfD
ADDHQ =  (6-3) 

 
where: 
 
 HQ  = Hazard Quotient (dimensionless) 
 ADD  = Average daily dose of chemical (mg/kg-day) 
 RfD  = Oral Reference Dose (mg/kg-day) 
 

For inhalation exposures, the HQ for each COC was calculated using the following equation: 

 
RfC

ADEHQ air=  (6-4) 

where: 
 HQ  = Hazard Quotient (dimensionless) 
 ADEair  = Time-averaged (over exposure duration) chemical concentration in air 

(mg/m3) 
 RfC  = Inhalation Reference Concentration (mg/m3) 
 

 

 Equations (6-3) and (6-4) described above were used to calculate the HQ for each chemical by 

exposure pathway for each receptor.  The sum of these HQs for each pathway represent the pathway-

specific HI for each receptor.  A total HI for a receptor was determined by summing the HIs over all the 

exposure pathways evaluated (MADEP, 1995a).26  When the HI is less than one (e.g., HI<1), then no 

adverse health effects are expected. 

 

 Table 6-3 summarizes the total chemical (sum of all pathways) Hazard Indices by receptor for the 

current and future recreational use scenarios.  Detailed calculations are presented in Appendix E.  The 

results for recreational scenarios range from HI=0.05 (current use child recreator) to HI=0.17 (future use 

child recreator).  The Hazard Indices for adults/adolescents are lower than those for the child.  For 

hypothetical future commercial use scenarios, the results summarized in Table 6-3 are HI=0.01 

(TransCanada), HI=0.04 (YAEC outside BUD/TSCA), and HI=0.2 (YAEC inside BUD/TSCA).  The 

potential non-cancer health hazards for all of these exposure scenarios is below the MADEP non-cancer 

threshold of one (e.g., HI<1).   

 

                                                      
26 Summing HIs for different chemicals represents a conservative approach that may overestimate actual Site risks because the 
Reference Dose for a COPC is based on a specific toxicological endpoint (e.g., liver or kidney effects, etc.). A more accurate 
estimate of potential non-carcinogenic health risks involves summing HI values with the same toxicological endpoints.  
However, as a conservative screening step, HI values for all COCs and pathways were summed for each receptor to determine if 
non-carcinogenic health risks posed by the Site were likely to be of concern. 
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 As recommended by MADEP, potential non-cancer health hazards associated with subchronic 

exposure were also assessed.  We evaluated subchronic hazards for the recreational exposure scenario, 

assuming childhood exposure from 1-2 years of age for 7 months (MADEP, 1995a).  The results of this 

evaluation indicate that the subchronic HI values are less than or equal to one for recreational exposures 

on TransCanada and the YAEC properties (see Table 6-3; detailed calculations are in Appendix H).   

 

6.1.3 Lead Risk Characterization  

 The assessment of the possible non-cancer impacts of lead exposure was conducted following 

established US EPA approaches.  According to scientific literature published by US and Canadian 

scientists, blood lead levels are considered the most reliable indicator of potential adverse health effects of 

lead (US EPA, 1994; 2001b; ATSDR, 1999; CDC, 1991; Hilts et al., 1998; Feldman and Randel, 1994).  

Thus, in the assessment of potential health impacts from lead-contaminated soils, significant weight must 

be given to the blood lead data.  US EPA notes that "Blood lead concentrations are not only indicators of 

recent exposure, but also are the most widely used index of internal body lead burdens associated with 

potential health effects" (US EPA, 1994).  

 

 Children's exposures to lead were assessed using the Integrated Exposure and Uptake Biokinetic 

(IEUBK) Model (US EPA, 1994; 2002b).  The IEUBK Model is a computer-based deterministic 

simulation that estimates the blood lead concentration in children resulting from their exposure to lead in 

soil, dust, drinking water, diet, and air.  Specifically, the model estimates the intake and uptake of lead 

into the body and then uses biokinetic modeling to predict blood lead levels.  Because of variations in 

behavior and physiology among individual children, different children will have different blood lead 

levels, even if they are exposed to the same environment.  The IEUBK Model addresses this by treating 

its central estimate of blood lead concentration (averaged over childhood from age 0 to 7 years) as a 

geometric mean (GM) of a lognormal distribution among similarly exposed children.  A default geometric 

standard deviation (GSD) of 1.6 is used to calculate the proportion of children in the variable population 

falling above a target blood lead level of 10 μg/dL.   

 

 Although the baseline risk characterization evaluated recreational exposure scenarios as the most 

plausible for the site, a hypothetical child residential exposure was evaluated for lead risks because the 

IEUBK model is most commonly used for this purpose.  Given that recreational (and commercial) 
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exposure scenarios involve less frequent exposure compared to a residential scenario, the use of the 

residential exposure parameters for the IEUBK model is a conservative (health protective) assumption.27 

 

 Child lead risks were evaluated for lead exposure on the YAEC Property, because it is the study 

area with the highest average lead concentration (28.7 mg/kg) in soil (see Table 6-4).  Risks were not 

evaluated for exposure to other study areas with lower lead concentrations, because those estimated here 

for the child resident exposure scenario provide an upper bound estimate for all study areas.  For the 

drinking water pathway, the lead concentration used for groundwater consumption (0.0053 mg/L) is the 

maximum value of the 2006 samples (Table 6-4).  Inhalation of lead (in airborne dust) was assessed based 

on the model default concentration of 0.1 μg/m3 in the air along with default assumptions of the time 

spent outdoors as well as the inhalation rates of children between the ages of 0 and 7 years.  The air lead 

value of 0.1 μg/m3 represents background levels of lead in air, and is several fold higher than air lead 

levels that would be estimated solely on the basis of suspended soil from the site.  Assessment of lead in 

diet incorporated the model default values because no site-specific measurements are available for fruits, 

vegetables, or game animals for local residents.  Additionally, there were no detections of lead in the 

surface water.  The model default maternal blood lead level of 2.5 μg/dL was used to establish the 

mother’s contribution to the child’s blood lead level.  

 

 The IEUBK model output is given in Appendix G.  The model estimates geometric mean blood 

lead concentrations for each year of the first 7 years of a child's life.  These blood lead concentrations are 

averaged over 7 years and are shown in Table 6-4.  The model also estimates the probability that a child 

will have a blood lead level that exceeds a target blood lead level of 10 μg/dL.  The estimated geometric 

mean child resident blood lead level is 1.34 μg/dL.  The probability of a child’s blood lead level 

exceeding 10 μg/dL is 0.001% (Table 6-4).  These results, calculated for a high end exposure scenario 

(child resident), assure that there would be no significant risks associated with lead exposure on either 

YAEC or TransCanada property for either recreational or commercial uses. 

 

                                                      
27 Although an adult lead model is available to evaluate risks from exposure to lead for adults and adolescents, adult risks to lead 
were not assessed because the child is more sensitive.   
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6.2 Radiological Risk Characterization  

6.2.1 Internal Radiation Exposure Risks 

 The US EPA classifies all radionuclides as carcinogens, based on their property of emitting 

ionizing radiation and on the extensive weight of evidence provided by epidemiological studies of 

radiologically-induced cancers in humans.  At radionuclide-contaminated sites, the US EPA generally 

evaluates potential human health risks based on radiation toxicity (i.e., adverse effects caused by ionizing 

radiation rather than on the chemical toxicity of each nuclide).  Intake by ingestion, inhalation, and 

absorption are potentially important exposure pathways for radionuclides.  As summarized in 

Section 5.3.2, radionuclide intake is expressed in units of activity (i.e., picocurie or pCi) rather than mass.  

Radionuclides that enter the body through these internal exposure pathways may become incorporated 

into tissues and emit alpha, beta, or gamma radiation.   

 

 Cancer risk associated with exposures to radionuclides in soil (e.g., soil ingestion, inhalation of 

particulates) and groundwater were evaluated using the equations given below.  

 

  Riskoral  = IFo × rCSFo (6-5) 

  Riskinhalation = IFi × rCSFi (6-6) 

 

where 

 IFo, IFi = Radionuclide Intake factors for oral and inhalation exposures (pCi) 
 rCSFo = Radionuclide oral ingestion cancer slope factor (Risk/pCi) 
 rCSFi = Radionuclide inhalation cancer slope factor (Risk/pCi) 
 

The intake factors (IFo and IFi) are defined in Section 5.3.2. 

 

 When radioactive decay products of a nuclide also contribute to cancer risk, the cancer slope 

factor used to characterize the risk of the parent radionuclide plus daughter products (e.g., rCSF+D) is 

used to characterize cancer risks. 
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6.2.2 External Radiation Exposure Risks 

 Radionuclides can have a deleterious effect on humans without being taken into or brought into 

contact with the body.  This is because high-energy beta particles and photons from radionuclides from 

contaminated air, soil, or water can travel long distances with only minimum attenuation in these media 

before exerting their energy in human tissue.  Such "external radiation" exposures can result from 

exposure to residual radionuclides at the site.  Gamma and x-rays are the most penetrating of the emitted 

radiation and comprise the primary contribution to the radiation dose from external exposures.   

 
 Cancer risk associated with external radiation exposures was evaluated using the following 

equation (US EPA, 2000):28 

 

  extio CSF)]GSFET(ET[ACFED)
yr/days365

EF(EPCRisk ××+××××=  (6-7) 

where: 

 

 EPC  = Average concentration in soil (pCi/g), defined by Equation (5-12) 
 EF = Exposure frequency (days/yr) 
 ED = Exposure duration (years) 
 ACF = Area correction factor (default = 0.9; US EPA, 2000) 
 ETo = Exposure time fraction outdoors (default = 0.073; US EPA, 2000) 
 ETi = Exposure time fraction indoors (default = 0.683; US EPA, 2000) 
 GSF = Gamma shielding factor (default = 0.4; US EPA, 2000) 
 CSFext = Cancer slope factor for external radiation (risk/yr per pCi/g) 
 

 

 Tables 6-5 through 6-9 present the total radionuclide risk for the current and future use 

recreational exposure scenarios and hypothetical future commercial use, respectively.  Detailed risk 

calculations are presented in Appendix F. 

 

6.3 Comparison of Radionuclide Risk versus Dose 

 As noted earlier, the NRC and MADPH have established radioactive dose-based criteria (e.g., 25 

mrem/yr and 10 mrem/yr, respectively) that are applied for regulatory purposes.  These dose-based 

                                                      
28 This is the same equation used by the Soil Screening Guidance for Radionuclides electronic calculator at:  
http://risk.lsd.ornl.gov/rad_start.shtml. 
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criteria can be related to the cancer risk calculations using a so-called "dose conversion factor," or DCF.  

The DCF represents the radiation dose per unit of radiation activity for a particular exposure pathway 

(radionuclide-specific).  The interrelationship between cancer risk and radiation dose is explained in more 

detail in Appendix D. 

 

6.4 Combined Chemical and Radiological Risks 

 The cancer risks for chemical and radiological pathways are additive.  Thus, the estimate of 

cumulative risk posed by chemicals and radionuclides is simply the summation of their respective risk 

estimates.  Tables 6-5 through 6-9 present the combined OHM and radiological potential risk for the 

current use recreator, future use recreator, and hypothetical future commercial worker, respectively.  As 

these results indicate, the incremental lifetime cancer risks posed by current and foreseeable future 

recreational uses of the site fall within acceptable risk benchmarks established by MADEP (and also 

within the US EPA 10-6 to 10-4 risk range).  Hypothetical future commercial uses of TransCanada and the 

YAEC property also yield potential cancer risks within acceptable Agency risk thresholds. 

 

 It should be emphasized that the risks that are calculated to be site-related do not appreciably 

differ from background risks for any of the foreseeable use scenarios (background risk calculations are 

discussed in Section 7.2) 

 

6.5 Comparison of EPCs to Applicable or Suitably Analogous Standards 

 Section 310 CMR 40.0993(2) of the MCP requires that Applicable or Suitably Analogous 

Standards be identified in a Method 3 Risk Characterization.  Standards pertinent to this assessment are 

available for drinking water and surface water.  Under the MCP, Massachusetts Drinking Water Quality 

Standards -- Massachusetts Maximum Contaminant Levels (MMCLs) and Federal Maximum 

Contaminant Levels (MCLs) -- are applicable to groundwater classified as GW-1.  National 

Recommended Water Quality Criteria (e.g., AWQC) are applicable to surface water.   

 

 OHM and tritium samples collected from 2000 to 2006 were compared against their respective 

drinking water standards.  Table 6-10 presents all constituent concentrations exceeding their respective 

drinking water standard.  Note that DW-001, the plant water supply well, has never had a drinking water 

standard exceeded, and there are no other current drinking water wells in this area, nor could they be 



 YNPS Method 3 Risk Characterization – Final DRAFT 
 

  

202073/YNPS_HHRA_FinalDraft.doc  73 Gradient CORPORATION
 

installed in the C&A Fill BUD area in the future.  Nonetheless, the fact that there are no public sources of 

drinking water in the vicinity of the site requires that site groundwater be considered a Potential Drinking 

Water Source Area, classifying site groundwater as GW-1.   

 

 In 2006, arsenic (MW-107A, MW-101A), acetone (MW-101C), and tritium (MW-107C) 

exceeded their respective drinking water standards.  In the most recent March, 2007 groundwater 

monitoring results, arsenic exceeded its MCL in MW-111C and tritium exceeded the MCL in MW-107C.  

Acetone in MW-111C was below its MCL in the "parent" sample, but exceeded its MCL in the duplicate 

analysis.  All of these wells are all within the footprint of the C&A Fill BUD area. 

 

The March 2007 arsenic in MW-111C (0.0101 mg/L), marginally exceeds the MCL of 0.010 

mg/L, whereas the December 2006 sample (0.004 mg/L) was below the arsenic MCL.  Note that the 

average of the two arsenic results for MW-111C (0.0071 mg/L) is below the arsenic MCL.  Tritium in 

MW-107C exceeds its MCL of 20,000 pCi/L in the December, 2006 sample (29,100 pCi/L), and the 

March, 2007 sample (30,900 pCi/L).   

 

Constituent Well 2006 (Maximum) 2007 (March) MCL 

MW-107A 0.0144 0.0094 
MW-101A 0.016 0.0092 Arsenic 

MW-111C 0.004 0.0101 

0.010 mg/L 

Acetone MW-101C 4,890 2,890 (3,450 dup) 3,000 μg/L 

Tritium MW-107C 41,300 30,900 20,000 pCi/L 

 

 

 Although drinking water wells cannot be installed in the C&A Fill BUD area (under the deed 

restriction), an evaluation of the risk associated with arsenic and tritium (which exceeded their MCLs in 

one well each) is presented here under the assumption that the groundwater is used for drinking water.  

Risks assuming the drinking water exposure factors used for the commercial use exposure scenario are 

summarized below. 
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Constituent Concentration MCL Cancer Risk Hazard Index 

Arsenic 0.0101 mg/L 
(MW-111C, Mar 2007) 

0.010 mg/L 5 ×10-5 0.3 

Tritium 30,900 pCi/L 
(MW-107C, Mar 2007) 

20,000 pCi/L 
1 × 10-5  [a] 

4 × 10-6  [b] 
n/a 

[a] Assuming drinking water consumption beginning in 2006. 
[b] Assuming drinking water consumption beginning in 2023 (e.g., 16 years in the future) 

 

 

 Arsenic is naturally occurring, and there is no identifiable pattern in space or time that indicates a 

site-related release.  In addition, the detected concentrations of arsenic are only marginally above drinking 

water standards, and are within the range of background levels reported by the USGS for public drinking 

water supply wells in Massachusetts and New England (Ayotte et al., 2006).  The median arsenic 

concentration in Massachusetts water supplies is in the range of 0.005 to 0.010 mg/L, the 80th percentile 

values are in the range of 0.010 to 0.020 mg/L, and the 95th percentile is over 0.020 mg/L (Robinson and 

Ayotte, 2006).  As reported by these authors, arsenic concentrations in groundwater tend to be higher in 

eastern New England relative to the western regions.  Although arsenic has exceeded its drinking water 

standard in several wells, it is neither widespread nor consistent over time across the site, and may be an 

artifact of variations in groundwater geochemistry.  These wells are located in the C&A Fill BUD area 

where future construction of drinking water wells is prohibited. 

 

 Tritium has declined from a high value of 48,000 pCi/L in MW-107C in September, 2003, and it 

is expected to continue this decline as a result of the completed site remediation.  Similarly, acetone in 

MW-111C, which measured 14,000 μg/L in 2004, also exhibits a declining trend that is expected to 

continue.  Both of these wells are located in the C&A Fill BUD area where future construction of 

drinking water wells is prohibited. 

 

 Based on the above results, drinking water containing tritium or arsenic above their MCLs would 

result in a condition of significant risk under 310 CMR 40.0993 of the MCP.  Continued monitoring 

according to a MADEP-approved groundwater monitoring plan will be used to evaluate whether any 

drinking water standards are exceeded in the future. 

 

Chemical concentrations in surface water from Sherman Reservoir, the Deerfield River samples 

collected adjacent to the site, Wheeler Brook, and the WSD were compared against US EPA (2002a) 

National Water Quality Criteria (AWQC) as summarized in Table 6-11.  None of the EPCs for Sherman 
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Reservoir or the Deerfield River exceeded the AWQC standards.29  Several constituents (cadmium, silver, 

and thallium) sporadically exceeded their AWQC in Wheeler Brook surface water samples. 

                                                      
29 A single sample for thallium (0.003 mg/L) from a surface spring on the TransCanada property exceeded the AWQC value of 
(0.002 mg/L).  The EPCs in Table 6-11 are average concentration values unless the average exceeded the maximum detected 
concentration – a statistical artifact caused by using ½ the detection limits for non-detects. 
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7 Uncertainty Analysis 

 There are inevitable uncertainties inherent in current risk assessment methodologies that may 

result in either the under- or over-estimation of potential health risks.  Guidance and default exposure 

factors recommended by MADEP and US EPA recommend conservative (i.e., health protective) 

approaches so that potential risks are more likely be overestimated rather than underestimated.  This 

section provides both qualitative, and quantitative where possible, discussion of how uncertainties in the 

risk characterization may impact the exposure and risk estimates. 

 

7.1 Environmental Sampling and Laboratory Analysis 

 The environmental sampling and analysis process may result in errors associated with sample 

collection, analytical procedures, or overall characterization of contamination at the site.  For the YNPS 

site, there are sufficient sampling data to adequately characterize impacts to soil, sediment, surface water 

and groundwater at the site for the purpose of risk characterization.  Specifically, soil, sediment, surface 

water and groundwater data are representative of current site conditions and allow the calculation of EPCs 

that provide a reasonable estimate of the COPC concentrations in these media.  

 

 One source of uncertainty associated with the analytical program lies in the estimation of 

concentrations for samples with high detection limits that resulted from various reasons (i.e., low percent 

solids in sediment samples, and dilution).  These high detection limits, when used in averaging the 

detected concentration and the non-detected concentrations to calculate the EPCs, bias the EPCs high.  In 

cases where the average concentration is calculated to be higher than the maximum observed 

concentration due to these high detection limits, the maximum concentration was used as the EPC.  These 

maximum concentration EPCs were then evaluated in the risk assessment, likely overestimating true risks. 

 

 One major conservative assumption adopted in the human health risk characterization, was that 

the soil cover in the C&A Fill and BUD areas was ignored from the purpose of the EPC estimation and 

the exposure calculations.  That is, soil samples that were collected as "surface" samples prior to backfill, 

grading and restoration, were used in the exposure estimates as though they remain "surface" samples.  

No reduction in radiation dose (which soil cover provides), and no reduction in potential contact was 

assumed for these soils which are now covered.   
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 The risks associated with potential PCB exposure were based on exposures to Total PCBs using 

measurements from U.S. EPA standard analytical procedures for PCB Aroclor mixtures (e.g., 

Method 8082).  These methods rely upon the laboratory providing an Aroclor “best fit” result to the 

Aroclor standards.  Because environmental samples are subject to weathering (e.g., evaporation, 

dissolution, biological degradation), matching  the Aroclor patterns of the environmental sample with the 

“original” (unweathered) sample, can introduce uncertainty in the reported results.  This uncertainty can 

lead to either under or overpredictions of Total PCBs. 

 

 The source of the PCBs at the site were PCB-containing paints.  PCBs within this dried paint 

matrix are believed to be less subject to environmental weathering than would PCBs that are released 

directly to the environment as an oil (e.g., from electrical equipment).  Thus, measuring Total PCBs using 

standard Aroclor methods as was done at the YAEC site, is not believed to introduce a large source of 

uncertainty. 

 

So called PCB “congener” analytical methods (e.g., Method 1668A) exist that provide an 

alternative laboratory procedure for estimating Total PCBs.  The PCB congener methods are not routinely 

performed.  At the YAEC site, PCB congener methods were used for fish samples.  A comparison of the 

Total PCB results for the Aroclor and congener methods provides some insight on the uncertainty 

introduced by quantifying PCBs using Aroclor methods.  As these data shown on the figure below 

suggest, the Aroclor Total PCB results tend to be somewhat lower than the congener Total PCB results 

for fish.   

 

It is not possible to use these results to quantify the potential uncertainty of the Aroclor Total 

PCB results in soil or sediment.  The fish tissue results represent a different environmental matrix, subject 

to different environmental and biological conditions and chemical extraction methods.  Qualitatively, this 

comparison suggests that the two methods are consistent within an approximate 2-fold range. 
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7.2 Risks Associated with Background 

 Site-specific background samples analyzed for OHM and radionuclides (Cs-137 and Sr-90) were 

used to calculate risks associated with background exposures for the current and future recreator, and 

future commercial workers.  The background risks for each evaluated exposure scenario were calculated 

using the same COPC list, exposure parameters, and toxicity values as adopted for the baseline risk 

assessment.  A summary of the background risks for OHM is provided in Table 7-1.  Detailed risk 

calculations are presented in Appendix E for OHM, and Appendix F for radionuclides (summaries 

provided previously in Tables 6-5 through 6-9).  These background risks are compared below to the site 

baseline risks. 

 



 YNPS Method 3 Risk Characterization – Final DRAFT 
 

  

202073/YNPS_HHRA_FinalDraft.doc  79 Gradient CORPORATION
 

Background Site – Related 
Receptors 

Cancer Risk1 Hazard 
Index2 

Cancer 
Risk1 

Hazard 
Index2 

Current Recreational Use 3 × 10-7 0.02 7 × 10-7 0.07 

Future Recreational Use 2 × 10-6 0.05 2 × 10-6 0.2 

Commercial Use (TransCanada) 5 × 10-6 0.0008 5× 10-7 0.01 

Commercial Use (YAEC Non BUD/TSCA) 5 × 10-6 0.0008 2 × 10-7 0.05 

Commercial Use (YAEC BUD/TSCA areas) 5 × 10-6 0.001 5 × 10-6 0.2 
Notes 
1 – Cumulative OHM and radiological risk. 
2 – OHM hazard index for child (recreational scenario) or adult (commercial scenario). 

 

 In comparing the "site-related" risks to background, the hypothetical site-related risks for all 

scenarios do not differ appreciably from background risks.  In general, it is expected that site-related risks 

will be at least somewhat higher than background risks because COPCs are included in the baseline risk 

calculations only if their concentrations exceed those expected as background, or if the COPC is not 

naturally occurring and has no background component.  However, there are situations where the 

maximum site-related COPC concentration exceeded the maximum background COPC concentration, 

while the average site-related COPC concentration was less than the average background COPC 

concentration (e.g. Cs-137).  In this situation, the COPC is retained in the site-risk calculation as a result 

of the elevated maximum concentration,30 but background risks are higher because they are based on the 

average concentration.  The calculated "site-related" risks include chemicals and radionuclides that are 

also present in background media, although the "site-related risks do not separately account for this 

"background" component (e.g., the risks due to background are not subtracted).  Thus, the site-related 

risks do not represent the "incremental risk" above background, but rather a combination of site-related 

risks plus the risk associated with background levels of those OHM and/or radionuclide chemicals of 

concern that have a background component (e.g., metals, Cs-137, Sr-90, etc.). 

 

7.3 Exposure Assumptions 

 The exposure factors necessary to estimate chemical intakes are both uncertain, and variable 

within a given population.  Conservative MADEP default exposure parameters were adopted.  These 

exposure factors are a combination of central tendency values (e.g., body weight, skin surface area), and 

“high end” values (e.g., exposure frequency and duration, intake, etc.) such that the resulting exposure 

estimate is considered to represent a highly exposed individual..   

                                                      
30 Inspection of the box-whisker plots (Appendix J) of additional percentiles of the data supports retaining Cs-137 as a COPC. 
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 Default high-end incidental soil ingestion rates, routine outdoor exposure, and a 30 year exposure 

duration, were adopted as recommended by MADEP.  Not only were high-end MADEP default exposure 

factors adopted, exposure scenarios were evaluated despite conditions that would render them 

improbable.  For example, the steep and rocky shoreline and the prohibited recreational access near the 

dam are conditions that will inevitably limit potential recreational activities (hence potential exposure) to 

sediment and surface water from Sherman Reservoir in the immediate vicinity of the former YNPS.  

Despite these conditions limiting recreational potential, risks from soil, sediment and surface water 

exposure in the Sherman Reservoir were assessed as a conservative approach. 

 

7.4 “Hot Spot” Evaluation 

 MADEP guidance recommends evaluating the possible presence of localized "hot spots."  The 

MCP defines a hot spot as a discrete location with contamination concentrations that are substantially 

higher (10 up to 100 times higher) than concentrations in the surrounding area.  Table 7-2 provides a 

summary of all samples results exceed 10 times the average concentration within a given study area, and 

Figure 7-1 is a plot of those sample locations.  These results are discussed below. 

 

• SB-540 on the TransCanada property contained fluoranthene (5,860 μg/kg) and pyrene 
(5,200 μg/kg) exceeding their respective mean values of 538 μg/kg and 485 μg/kg, by 
over 10-fold.  However, both results are well below their soil S-1 values of 
1,000,000 μg/kg (same for both).  This single sample location, well below its S-1 soil 
criteria, contains other samples in the vicinity that document the lack of significant PAH 
impacts, and is not considered a "hot spot." 

• YRDTS-051B on the TransCanada shoreline area had an Aroclor 1260 of 580 μg/kg 
which is 11-fold higher than the respective mean value (51.4 μg/kg) for the shoreline 
area.  However, this one value is well below the MCP S-1 value (2,000 μg/kg) for 
residential settings, and is not considered a “hot spot.” 

• Sample SB116 located near the hair-pin turn approximately 3,000 feet southwest of the 
former plant had a copper concentration (330 mg/kg) approximately 34-fold greater than 
the mean copper concentration for the Outside BUD/TSCA Area (9.7 mg/kg).  Lead 
(360 mg/kg) in SB116 exceeded the Outside BUD/TSCA mean (16.3 mg/kg) by 22-fold.  
The copper concentration in this isolated sample is below the MCP S-1 criteria 
(1,000 mg/kg), so it was not evaluated further.  The lead concentration in SB116 is 
somewhat above the S-1 criterion (300 mg/kg), but below the US EPA soil screening 
level (400 mg/kg).  This location is not considered a significant “hot spot.” 

• Sample SB116CD contained lead (171 mg/kg) and acetone (869 μg/kg) that exceeded 
their respective mean values for samples from Outside the BUD/TSCA by over 10-fold.  
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In both cases they are below their respective S-1 values (300 mg/kg for lead; 
500,000 μg/kg for acetone), and this area is not considered further. 

• Sample ST-Maxy-017R (211 μg/kg) and ST-Maxy-026 (437 μg/kg) from the former 
parking lot area have Aroclor 1248 concentrations greater than ten times the Aroclor 
1248 mean concentration (19 μg/kg) for soil samples from the Outside BUD/TSCA area.  
These concentrations are below the MCP S-1 criteria (2,000 μg/kg), and the many 
surrounding samples with low PCB concentrations indicate these two samples do not 
represent significant "hot spots." 

• Three samples collected in the general vicinity of the SCFA contained PCB 
concentrations that were over 10-fold greater than the Outside BUD/TSCA mean 
concentration (see Figure 7-1 for the sample locations).  The maximum concentration 
(617 μg/kg Aroclor 1260) in these three samples is below the S-1 value for PCBs 
(2,000μg/kg).  Numerous samples surrounding these sample locations confirm these 
values do not represent a “hot spot” of concern. 

• Several samples in the former Furlon House parking area had VPH concentrations over 
10-fold greater than their respective mean concentrations (see Figure 7-1).  In addition, 
acetone and 2-butanone also exceeded their respective mean values by more than 10-fold.  
In each instance, the detected concentrations are well below their respective S-1 values 
(see Table 7-2), and were not evaluated further. 

 

 As summarized in Table 7-2, the only other areas that have individual sample locations 10-fold 

greater than their respective mean concentrations within a study area, are samples within the BUD/TSCA 

or SCFA areas on the YAEC property.  The majority of these samples had PCBs above 1.0 mg/kg.  These 

areas (which lie beneath soil cover) are restricted under the land use restrictions, and thus do not pose a 

current or future health risk. 

 

 As noted briefly in Section 2, a cluster of soil samples (SB-105 cluster) in the vicinity of a 

historic railbed running along Sherman Reservoir (see Figure 2-5).  A number of these samples contained 

elevated concentrations of PAHs (sample results in Appendix A), chemicals routinely associated with 

railroad ties.  When the sample cluster of SB-105 samples was collected, the elevated SVOC detections 

were found to be associated with pieces of railroad ties in the samples (e.g., combined with soils when the 

samples were collected).31  Thus, the majority of the SB-105 samples were not representative of soil 

conditions, but rather the SVOCs in the buried railroad ties themselves.  Samples SB105-J, SB-105-T and 

SB-105-U also collected in this vicinity, were considered representative of soil conditions in this area, and 

they did not contain unusually elevated PAH concentrations. 

 

                                                      
31 ERM memorandum to Ken Dow (YAEC) and David Merrill (Gradient), "Railroad bed test pit and sampling – summary of 
activities and recommendations," August 21, 2006. 
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 Based on the foregoing potential "hot spot" analysis, there are no areas of the site that require 

further assessment for risk characterization.  This analysis indicates that no further examination of the 

site, using possibly smaller averaging areas, is needed.  

 

7.5 Future Uses Including ISFSI 

 As has been noted, the ultimate disposition (future owner) and future uses of the site are currently 

unknown.  Land use restrictions will preclude residential development of the Restricted Use Area of the 

property.  The risk assessment has evaluated a range of future uses to evaluate both plausible and 

hypothetical use scenarios.   

 

 YAEC will maintain control of the Owner Controlled Area, which is a 300-meter buffer around 

the ISFSI, for the foreseeable future.  The License Termination Plan will continue to exist as a Yankee 

Licensed Document and will be maintained until the ISFSI is decommissioned (pending availability of the 

federal spent fuel storage facility).  At that time a Final Status Survey will be performed of the ISFSI area, 

to satisfy the NRC and MADPH requirements.  This procedure will be similar to the recently-completed 

"site" FSS that supports termination of YAEC's license in all areas other than the remaining ISFSI. 

 

 This "ISFSI FSS" will include surveys to confirm that the ISFSI did not introduce contamination 

to the environment.  Because the Fuel Storage System is designed such that there is a negligible 

possibility of a release of radioactive material from the inner canister, it is not expected that there would 

be a need to perform any remediation after the ISFSI is removed.  The area under the ISFSI was sampled 

prior to its construction, confirming no detectable radioactivity at that time.  The area below the ISFSI 

will not necessarily be resurveyed during the ISFSI FSS unless contamination has been detected coming 

at some point in the future from the ISFSI.   

 

 The ISFSI and Owner Controlled Area will be guarded 7 days a week, 24 hours a day.  The spent 

fuel materials stored in the ISFSI emits some radiation above local background levels.  YAEC has 

measured the levels of radiation emitted from the ISFSI, at points surrounding the ISFSI fence line, as 

well as at locations both on- and off-site.  These monitoring data are summarized in the NRC required 

"Annual Radiological Environmental Operating Report (AREOR)," dated March 14, 2007 (YAEC, 2007).  

The data in the 2007 AREOR report show that the radiation emitted from the ISFSI (~200 to 300 μrem/hr 

within 10 - 20 meters from ISFSI) drops to background (~5 to 7 μrem/hr) within approximately 100 to 
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200 meters from the ISFSI.  At the Sherman Reservoir shoreline, which is approximately 250 meters from 

the ISFSI at the East Storm Drain embayment, the radiation monitoring results in the AREOR indicate no 

elevation above background.  

 

7.6 Toxicity Criteria 

 Another source of uncertainty is the toxicological information used in the risk characterization.  

The development of toxicity factors (e.g., RfDs and RfCs) often involves extrapolation of results from 

animal studies to predict potential adverse health effects and the dose at which they occur in humans.  

Animal studies usually involve very high doses of chemicals, while human exposures to chemicals in the 

environment are typically much lower.  Animal studies also usually involve a homogeneous population, a 

very consistent exposure regimen, and a distinct period of exposure, while humans have a wide range of 

sensitivities and potential exposures.  In addition, there may be important differences in chemical uptake, 

metabolism, and distribution of chemicals in the body between animal species and humans.  Each of these 

variables contributes uncertainty to the predicted adverse health effects in humans.  Overall, US EPA and 

MADEP use conservative assumptions in developing toxicity factors; therefore, these factors most likely 

overestimate rather than underestimate potential health risks.  For example, benzo(a)pyrene, while clearly 

a genotoxic carcinogen (i.e., causes changes in DNA), has a very non-linear dose-response relationship 

for carcinogenicity.  That is, benzo(a)pyrene is relatively more potent at high doses, such as those 

administered for toxicity testing, than at low doses, such as those experienced from environmental 

exposures.  Nonetheless, the dose-response models assume linearity at low doses as a health-protective 

assumption. 
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8 Risk to Public Welfare and Safety 

8.1 Risk to Public Welfare 

 The MCP specifies that the risk to public welfare should be evaluated by considering whether 

nuisance conditions that might affect public welfare exist at the site.  The risk assessment evaluated the 

possible human health risks relating to residual constituents and radionuclides in environmental media.  In 

addition, the MCP requires a determination of whether average constituent concentrations exceed Upper 

Concentration Limits (UCLs) prescribed in 310 CMR 40.0996.  A comparison of site-wide soil and 

groundwater EPCs to their applicable UCLs is presented in Tables 8-1 and 8-2, respectively.  This 

comparison demonstrates that all of the soil and groundwater EPCs are below their respective Method 3 

UCLs.  Therefore, per the MCP, site conditions pose "No Significant Risk" to public welfare. 

 

8.2 Risk to Safety  

 The purpose of evaluating the risk to safety is to identify any post-closure conditions at the site 

that may result in a release of hazardous material in the foreseeable future that would pose a threat of 

physical harm or bodily injury to people.  Examples of such conditions include the presence of rusted or 

corroded drums, weakened berms, threat of fire or explosion, reactive chemicals, unsecured pits, lagoons, 

ponds, or other dangerous structures, or any uncontained materials which may exhibit the characteristics 

of corrosivity, reactivity, flammability, or are considered to be infectious materials.  Because YNPS is 

being completely dismantled and the site restored, no such conditions or nuisances will exist.  Therefore, 

it can be concluded that the site poses "No Significant Risk" to safety. 

 

 The presence of the ISFSI on the site does not present a safety risk as the ISFSI will be guarded 

7 days a week, 24 hours per day.  Furthermore, radiation from the ISFSI drops to background levels 

within 100 to 200 meters of the ISFSI.  Safety issues relating to the operation of Sherman Dam (activities 

within the vicinity of the dam and intake structure, maintenance of flood control requirements, etc.) are 

regulated under the FERC license that addresses public safety. 
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9 Environmental Risk Characterization 

 The object of the Environmental Characterization is to establish whether there are any current 

conditions in the vicinity of the site that may pose a significant risk of harm to the environment.  The 

Environmental Characterization (or Ecological Risk Assessment) consisted of two steps – A Stage I 

Screening Level ERA and a Stage II Baseline ERA (BERA).   

 

 The Environmental Characterization is presented in Appendix I, with a summary of the approach 

and findings provided in this section. 

 

9.1 Stage I Screening Level Ecological Risk Assessment 

 A Stage I screening evaluation was performed to identify whether a Stage II assessment would be 

necessary.  For OHM constituents, the median and maximum chemical concentrations in soil, sediment, 

surface water, and fish were compared to background concentrations of each media.  OHM constituents 

detected in more than 5% of the samples and with concentrations above background levels were selected 

as COPCs.  For OHM constituents, the COPCs included inorganics, semi-volatile organic compounds, 

volatile organic compounds, PCBs, and petroleum hydrocarbons.  Note that while OHM constituents 

were compared to media toxicity-based "sediment benchmarks," COPCs were not excluded from the 

Stage II detailed analysis on the basis of this screening step. 

 

 For radionuclides, the US DOE Biota Dose Assessment Committee (BDAC) "A Graded 

Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota" (US DOE, 2002) approach 

was adopted.  The first step of the graded approach involves a comparison of the maximum detected 

concentration for each radionuclide COPC in surface soil and sediment to the radionuclide-specific biota 

concentration guidelines (BCG).  If the maximum concentration of all radionuclides falls below their 

respective BCGs, there is no need for a site-specific ecological analysis (or "Stage II").  Maximum 

detected concentrations of radionuclides were in all cases less than their BCG values, and no Stage II 

evaluation was required for radionuclides. 

 

 Only OHM constituents were evaluated in the Stage II BERA.  The goal of the BERA is to 

provide a detailed assessment of the potential of COPCs to result in adverse effects to the ecology of the 

site.  Ecological receptors of concern were selected for assessment based on potential for exposure to 
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COPCs at the site, the likelihood of their occurrence in habitat areas on the site, their potential sensitivity 

to COPCs, and to cover a range of ecological function groups.   

 

9.2 Stage II Baseline Ecological Risk Assessment 

 The first step of a Stage II BERA is the Problem Formulation.  The outcome of this step is the 

selection of assessment endpoints (e.g., endpoints that address biological stress or potential harm) that are 

subsequently quantified in the risk characterization through specific measurement endpoints (e.g., specific 

quantitative measures that relate chemical concentration or intake to possible biological harm).  An 

ecological assessment/natural resource inventory of local ecological habitats and communities was 

conducted to frame the assessment.32 

 

 The Problem Formulation step includes the following components: 

 

• Identification the fate and transport characteristics of COPCs; 

• Identification of exposure pathways and receptors of concern; and 

• Definition and selection of ecological assessment and measurement endpoints. 

 

 Using information developed from these components of the analysis, a conceptual site model 

(CSM) was developed to guide the site-specific environmental assessments.  The CSM represents 

pathways by which constituents move through the environment to potential exposure points and through 

the food web to higher trophic level consumers.  In addition to providing a basis for identifying key 

receptors, the conceptual model also provides a reference point for selecting measurement methods that 

can be used to evaluate the effects of possible concern. 

 

9.2.1 Ecological Habitats and Communities 

 The ecological risk assessment evaluated risks to receptors from exposure to the Combined Study 

Areas, which encompass the terrestrial (approximately 80 acres) and aquatic habitats (approximately 20 

acres) along the Deerfield River and Sherman Reservoir as described in Appendix I.  It should be noted 

that the ecological assessment included the BUD and SCFA areas as though no soil cover existed in these 

areas, whereas the soil cover would provide a natural exposure barrier in these areas. 

                                                      
32 YAEC conducted a site-specific natural resource inventory (Woodlot, 2004). 
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 The environmental risk assessment did not include the entire 1,800 acres of the property because 

the sampling efforts were focused on areas in the vicinity of the former plant operations.  Furthermore, as 

discussed previously in Section 2, the other outlying areas of the YAEC property were not assessed based 

on the findings of the ASTM Phase I inspection.  In addition, site-related OHM and radionuclides were 

not found at elevated concentrations in the Deerfield River downstream of the site, so no detailed analysis 

of those locations was required. 

 

9.2.2 Ecological Receptors 

 Ecological receptors were chosen based species either found at the site, or typical of the site 

habitats, as well as foraging ranges (some small, some large), and also a mix of herbivorous and 

carnivorous representative species.  The list of species selected for evaluation in the BERA can be 

grouped by the following receptor categories (refer to Appendix I for details). 

 
• Benthic macroinvertebrates 

• Freshwater fish 

• Amphibian species 

• Higher trophic level mammals and birds 

• Terrestrial plant and soil invertebrates 

 

9.2.3 Measurement Endpoints 

 Three types of measurement endpoints were used in this environmental risk characterization to 

assess chemical risks:  benchmark approach, toxicity quotient method, and tissue residue analysis.  The 

benchmark approach involves comparing water, sediment, or tissue concentrations with respective 

benchmarks identified in the literature.  These benchmarks are protective of specific receptors (i.e., 

terrestrial plants, fish, amphibians, soil invertebrates) exposed to environmental media.  The toxicity 

quotient method characterizes risk by using food web models to calculate the ratio of the modeled COPC 

intake from the site exposure to toxicity reference values obtained from the literature.  Tissue residue 

analysis, which is often the method used to evaluate risk for fish species, involves analyzing fish samples 

to determine whether the contaminants of concern have accumulated in the organism.  Fish were collected 

and analyzed for PCBs because of its bioaccumulation potential and the historic releases at the site.  This 

measure of exposure is then combined with available data on toxic effects, in order to assess the potential 
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for ecological risk associated with the degree of bioaccumulation or exposure (MADEP, 1996).  A 

summary of the types of measurement endpoints used in the environmental risk characterization is given 

below. 

 

Assessment Endpoint 
(Receptor Group) 

Measurement Endpoint 

Benthic Invertebrates Compare COPC concentrations in the sediment of Sherman Reservoir, Deerfield River, 
and Wheeler Brook to sediment benchmarks in MacDonald et al. (2000). 

Fish Compare COPC body burden concentrations of collected fish tissues to toxicity 
reference values relating effects to tissue-based concentrations (Jarvinen and Ankley, 
1999). 

Mammals and Birds Estimate COPC uptake from environmental media and food. 

Compare COPC uptake to representative toxicity reference values. 

Amphibians Compare surface water quality data for COPCs to toxicity reference values (where 
available) for amphibian survival (US EPA, 1996). 

Terrestrial Plants and 
Soil Invertebrates 

Compare COPC concentrations in soil of terrestrial habitats present at the site to 
ecological benchmarks present in Efroymson et al. (1997a,b). 

 

 Appendix I contains the ecological toxicity reference values and other reference benchmarks used 

in the assessment. 

 

9.3 Results and Conclusions 

 Based on the Stage I screening for radionuclides, the maximum concentrations of radionuclides in 

sediment and soil were well below their screening values, and no further detailed evaluation was required.  

 

 The results of the ecological risk characterization for OHM are presented in terms of chemical 

Hazard Quotients and Hazard Indices for receptor species, which represent the calculated chemical intake 

or exposure relative to an acceptable intake, denoted as a Toxicity Reference Value (TRV).  TRV values 

were selected from published literature based on "No Observable Adverse Effects Levels" (NOAELs) and 

"Lowest Observable Adverse Effects Levels" (LOAELs).  A summary of the calculated Hazard Indices is 

provided below. 
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Summary of Environmental Risk Characterization 
Hazard Index – Site Hazard Index -- Background 

Receptor 
NOAEL LOAEL NOAEL LOAEL 

Birds 

robin 7 <1 4 <1 

king fisher <1 <1 <1 <1 

Bald eagle <1 <1 <1 <1 

Mammals 

shrew 3 1 1 <1 

cottontail 1 1 <1 <1 

raccoon <1 <1 <1 <1 

fox <1 <1 <1 <1 
 

 

 None of the LOAEL-based Hazard Indices for ecological receptors exposed via the food web 

exceed 1.0, the Agency benchmark commonly used to evaluate the potential for adverse ecological 

impact.  The NOAEL-based Hazard Indices are above one (1) for the robin and shrew, but in all cases 

below 10.  In addition, the background HI for the robin similarly exceeds one (1) based on exposure to 

background concentrations of COPCs.  Based on these results, there is no indication of potential 

significant ecological risk involving the food web at the site. 

 

 In addition to the food web analysis, COPCs were compared to published ecological benchmarks.  

The ratio of chemical concentrations in sediment, soil, and surface water relative to benchmarks was 

expressed as a "Benchmark Quotient."  Benchmark Quotients less than one (<1) indicate no ecological 

concerns are expected; quotients above one do not necessarily imply significant risk, but instead indicate 

that possible risks cannot be ruled out without further lines of evidence.  Although Benchmark Quotients 

for several metal COPCs at the site exceed benchmarks for benthic macroinvertebrates (summarized 

below), this is not necessarily an indication of overt adverse risk.  For example, organisms can exist in 

areas with naturally high background metal concentrations by means of modified physiology that results 

in the acclimation of exposed individuals or even through genetic modification of the population that 

results in adaptation and increased tolerance.  Benchmark values based on laboratory toxicity tests 

conducted with organisms acclimated to low standard metal concentrations would not represent 

conditions at sites with naturally high background metal concentrations (US EPA, 2004).  Thus, there is 
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little, if any environmental significance that can be associated with the isolated samples that exceed 

sediment benchmarks at the site. 

 

 

Summary of Benchmark Quotients 
Site Background  

Mean [a] Max [a] Mean Max 
Benthic Macroinvertebrates 

mercury <1 
11.7 (TEC) 
2.0 (PEC) 

<1 1.1 

PCBs 
7.9 (TEC) 
<1 (PEC) 

56.9 (TEC) 
5.0 (PEC) 

<1 <1 

PAHs [b] 
18.4 (TEC) 
1.2 (PEC) 

151 (TEC) 
11.1 (PEC) 

<1 <1 

Soil invertebrates <1 2.6 (zinc) <1 <1 
3.2 (selenium) 13 (selenium) 1.6 (selenium) 2.6 (selenium) Plants 

1.3 (zinc) 10.4 (zinc) 1.1 (zinc) 1.5 (zinc) 
Amphibians -- <1 -- <1 
[a] Site mean and maximum benchmark quotients are the largest values in any of the study areas.   

[b] TEC-based benchmark ratios skewed by single sample (SD-303) in the West Storm Ditch.  

 

 Mercury exceeds its benthic benchmark (TEC) on average by 2.6-fold in Sherman Reservoir 

sediments in the cooling water discharge area, however the average mercury concentration (0.47 mg/kg) 

is below the PEC benchmark (1.06 mg/kg).  Given its small area, proximity to the Sherman intake 

structure, the lack of food web impacts for mercury, and the fact that mercury is on average below its 

PEC benchmark, this exceedance of the TEC on average in the Cooling Water Discharge area is not 

considered an indication of potentially significant adverse environmental impacts.   

 

 The Aroclor 1254 benchmark quotient for Sherman sediments in the ESD embayment is on 

average 4.7, with a maximum quotient of 56.9 (TEC basis).  The average Aroclor 1254 concentration is 

below the PEC benchmark in all of the Sherman Reservoir study areas.  Furthermore, the fact that PCBs 

in fish from Sherman Reservoir were no different than PCBs in fish from the Harriman Reservoir, and the 

lack of any calculated food web impact due to PCBs, provide further evidence that PCB bioaccumulation 

(e.g., sediments, to macroinvertebrates, to higher order organisms) is not a significant concern at the site. 
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 As discussed earlier, several PAHs exceed their TEC-based sediment benchmarks on average, but 

the majority are below their respective PEC benchmarks, and none of the PAHs exceed their respective 

PEC benchmarks on average in any study areas. 

 

 With the exception of the isolated measurements of several COPCs that exceed sediment or soil 

benchmarks, the results of the ecological assessment indicate the site-related impacts, if any, are not 

significantly different from background.  Based on these results, the site-related residual constituents do 

not contribute to a significant risk of harm to the environment.   
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10 Conclusions and Findings 

 The information presented in this report documents the Method 3 Risk Characterization for the 

YNPS Site.  The risk characterization was conducted in accordance with the requirements set forth in 310 

CMR 40.0900 of the MCP.  The Method 3 approach was used to characterize the potential risk of harm to 

human health, the environment, public welfare and safety based on current and foreseeable future uses of 

the site. 

 

 Using MADEP-recommended default exposure assumptions for risk characterization for OHM, 

and US EPA exposure factors for radionuclide risk characterization, the potential health risks were 

calculated for plausible current and future use recreational exposure scenarios, in addition to several 

hypothetical commercial use scenarios.  

 

 According to the 310 CMR 40.0993 of the MCP, the results of a Method 3 Risk Characterization 

support a finding of "No Significant Risk to Human Health" if: 

 

• No exposure point concentration of OHM is greater than an applicable or suitably 
analogous public health standard;  

• No cumulative cancer risk exceeds the MADEP acceptable limit (10-5); and 

• No cumulative non-cancer risk (e.g., Hazard Index) exceeds the MADEP acceptable limit 
(e.g., HI ≤1). 

 

As described in this report, the cumulative potential cancer risk estimates and the cumulative non-cancer 

Hazard Indices both meet the above Agency guidelines.  Because arsenic, acetone, and tritium exceed 

drinking public health standards for drinking water on the YAEC property, by regulatory definition this 

poses a condition of "Significant Risk to Human Health" according to the MCP.  This condition applies 

only to groundwater in several monitoring wells within the C&A Fill BUD area.  Groundwater from this 

locally impacted area is not currently used as a source of drinking water, nor is it expected to be used in 

the future.  Furthermore, restrictions imposed by the BUD precluded installation of drinking water wells 

within the C&A Fill area.  Nevertheless, as a Potential Drinking Water Source Area, the potential exists 

for groundwater to be used as a source of drinking water in the future (from wells installed outside the 

C&A Fill BUD area), resulting in possible future exposure and potential risk.  Thus, the condition of 

"Significant Risk to Human Health" is not based on current use of groundwater, and only applies to future 

hypothetical uses.  Continued natural attenuation, and risk management controls such as groundwater 
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monitoring and the prohibition on the installation of drinking water wells within the C&A Fill BUD area, 

will mitigate this condition. 

 

 The results of the risk characterization indicate that cumulative cancer risks for the current and 

foreseeable uses of the site (open land/recreation), are below the MADEP 10-5 risk threshold, and 

cumulative HI values are also below one (HI<1).  The same conclusion holds for hypothetical future 

commercial uses of the YAEC property both inside and outside the BUD/TSCA restricted areas.  These 

results support the finding of "No Substantial Hazard" to human health as defined in 310 CMR 40.0956 

of the MCP.  No Activity Use Limitations under the MCP are needed on the YAEC property other than 

the restriction precluding residential development to be placed on the Restricted Use Area, and the 

restrictions imposed by the BUD and the TSCA deed restriction. 

 

 Neither OHM nor radionuclides exceed public health standards on the TransCanada property.  

Similarly, cumulative human health risks for recreation and hypothetical commercial uses are below 10-5 

and no Hazard Index is above one (e.g., HI<1) on the TransCanada property.  These results support a 

finding of No Significant Risk to Human Health on the TransCanada property according to the MCP.  No 

Acitivity Use Limitations under the MCP are needed on the TransCanada property, other than the current 

deed restriction precluding residential development. 

 

 The results of the Method 3 Environmental Risk Characterization found no evidence of 

biologically significant harm, no indication of the potential for biologically significant harm, and no 

concentrations of OHM above applicable or suitably analogous standards in Sherman Reservoir or the 

Deerfield River.  These results support the finding of No Significant Risk of Harm to the Environment 

according to 310 CMR 40.0995 of the MCP. 
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