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E X E C U T IV E  S U M M A R Y  

1 . B A C K G R O U N D  INFO R M A T IO N  

T h e  U .S . D e p a r tm e n t o f E n e r g y  (DO E ) is conduc tin g  a  comprehens ive  rev iew a n d  analys is  to  
eva lua te  p o te n tia l  remed ia l  ac tions  fo r  a  se t o f p rope r ties  in  a n d  nea r  M a y w o o d , N e w  Jersey,  
col lect ively re fe r red  to  as  th e  M a y w o o d  site. C o n ta m ina tio n  a t these  p rope r ties  is a ttr ibuted in  pa r t 
to  tho r i um process ing  o p e r a tions  conduc te d  a t M a y w o o d  Chemica l  Works  ( M C W )  beg inn ing  in  
1 9 1 6 . Remed ia l  ac tio n  is be ing  taken  u n d e r  D O E ’s Former ly  U ti l ized S ites  Remed ia l  A ct ion 
P r o g r a m  ( F U S R A P ) . Responsib i l i ty  fo r  th e  M a y w o o d  site was  ass igned  to  D O E  as  a  
d e c o n ta m ina tio n  research  a n d  d e v e l o p m e n t pro ject  by  th e  U .S . Congress  th r o u g h  th e  E n e r g y  a n d  
W a ter  D e v e l o p m e n t App rop r i a tions  A ct o f 1 9 8 4 . 

To  d e te rm ine  remed ia l  ac tio n  n e e d s  a n d  es tab l ish  appropr ia te  c leanup  goa ls  fo r  th e  M a y w o o d  
site, D O E  is cur ren tly p repar ing  a  remed ia l  invest igat ion/feasibi l i ty s tudy-env i ronmenta l  impac t 
s tatement  ( R B F S - E IS ). Th is  type o f d o c u m e n t is requ i red  by  th e  Comprehens i ve  E n v i r o n m e n ta l  
Response , C o m p e n s a tio n , a n d  Liabi l i ty A ct ( C E R C L A )  o f 1 9 8 0 , as  a m e n d e d , a n d  incorpora tes  th e  
requ i remen ts o f th e  N a tiona l  E n v i r o n m e n ta l  P o licy A ct ( N E P A )  o f 1 9 6 9 . D e tai ls o f th e  R V F S - E IS  
process  a re  descr ibed  in  th e  project  work  p lan  ( A N L  a n d  B N I 1 9 9 2 ) . A s pa r t o f th e  o n g o i n g  
analys is  a t th e  M a y w o o d  site, th is  base l ine  r isk assessmen t ( B R A )  has  b e e n  p repa red  to  eva lua te  
r isk to  h u m a n  hea l th  a n d  th e  env i ronmen t from  th e  rad ioac tive a n d  chemica l  con ta m inan ts in  th e  
absence  o f remed ia l  ac tio n . A s such , th is  B R A  serves as  a  base l ine  fo r  eva lua tin g  ava i lab le  
remed ies . Th is  base l ine  is consistent  wi th C E R C L A  a n d  does  n o t a s s u m e  fu tu re  con trol by  D O E ; 
fo r  pu rposes  o f th e  fu tu re  scenar ios  eva lua tio n , cu r ren t inst i tut ional con trols a re  n o t expec te d  to  
rema in  in  p lace . 

T h e  M a y w o o d  site is located in  no r the rn  N e w  Jersey in  a  h igh ly  deve loped  a rea  app rox ima tely  
2 0  k m  (12  m i) no r th -no r thwes t o f N e w  Yo rk  City a n d  2 1  k m  (13  m i) no r theas t o f Newark , N e w  
Jersey.  M o r e  th a n  8 0  vicinity p rope r ties  b e c a m e  con ta m ina te d  with rad io log ica l  m a terials.  These  
p rope r ties  a re  dist r ibuted in  a n  a rea  app rox ima tely  2 .5  k m  (1 .5  m i) l ong  by  1  k m  (0 .5  m i) w ide  in  a  
n e i g h b o r h o o d  with interm ixed res iden tial, commerc ia l , a n d  indus trial p rope r ties  a n d  a n  ave rage  
popu la tio n  dens i ty o f a b o u t 5 ,0 0 0  to  1 0 ,0 0 0  persons  pe r  squa re  m ile. Th is  a rea  a lso  l ies across  
severa l  m a jor  t ransportat ion corr idors,  inc lud ing  NJ  R o u te  1 7 , U .S . R o u te  4 6 , a n d  In terstate 8 0 . 
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Ecological resources include terrestrial vegetation and wildlife commonly found in regional 
residential/commercial properties similar to Maywood. Freshwater wetlands of intermediate or 
ordinary value cover approximately 4.1 acres of the study area. No endangered or threatened plant 
or animal species inhabit the area. Aquatic habitats include drainageways, small temporary ponds, 
and limited portions of Westerly and Lodi Brooks. The Saddle River and its floodplain constitute 
the most productive habitat in the site vicinity. 

In the RI report (BNI 1992), the properties comprising the Maywood site were grouped into 
four operable units based on land use. These are the Maywood Interim Storage Site (MISS), the 
Stepan Company property, commercial/government properties, and residential properties including 
municipal parks. With such widely distributed properties, average contaminant levels and the risks 
estimated from them would be meaningless. Therefore, for risk assessment purposes several 
smaller property units were defined. A complete listing of all the Maywood site properties 
showing the operable units and property units in which they have been grouped and their current 
status is given in Appendix A. 

In September 1983, the Maywood site was placed on the National Priorities List (NPL) by the 
U.S. Environmental Protection Agency (EPA). A Federal Facilities Agreement (FFA) between 
DOE and EPA now governs the remedial program and specifies DOE cleanup responsibilities. 
Under the FFA, DOE is responsible for cleanup of “FUSRAP waste,” which is specifically limited 
to the following: 

l all radioactive and chemical contamination occurring on or migrating from MISS; 

l all radioactive contamination exceeding DOE action levels and related to thorium processing 
at MCW, occurring on vicinity properties; and 

l any chemical or nonradiological contamination on vicinity properties that would fulfill 
either of the following requirements: 

- the contamination originated at MISS or was associated with specific thorium 
manufacturing or processing activities at MCW that resulted in the radioactive 
contamination; or 

- the chemical or nonradiological contaminants that were mixed or commingled with 
radiological contamination above DOE action levels. 

The Maywood BRA focuses primarily on radionuclide contamination due to the more extensive 
database on radiological contaminants and the expectation that these are the primary contaminants 
from MCW operations. However, chemical contamination at the site also is evaluated using 
available data. The BRA presents estimates of the mean and reasonable maximum exposure 
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(RME) incremental risk levels for human receptors in current and future land use scenarios. The 
relative risks to ecological receptors is assessed using ecological quotients (EQs). The approach 
used.for the Maywood BRA is based on the EPA Risk Assessment Guidance for Super-fund 
(RAGS) (EPA 1989b and 1991~) and related guidance (EPA 1992a). 

2. CONTAMINANTS OF CONCERN 

Numerous radiation surveys and site characterization studies have been conducted at MISS and 
the vicinity properties. Data from these studies and the RI report (BNI 1992) were reviewed and 
used to select contaminants of concern (CGC) for detailed evaluation in the subsequent exposure 
assessment and risk characterization. The geographic distribution of properties and the history of 
numerous characterization studies have produced two distinct data collections, one for radiological 
and one for chemical contaminants; this is reflected in the organization and presentation of data and 
results in this report. 

Data sets were compiled for each of the property units and statistical analyses were performed 
on the aggregated soil radionuclide data. The data sets were examined to identify and group 
properties with similar contaminant levels. Radionuclides were selected as COCs if the range of 
detected concentration exceeded twice the average of background concentrations. The radiological 
COCs selected for this risk assessment are Thorium (Th)-232, Uranium (II)-235, U-238, Radium 
(Ra)-226 and their associated decay products. 

Chemical contaminant sampling data for the MISS and Stepan operable units and two adjoining 
properties were used in the risk assessment. Chemical data were evaluated in accordance with 
EPA guidance (EPA 1989b). Chemicals were selected, as COCs if the frequency of detection 
warranted inclusion under the COC screening criteria and for chemicals which are found naturally 
if the detected average concentrations exceeded twice the average background concentrations. 
Chemical data were aggregated by operable unit, medium, and location of sample within each 
medium before screening. The final list of COCs for the risk assessment is comprised of those 
chemicals that remained after application of the screening criteria and for which appropriate toxicity 
factors were available. The chemical COCs retained for evaluation in the quantitative risk 
assessment included the following: 

92-155bWO32993 ES-3 



Medium Contaminant 
Metals vocs* BNAEs** Pesticides 

soil 7 6 23 0 
Groundwater 13 13 5 1 
Surface water 2 3 0 0 
Sediment 2 0 0 0 
* VGC - volatile organic compounds 
** BNAE - base/neutral and acid extractable 

3. EXPOSURE ASSESSMENT 

In the exposure assessment, a detailed evaluation of each of the property units was completed 
in order to identify and characterize contaminant sources and release mechanisms, transport media, 
exposure points, exposure routes, and human receptors. Human receptors include residents, 
transients, and employees. Two categories of exposure scenarios were considered: current land 
use and hypothetical future use. In the future use scenario, land use could remain as it is now or 
could change, such as a light commercial area converting to residential use in the future, with a 
resident who is assumed to grow a portion of his own food onsite. 

Conceptual site models were developed for these exposure scenarios. Exposure pathways and 
receptors were identified for use in the risk assessment. Exposure point concentrations were 
determined based on measured contaminant concentrations in environmental media of concern 
(particularly surface and subsurface soils) and modeling procedures. 

Radiological exposure rates and doses were calculated using the RESidual RADioactivity 
(RESRAD) computer code. Where measured radon data were not available, inhalation of radon 
progeny was estimated using United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR) methodology. Annual dose estimates are presented in tabular format and 
also in maps prepared to cormspond to DOE guidelines. The annual dose ranges shown in these 
maps are ~10 mrem/yr, lo-25 mtern/yr, 25-100 mrem/yr, 100-500 mrem/yr, and ~500 mrem/yr. 
The rationale for selection of these ranges is given in Section 3. 

Chemical intake estimates are based on EPA methodology presented in RAGS (EPA 1989b) 
and related guidance (EPA 1991b). All estimated intakes are summarized in Appendix E. For the 
MISS and Stepan property units, estimated intakes for incidental soil ingestion were calculated for 
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the current and future employee and transients. Inhalation exposure estimates included inhalation 
of airborne contaminated particulates and radon, where appropriate. Surface soil statistical data 
were utilized to calculate exposure point concentrations for all scenarios. 

. . . 

Average and BME groundwater intakes were estimated for the resident and the future employee 
utilizing the combined alluvial groundwater data from MISS, &pan, and Ballod. It was 
conservatively assumed that 100 percent of the total water intake is derived from the contaminated 
source. 

. 

Average and RME surface water intakes and sediment ingestion were estimated for the future 
child resident wading and playing in Westerly Brook and Lodi Brook. A 50 mUevent contact rate 
was conservatively assumed based on EPA’s recommended contact rate for surface water ingestion 
while swimming. 

For residential properties, exposure to contaminated soils, sediments, and structures may occur 
via complete pathways for inhalation, direct radiation, and incidental soil ingestion for all scenarios 
and receptors. 

There are no current residents at municipal parks, but transients, particularly children, may 
spend extended periods in contact with soil. The present and future use exposure pathways for 
municipal parks include inhalation, direct radiation, and incidental soil ingestion. No complete 
pathways exist for surface water or groundwater at the municipal park property units under current 
use conditions. Complete pathways may exist in the future if these properties are converted to 
residential use. 

4. TOXICITY ASSESSMENT 

Cancer and chemical toxicity are the two general endpoints for health effects from exposure to 
site contaminants. Cancer induction is the primary health effect associated with radionuclides at the 
site, and 21 of the chemical contaminants at the Maywood site are classified by EPA as potential 
carcinogens. Four of the 21 are classified as Group A carcinogens, for which strong evidence 
exists for human carcinogenicity. A number of toxic effects are linked with exposure to 
carcinogenic and noncarcinogenic contaminants. 

, 
\ _/ 

Potential carcinogenic risks from exposure to radiation were estimated by using scientifically 
accepted values to convert estimated doses (in mrem) to the likelihood of cancer induction. The 
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potential for carcinogenic and noncarcinogenic effects of human exposure to chemicals was 
quantified using standard EPA slope factors and reference doses. 

5. RISK CHARACTERIZATION 

Risk estimates were developed for reasonable current use and hypothetical future use scenarios 
for human receptors at the Maywood site. Human receptors include residents, employees, and 
transients (visitors, customers, trespassers, commuters). Radiological risks and chemical risks are 
estimated separately. 

For the radiological assessment, risk is defined as the lifetime probability of cancer morbidity 
and does not include genetic or noncarcinogenic effects. For the chemical COCs, cancer risk 
estimates and hazard index (HI) estimates are presented, as appropriate, where toxicity values are 
available. 

Cancer risks are estimated as the incremental probability of an individual developing cancer 
over a lifetime as a result of pathway-specific exposure to carcinogenic contaminants. EPA has 
identified a target range of acceptability of 10q4 to 10-6 for the incremental cancer risk to an 
individual from exposures at NPL sites. The potential for noncarcinogenic effects from chemicals 
is evaluated by summing the ratios of intake to chronic reference dose values. This ratio of 
exposure is called a hazard quotient (HQ). HQs for each CGC are then summed to obtain an HI 
for the specific pathway. When the HI exceeds unity, there may be concern for adverse 
noncarcinogenic health effects from exposures. 

5.1 Radiological Risk 

The radiological health risks are limited to induction of cancer. Risk from exposure to 
radioactive contaminants was estimated following EPA (EPA 1989d), BEIR IV (NRC 1988) and 
BEIR V (NRC 1990) recommendations. A population-weighted average excess cancer risk of 6 x 
10-7 per mrem was assumed. 

For the current use scenario, reasonable maximum risk estimates exceed the target range for 
residents at the I-80 South right-of-way and Long Valley Road (Residential, Property Unit 1); for 
transients at the field on MISS property, in front of Building 76 (MISS, Property Unit 6H); and 
current employees at Stepan (Stepan, Property Units 3 and 3H), MISS (MISS, Property Unit 6), 
and Sears/DeSaussure (Commercial/Government, Property Unit 7H). 

- 

\-- 
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For the hypothetical future use scenario, estimated radiological risks for RME receptors at all 
property units, except for future residents on Branca Court and Redstone Lane (Property Unit 2), 
exceed the EPA target risk range. Dominant exposure pathway risks in the future use scenarios are 
similar to those in the current use scenario with direct gamma irradiation and radon contributing 
most of the radiological risk to the resident and employee receptors and direct gamma irradiation 
contributing most of the radiological risk to transients. 

The projected excess cancer rate for the total population within 80 km (50 mi) around the 
Maywood site is approximately 600 cancers per 10 million people. This constitutes less than 1 
percent of the total local cancer incidence rate attributable to background radiation (100,000 cancers 
per 10 million people). 

5.2 Chemical Risk 

Chemical cancer risk and health hazard were estimated for chemicals of concern based on EPA 
risk assessment guidance (EPA 1989b, 1992d). The cancer risk from exposure to contaminants is 
expressed as the increased probability of developing cancer over a 70-year lifetime. The potential 
for adverse noncarcinogenic health effects is expressed as an HI, the sum of chemical-specific 
HQs. 

Under the current use scenario, none of the estimated cancer risks exceeded the EPA target risk 
range for employees or transients at MISS or Stepan. The principal contributors to risk from soil 
ingestion were arsenic and polyaromatic hydrocarbons (PAHs) at both properties. For airborne 
particulate inhaiation, chromium was the sole contributor to risk at MISS as was arsenic at Stepan; 
however, risks could not be calculated for PAHs because no inhalation slope factors were available 
for PAHs. 

The HIS for current employees and transients at MISS and Stepan were less than one, 
indicating no concern for potential adverse noncancer health effects. Chromium, lithium, and 
uranium were the principal contributors to the health hazard at MISS with arsenic and uranium the 
principal contributors at Stepan. 

For the hypothetical future use scenario, none of the estimated cancer risk exceeded the EPA 
target range, except for groundwater ingestion. Groundwater contamination was considered as a 
continuum; therefore, separate risks were not calculated for individual properties. The risk 
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attributable to ingestion of bedrock groundwater was less than that projected for the shallow 
(alluvium) groundwater. 

The cancer risk from soil ingestion and particulate inhalation for future employees and 
transients at MISS and Stepan are the same as the current use scenario and did not exceed the EPA 
target risk range. The estimated cancer risk for a future resident child ingesting surface water while 
playing in Westerly Brook was 2 x 10-T. There are no slope factors for estimating exposure 
through sediment ingestion from Lodi Brook. 

The principal noncancer health hazard under the hypothetical future scenario is groundwater 
ingestion. No other complete pathways for which HIS could be calculated exceeded the concern 
threshold of one. In shallow (alluvium) groundwatcr, arsenic, chromium, lithium, and manganese 
contributed principally to the HI. 

5.3 Overall Health Risk 

To lend perspective for overall site risk, radiological and chemical carcinogenic risks for 
current and hypothetical future receptor scenarios were summed. Since insufficient data are 
available to calculate chemical risks for all property units, the summation encompasses only the 
MISS and Stepan properties. Aggregate cancer risk is 6x10-3 for employee RME exposure at 
MISS. The aggregate exposure is less for Stepan employees. For current and future scenarios, 
potential radiological risks are generally higher than chemical risks except for groundwater 
ingestion. 

5.4 Uncertainties Related to Risk Estimates 

Uncertainties attributable to the numerous assumptions incorporated in the risk estimations are 
inherent in each step of the risk assessment process. These uncertainties am discussed in detail in 
Section 5. A key factor affecting the exact identification of COCs for the Maywood site is 
associated with the limitations imposed by the available database, especially the limited data 
available for chemical contaminants. In addition, the COCs identified for the BRA might include 
chemicals that contribute to overall site risk but are not necessarily attributable to past thorium 
processing activities at the site. 

Uncertainty is associated with each step of the risk assessment process. For example, 
sampling locations are preferentially selected where higher contamination is expected, not all 
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analytes are sampled for all locations and media, a wide variation in future exposure pathways 
could be considered, and some toxicity data are not available. Although several procedures used 
and the limitations in available information will, in some cases, result in under estimates, the 
conservative assumptions used in this BRA tend to over estimate potential risks. Therefore, actual 
risks may be lower than those presented in this assessment. 

. Because of the inherent uncertainties in the risk assessment process, the results of the human 
health assessment presented in this BRA do not represent absolute risk. Rather, estimated risks 
should be considered to represent the most important sources of potential risk at the site, which, 
once identified, might be evaluated in more detail and remedied, as appropriate, during the remedial 
action process. 

6. ECOLOGICAL ASSESSMENT 

The Maywood site, located in an urban and industrialized area, nonetheless contains ecological 
resources including aquatic, terrestrial, and wetland ecosystems. No threatened or endangered 
species identified by the U.S. Fish and Wildlife Service (FWS) are known to inhabit the site. 
Habitats and biota occurring at the Maywood site are not viewed as unique or unusual, or 
necessary for continued propagation of key species. The significance of the Maywood site with 
regard to local ecological resources may be minimal, and intensive field studies for possible 
impacts to biota from site contaminants may not be warranted when literature findings could be 
sufficient. 

. 

. . 

I 
L 

Sixty-two chemicals were recognized as potential ecological COCs. Most of these chemicals 
were found above background levels in the surface soils at MISS, Stepan, commercial/government 
and residential vicinity properties, alluvial groundwater at the MISS/Stepan/Ballod property, and 
surface water and sediments in Westerly and Lodi Brooks. Calcium, potassium, and sodium were 
eliminated from the risk characterization because they ate essential biological minerals. There are 
no readily available terrestrial wildlife toxicity data for radium, thorium, and uranium (or their 
isotopes) at the Maywood site. The risk assessment for metals and other elements and volatile and 
semivolatile organic chemicals relies on aquatic and oral toxicity data for laboratory animals that 
were gathered from compendia of published studies, e.g., Long and Morgan (1990), AQUIRE 
(1992). When the observed environmental concentrations and physical-chemical parameters of 
CQCs were compared to toxicity, mobility and persistence thresholds, 40 of these emerged as the 
contaminants of ecological concern. The ecological quotients (EQs) for those contaminants 
exceeding their toxicity thresholds ranged from 2.1 to 98 (mean) and 2.1 to 15,053 (RME). Ratios 
which exceed 1 by a significant margin are of concern. The ecological CQCs consist of radium, 
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thorium, and uranium (and their isotopes), 14 elements (metals and ram earths), 22 volatile and 
BNAE organic chemicals, and one organic pesticide. 

Chromium, barium, lead, and copper had the highest EQs at Maywood operable units. Barium 
and lead exceeded 1,000 in soils at commercial/government properties as did hexavalent chromium 
in MISS soil, and lead in residential vicinity property soils. The EQs of copper and hexavalent 
chrome exceeded 100 in commercial/government property soils, as did copper and lead in MISS 
soils. Lead’s EQ exceeded 100 in Stepan soils. Arsenic, chromium, copper, and lead in 
groundwater at the MISS/Stepan/Ballod property had EQs between 10 and 100. Zinc and 
phenanthrene had EQs between one and 10 in MISS/StepanBallod groundwater and Stepan soils, 
respectively. EQs for the other organic COCs and lithium in MISS, Stepan, 
commercial/government vicinity property soils, MISS/Stepan/Ballod groundwater, and Westerly 
Brook surface water were not calculated. 

The relative risks of Maywood CQCs to ecological receptors exposed via different modes and 
pathways are assessed using exposure quotients (XQs) which are the ratio of exposure 
concentrations (i.e., the environmental concentration corrected for exposure) to the toxicity 
threshold concentration. When hypothetical exposure is considered, the heavy metals with many 
XQs > 104 present the greatest ecological risk to both onsite and offsite terrestrial receptors. 
Terrestrial organisms exposed onsite via direct contact with contaminated media or trophic 
pathways are subject to the greatest risk from arsenic and chromium in MISS/Stepan/Ballod 
groundwater, lead in soils at all sites, and chromium in MISS soil (all XQs > 102 except that for 
arsenic). Terrestrial organisms are exposed to an unknown degree of risk from the organics. All 
COCs pose a lower relative risk to offsite terrestrial predators because offsite receptors are 
hypothesized to experience no less than a tenth of this exposure. 

The numerous COCs with large EQs and XQs strongly indicate that, in the absence of 
remediation, both onsite and offsite terrestrial organisms and populations at Maywood properties 
will continue to be at risk of adverse ecological effects. 
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1. INTRODUCTION 

L.- 

_ 

-. 

The U.S. Department of Energy (DOE) is preparing a remedial investigation/feasibility study- 
environmental impact statement (R.I/FS-EIS) for a group of properties in and near Maywood, New 
Jersey, collectively referred to as the Maywood site. These properties were contaminated 
beginning in 1916, primarily as a result of thorium processing. DOE is responsible for cleanup 
activities at this site under its Formerly Utilized Site Remedial Action Program (FUSRAP). 

The U.S. Atomic Energy Commission (AEC), a predecessor agency of DOE, established 
FUSRAP in 1974 to identify and decontaminate sites where radioactive contamination remained 
from activities carried out under contract to the Manhattan Engineer District (MED) and AEC. 
Responsibility for the Maywood site was assigned to DOE as a decontamination research and 
development project under FUSRAP by the U.S. Congress through the Energy and Water 
Development Appropriations Act of 1984. 

As part of the ongoing analysis at the Maywood site, this baseline risk assessment (BRA) has 
been prepared to evaluate risk to human health and the environment from the radioactive and 
chemical contaminants at the site. This BRA will be used to support future decisions on remedial 
activities to be implemented at the site. 

This section presents a brief description of the overall site and its background. Section 1 also 
advances the objectives and scope of this study, followed by an overview of report organization. 

1.1 RJ3SPONSIBILITIES AND OBJECTIVES 

-- 

._ 

.- 

DOE is a responsible party for cleanup activities at the site under FUSRAP. The primary goal 
of FUSRAP is to mitigate potential hazards to human health and the environment. To determine 
and establish cleanup goals for the Maywood site, DOE is preparing an RI/FS-EIS, as required by 
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA), as amended, and the National Environmental Policy Act of 1969 (NEPA). Details of 
the RI/FS-EIS process are described in the project work plan (ANL and BNI 1992). The 
Maywood BRA is a component of the process. It addresses potential risks to human health and the 
environment associated with contamination present at the various properties comprising the 

..-_ Maywood site in the absence of remedial action. 
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1.1.1 Environmental Compliance Process 

The assessment of potential baseline health risks and environmental impacts associated with a 
contaminated site is an important component of the RI/F!3 process, which is the framework the 
U.S. Environmental Protection Agency (EPA) developed to evaluate remedial alternatives for 
hazardous waste sites under CERCLA. DOE is incorporating NEPA values into its CERCLA 
process, so that all the environmental consequences of a proposed action will bc considered as part 
of the decision-making process for that action. Hence, the primary evaluation documents of an 
RRFS under CERCLA have been supplemented to incorporate elements of an EIS under NEPA. 
The resultant document is, therefore, referred to as the RI/IS-EIS. In integrating NEPA values 
into CERCLA documentation, the RI generally incorporates the affected environment portion of an 
EIS; the BRA provides information for evaluation of the no-action alternative, and the FS provides 
the detailed evaluation of the alternatives. The environmental compliance documents for the 
Maywood site are being developed in coordination with EPA Region II and the state of New 
Jersey. 

The results of the RI/FS-EIS documents will be summarized in a proposed plan, which 
identifies the preferred alternative for site remediation. The documents will be issued for public 
comment. Public involvement is considered an important component of the decision-making 
process for site remediation. Responses to public comments on the RVFS-EIS and proposed plan 
will be incorporated into a responsiveness summary and a record of decision (ROD). Following 
this decision, remedial design and remedial action activities will be planned and implemented at the 
site. 

1.1.2 Objectives of the BRA 

There is the potential for uncontrolled releases of contaminants to the environment from 
exposed surface and subsurface disposal areas and contaminated soils at the Maywood site. 
Contaminants could be released from these sources via infiltration and percolation, surface runoff, 
and particulate or gaseous emissions. Direct external radiation exposure or dermal exposure at the 
site is also a possibility. If not properly controlled, exposures to the contaminants could be 
increased by natural or anthropogenic disturbances. 

The goal of the risk assessment process is to focus on providing the information necessary to 
justify remedial action at a site and to facilitate selection of the best remedy for the site. The 
specific objective of this BRA is to assess the potential impacts on human health and the 

/ 
i-/ 

- 

-’ 
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environment that may result from releases of, or exposure to, radiological and chemical 
contaminants under current and future average and reasonable maximum exposure (RME) 
conditions for the various Maywood scenarios and receptors. 

This BRA identifies the primary sources/release mechanisms, environmental transport media, 
principal exposure points and principal exposure routes/receptors at Maywood properties. The 
potential health risks and ecological impacts will be documented for the current and future land 
uses in the absence of remedial action. It, therefore, also satisfies CERCLA/NEPA requirements 
to complete a detailed no-action alternative analysis. This analysis, together with the RI report 
(BNI 1992), will serve as the primary means of documentation of the no-action alternative. 
Further, the information from the BRA will aid in the development of FS activities and focus 
development of remedial alternatives. 

1.2 SITE BACKGROUND 

1.2.1 General Site Description - Operable Units and Property Units 

The Maywood site is located in northern New Jersey in a highly developed (industrial and 
residential) area approximately 20 km (12 mi) north-northwest of New York City and 21 km (13 
mi) northeast of Newark, New Jersey. Politically, it is located in the boroughs of Maywood and 
Lodi, and the township of Rochelle Park, all of which are in Bergen County, New Jersey 
(Figure l-l). The Maywood site became contaminated primarily as a result of thorium processing 
operations conducted for 40 years at Maywood Chemical Works (MCW) (Figure l-2). More than 
80 vicinity properties became contaminated with radiological materials as a result of waste disposal 
operations, construction activities, and surface water movement. 

-- The RI report groups the vicinity properties into four operable units based on land use. These 
are represented as follows: (1) MISS, (2) the Stepan Company property, 
(3) commercial/government properties, and residential properties and municipal parks. For risk 
assessment purposes, a further division into smaller units is necessary because with such widely 
distributed properties, average contaminant levels and the risks estimated from them would be 
meaningless. Therefore, several small units were defined in which there are one or more 
properties with similar contamination histories and land use. These am designated “property units” 
and are shown as numbered units in Figure 1-2. 
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The radiological data were aggregated by land use and radionuclide concentration. A proxy 
value referred to as the average contaminant level was created to account for the presence of 

L multiple radionuclides within a single sample. Radionuclide concentration ratios were developed 
by dividing the measured Radon(Rn)-226, Thorium(Th)-232, and Uranium(U)-238 concentrations 
for each sample by their respective DOE soil guidelines [S pCi/g of Radium(Ra)-226 and Th-232 in 
surficial soils (0 to 15 cm), 15 pCi/g in subsurface soils (>15 cm)]. U-238 guideline concentration 

- 

-. 

estimates are shown in Table l-l. An estimated U-238 guideline of 60 pCi/g was used for all soil 
horizons. This value was taken from site-specific guidelines developed by DOE for a site with 
similar contamination and land use. The average contaminant level of a sample is defined as the’ 
sum of the radionuclide concentration ratios for each analyte within the sample. An average 
contaminant level above one indicates that the sample exceeds the DOE soil criteria. Average 
contaminant levels for individual sample locations were calculated from all of the samples collected 
at that location. Average contaminant levels by property were then determined using all of the 
samples collected at each property. The properties within each operable unit were ranked 
according to average contaminant level; results are shown in Table l-2. Properties with average 
contaminant levels below the DOE soil criteria were segregated by operable unit. Properties with 
average contaminant levels above the criteria were investigated by plotting contaminant 
concentration by individual borehole. The plots were reviewed to identify contiguous areas where 
sample location contaminant levels exceeded the DOE criteria by more than an order of magnitude. 
These contiguous areas of anomalous contamination were aggregated separately. 

Table 1-3 provides the correlation of operable units and property units. Numbering of the 
property units is arbitrary and is not in any specific sequence. However, in order to maintain the 
correlation of property units used in this BRA with operable units used in the RI report (BNI 
1992), both are presented in a consistent order in the following sections of this report. Appendix 
A lists all the Maywood site properties showing the operable units and property units in which they 

-. have been grouped and their current status. 

--- 

.- 

MISS is a 4.7-ha (11.7-acre) fenced lot on the northwestern comer of what’was originally a 
12.1-ha (29.9-acre) property owned by the Stepan Company. The site contains a waste storage 
pile consisting of about 27,000 m3 (35,000 yd3) of contaminated materials, two buildings 
(Building 76 and a pumphouse), a reservoir, and two rail spurs (Figure l-3). The lot is bounded 
on the west by Route 17; on the north by the New York, Susquehanna, and Western Railroad line; 
and on the south and east by commercial and industrial areas. MISS is the only property at the 
Maywood site that DOE owns and directly controls. Residential units are located north of the 
railroad line and within 100 m (328 ft) to the west of MISS. 
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Table 1-1. ti-238 Guideline Concentration Estimates 

Receptor 

Transient 
Transient 
Employee 
Employee 
Adult Resident 
Child Resident 
Adult Resident 

Unit Dose per pCi/g (2) 100 mrem/yr equals (3) 
Exposure Current (1) Future (1) Current Future 

(mrem/yr) (mremlyr) ww tPwY$ 
1.6E-03 1.6E-03 62,000 62,000 

mean 1.3E-03 1.3E-03 79,000 79,000 
4.1E-02 5.2E-02 2,500 1,900 

mean 3.6E-02 4.2E-02 2,800 2,400 
mean l.lE-01 1.5E-01 900 700 
mean l.lE-01 1.5E-01 900 700 
Default 4.3E-01 2.OE+OO 200 50 

(4) 

1) Exposure scenarios defined in Section 3. 
2) Assuming a 2m thick source containing 1 pCi/g of U-238+Decay Products and U-234, and 

0.05 pCi/g of U-235+Decay Products. 
3) Concentration of U-238 that would produce 100 mrem/yr. 
4) RESRAD default resident farmer scenario. 
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Table 1-2. Average Radionuclide Contaminant Levels(l) 

Property Ratio 

esrdentzal . . ProDerties 
19 Redstone Lane 
70 West Hunter 
99 Garibaldi Avenue 
4 Branca Court 
106 Columbia Lane 
14 Long Valley Road 
62 Trudy Drive 
2 Branca Court 
11 Branca Court 
4 Hancock Street 
108 Avenue East 
113 Avenue East 
17 Redstone Lane 
5 Hancock Street 
9 Hancock Street 
24 Long Valley Road 
6 Branca Court 
7 Hancock Street 
Interstate 80 East 
8 Hancock Street 
79 Avenue B 
10 Hancock Street 
90 Avenue C 
112 Avenue East 
136 West Central 
7 Branca Court 
5 Hancock Street 
26 Long Valley Road 
16 Long Valley Road 
11 Redstone Lane 
18 Long Valley Road 

0.03 
0.13 
0.19 
0.19 
0.20 
0.21 
0.24 
0.27 
0.27 
0.27 
0.28 
0.29 
0.30 
0.3 1 
0.33 
0.35 
0.36 
0.38 
0.53 
0.53 
0.56 
0.57 
0.60 
0.67 
0.68 
0.70 
0.86 
0.96 
1.04 
1.15 
1.28 
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Table 1-2. (continued) 

Property Ratio 

22 Long Valley Road 
20 Long Valley Road 
Srepan Property 
stepan 
Commercial/Government Properties 
72 Sydney Street 
100 Hancock Street 
160074 Essex Street 
80 Hancock Street 
I-80 North 
205 Maywood (Myron) 
80 Industrial Road 
113 Essex - NCB 
200 Route 17 
Muscarelle 
Bergen Cable 
NJ Vehicle Inspection Station 
Gulf Station 
Sunoco Station 
Federal Express 
Hunter Douglas 
Scanel Properties 
Sears Property 
Ballod Property 
DeSaussure Property 

S  ProDertieg 
NJ Route 17 
M ISS Pile 
M ISS Onsite 

1.54 
1.71 

2.60 

0.02 
0.07 
0.10 
0.11 
0.13 
0.16 
0.18 
0.19 
0.23 
0.27 
0.82 
0.90 
1.01 
1.04 
1.40 
3.35 
4.14 
4.56 
5.20 
10.59 

0.87 
1.50 
7.47 

92-155MLl032993 l-9 



Table 1-2. (continued) 

PropeflY 

Parks 
J.F. Kennedy Park 

1) Average contaminaut level is the sum of the radionuclide concentration ratios for each analyte 
within the sample, averaged over all samples collected at each property. 
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Table 1-3. Property Unit Designations 

Property unit 

Number 

MISS OPERABLE UNIT 

Name 

6 MISS Property 
NJ Route 17 
New York, Susquehanna, and Western Railroad 
MISS Pile 

STEPAN OPERABLE UNIT 

3 Stepan Property 

3H Elevated Contamination Area 

COMMERCIAL/GOVERNMENT OPERABLE UNIT 

Sidney Street Auto Salvage 
Muscarelle Associates 
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Table 1-3. Property Unit Designations (continued) 

RESIDENTIAL OPERABLE UNIT 

1 Long Valley Road (14,24) 
Interstate 80 (East Bound Right-of-Way) 
Branca Court 
Hancock Street 
Columbia Lane 
Avenue E 
West CentrsJ 
Redstone Lane (18; 19) 
Trudy Drive 
West Hunter, Avenue B 
Avenue C 
Garibaldi Avenue 

2 Redstone Lane (11) 
Long Valley Road (16, 18,20,22,26) 

WSIDENTIAL (MUNICIPAL PARK) OPERABLE UNIT 

Lodi Municipal Park 
Lodi Fire Station 
J.F. Kennedy Park 
Fireman’s Memorial Park 

iid 
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The more-than-80 contaminated vicinity properties are distributed in an area approximately 
2.5 x 1 km (1.5 x 0.5 mi) in a neighborhood with an average population density of about 5,000 to 
10,000 persons per square mile. This area also lies across several major transportation corridors, 
including NJ Route 17, U.S. Route 46, and Interstate 80. In Rochelle Park, the contaminated 
properties include the Ballod property and nine residential units on Grove Avenue and Park Way. 
In Maywood, they include the Stepan Company property, eight residential properties on Davison 
and Latham Streets, one residential property on West Central Avenue, part of Route 17, the Scanel 
property (vacant), the Sears warehouse, the Sears small truck repair shop, and eight other 
commercial properties. In Lodi, they include 50 residential, commercial, and governmental 
properties on Trudy Drive, Hancock Street, Branca Court, Long Valley Road, Essex Street, 
Redstone Lane, Columbia Lane, Garibaldi Street, Sidney Street, and Avenues B, C, E, and F. 
Twenty-five of the 82 designated properties are fully decontaminated, and one is partially 
decontaminated. The remaining properties were grouped into 12 smaller property units for this 
BRA on the basis of similarity of contamination. Appendix A gives the status of all of the 
individual site properties. 

d 

- 

1.2.2 Site History 

MCW was founded in 1895. In 1916, the company began extracting thorium and rare earths 
from monazite sand for use in manufacturing industrial products such as mantles for gas lanterns. 
The manufacturing process involved the production of mantle-grade thorium nitrate. MCW also 
produced lithium compounds such as lithium hydroxide and lithium chloride, detergents, alkaloids, 
and essential oils. In 1954, AEC licensed MCW to possess, process, manufacture, and distribute 
radioactive materials under the Atomic Energy Act of 1954. Thorium extraction stopped in 1956, 
but MCW continued processing stockpiled material until 1959. 

Process wastes from manufacturing operations were pumped to two areas surrounded by 
earthen dikes on property west of the plant. Some of the contaminated wastes appear to have 
migrated onto adjacent properties along Grove Avenue and Park Way. In 1932, Route 17 was 
built through the MCW property over the earthen dikes, separating the property into two areas. 
Several tunnels were constructed under Route 17, apparently to allow continued access between 
the two areas.. 

Contaminated materials also were dispersed from MCW to vicinity properties in the form of 
fill. Although the fill consisted primarily of tea and coca leaves, it was mixed with thorium- 
processing wastes from the plant. In 1928, wastes were brought to several nearby areas for use as 

-- 

- 

- 

92-155MLl032993 1-14 

L’ 

- 



- 
‘\ - 

mulch and fill. During 1944-46, wastes were transported to a vacant lot at 464 Davison Street for 
surface grading and for filling a ditch that extended across several lots between Davison and 
Latbam Streets (see Figure l-2). Residents incorporated some of the fill on the 464 Davison Street 
lot into the lawns and gardens of nearby properties. A house was constructed on the vacant lot in 
1967. 

- Additional contaminated materials migrated from the site through the stream channel. Old 
photographs and maps indicate that the course of a previously existing stream (Lodi Brook), 
whose headwaters originate near MCW, closely coincides with the distribution of contaminated 
materials (see Figure l-2) in the Borough of Lodi (Mata 1984). Most of the original stream 
channel has since been replaced by a subsurface storm drain system. 

Before 1984 radioactive contaminated wastes were buried at eight locations on the 
MCW/Stepan Property. The eight burial areas on the Maywood site (Areas IB-VIIIB on Figure I- 
3), along with two areas on the Ballod Associates property and a portion of Route 17, cover much 
of the previously diked areas mentioned above (ANL 1984). 

- The Stepan Chemical Company (now called the Stepan Company) purchased MCW in 1959. 
Although the Stepan Company itself was never involved in the manufacture or processing of any 
radioactive materials, the company in 1961 was issued an AEC radioactive materials storage license 
because of the contaminated wastes buried on site. 

In 1963 the Stepan Company began performing several remedial actions onsite. Between 1966 
and 1968, contaminated material from west of Route 17 was removed and buried on Stepan 
Company property at Burial Sites 1,2, and 3 (see Figure l-3). Several radiological surveys of the 
Stepan Company site and vicinity were conducted to identify the locations of radioactive 
contamination resulting from past manufacturing and processing activities. Limited chemical 
sampling was also performed. 

In December 1982, EPA proposed to include the Maywood site, designated as the “Maywood 
Chemical Company Site,” on its National Priority List (NPL). This listing occurred on September 
8, 1983. 

DOE was authorized to undertake a decontamination research and development project at the 
Maywood site by the Energy and Water Appropriations Act of 1984, and the site was assigned to 
FUSRAP. In 1985 DOE negotiated access to a 4.7-ha (11.7-acre) portion of the Stepan Company 
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property to use as a storage facility for contaminated materials in order to expedite cleanup of the 
vicinity properties. This area on the Stepan Company property was designated as MISS. 
Subsequently, DOE began a program of removal actions at the vicinity properties and 
environmental monitoring at MISS. In September 1985, ownership of MISS was transferred to 
DOE. 

Removal actions at vicinity properties began in 1984. During this time, approximately 
27,000 m3 (35,000 yd3) f o contaminated materials were removed from the Ballod property and 
from 17 vicinity properties located on Davison Avenue, Latham Street, Grove Avenue, and Park 
Way in Maywood and Rochelle Park. These materials were stored in an interim storage cell at 
MISS. During 1985, an additional 380 m3 (500 yd3) of contaminated materials were removed 
from eight vicinity properties located on Avenue C, Avenue F, Hancock Street, and Trudy Drive in 
Lodi and another portion of the Ballad property in Rochelle Park. These materials were added to 
the storage cell on MISS. An additional removal action was undertaken in 1991. Radiologically 
contaminated waste that was removed from a residential property in Lodi is being stored in 
Building 76 on MISS. Environmental monitoring of MISS and surveying of the vicinity properties 
continue. 

1.2.3 Summary of Site Contamination 

Numerous investigations have been performed on the Maywood site. Information on the most 
recent sampling and analyses is presented in the RI report (BNI 1992). Surface soils, subsurface 
soils, groundwater, surface water, and sediments have all been sampled and analyzed for 
radiological and chemical contamination. Structures and air have also been sampled and analyzed 
for radionuclides. 

Lead agency responsibility for cleanup of FUSRAP waste and chemical contamination lies with 
DOE and EPA, respectively, at the Maywood Chemical Company NPL site. DOE’s lead agency 
responsibility and EPA’s oversight role for cleanup of FUSRAP waste (and chemical 
contamination that meets the definition of FUSRAP waste) is set forth in the Federal Facility 
Agreement (FFA) between DOE and EPA Region II. As defined in the FFA, “FUSRAP waste” is 
specifically limited to: 

l all radioactive and chemical contamination, whether commingled or not, occurring on 
MISS: 

- 

- 
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l all radioactive contamination exceeding DOE action levels and related to thorium processing 
at MCW, occurring on vicinity properties; and 

L 
l any chemical and nonradioactive contamination on vicinity properties that would fulfill 

either of the following conditions: 

- the contamination is mixed or commingled with radioactive contamination exceeding 
DOE action levels, or 

-- 
- the contamination originated at MISS or was associated with specific thorium 

manufacturing or processing activities at MCW that resulted in the radioactive 
contamination. 

- 

The BRA examines both radioactive and chemical contamination occurring on MISS, whether 
or not they are commingled. The radiological and chemical COCs are discussed in Section 2. The 
actual onsite or offsite origins of chemical contaminants in groundwater have proved indeterminate. 
Based on the results of the RI, the extent of chemical contamination in groundwatcr currently can 
not be determined. A groundwater sampling plan has been developed and approved. Ongoing 
studies by the Stepan Company under the direction of EPA Region II also may provide additional 
information concerning chemical contaminants. 

1.3 SCOPE OF THE BRA 

Remedial and removal actions conducted by DOE at the Maywood site are being coordinated 
with EPA Region II under CERCLA as amended by the Superfund Amendments and 
Reauthorization Act (SARA). In addition, all DOE activities must comply with NEPA, which 
requires that the environmental consequences of a proposed action be considered as part of the 
decision-making process for that action. The activities and environmental compliance documents 
for the Maywood site are being developed in coordination with EPA Region II and the state of 

- 

. 

- 

New Jersey. These documents will be issued for public comment. The assessment of potential 
baseline health risks and ecological impacts associated with a contaminated site is an important 
component of the RI/F% process. This BRA includes the determination of mean (i.e., central 
tendency value) and reasonable maximum individual human risks potentially resulting from 
exposure to contaminants at each property unit comprising the operable units (OUs) designated in 
Table l-3, as well as an estimate of human population risk and an ecological risk assessment 
(ERA). The approach used for the Maywood BRA is based on EPA Risk Assessment Guidance 
for Superfund (RAGS) (EPA 1989b, 1992d). 
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The scope of the study is to use site-specific data to the extent necessary to isolate localized 
areas of elevated contaminant concentrations and to evaluate risk. The data in the Rl report and 
those found in previous reports (references listed in Appendix A) were used to identify and screen 
potential COCs for risk evaluation. That evaluation focused primarily on the comparison of site 
concentrations to background concentrations, as described in Section 2, and evaluation of sample 
quantitation limits, as well as consideration of detection frequency. Exposure point concentrations 
were estimated for the COCs, and were used to estimate potential exposure and lifetime risk for 
various combinations of locations, receptors and exposure scenarios. These are compared with 
DOE and EPA guidelines for exposure and risk. The determination of final cleanup criteria is 
beyond the scope of the BRA and will be addressed in the FS-EIS, proposed plan, and ROD for 
the site. 

- 

1.3.1 Time Period 

Because DOE is responsible for the cleanup of this site and is committed to pursuing a timely 
response, the time period considered as the hypothetical future in this assessment of risks for the 
no-action alternative is the immediate future (i.e., the next 100 years). Thus, further dispersal of 
contaminants that would occur over very long time periods has not been considered in the BRA. 
Current contaminant concentrations in the environmental media identified for this site are assumed 
for each scenario evaluated, including the future scenarios. The RESRAD computer code, Version 
4.6, used in this analysis can estimate doses at specified future times. However, the ability of this 
or any currently available model to accurately predict contaminant fate and transport and resultant 
exposure and risk at distant future times is highly uncertain. The estimated doses for each future 
scenario were conservatively assumed to be the maximum annual doses within a 1 ,OOO-year time 
span. These doses typically were found at either the present (i.e., for areas with predominantly 
surface soil contamination) or at approximately 150 years in the future (i.e., for areas with 
predominantly subsurface soil contamination). For the radiological COCs at least, this assumption 
yields the maximum estimates of dose and risk. 

1.3.2 Exposure Scenarios 

Under the CERCLA process, a BRA typically considers impacts that could occur if remedial 
action was not performed at a site. It assesses impacts for reasonable exposure scenarios under 
both current conditions and projected future conditions. Under the NEPA process, the impact 
assessment for the no-action alternative typically addresses the status quo at the site, which 
includes the retention of existing institutional controls (e.g., access restrictions and monitoring) up 

L - 

- 
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to the next 100 years. This risk assessment assumes that the heavy industrial property land use 
does not change. The exposure assessments presented in Section 3 of this document address, in 
detail, the potential receptors and locations selected to assess baseline impacts for the Maywood 
site. 

1.4 REPORT ORGANIZATION 

This report was organized according to the suggested EPA RAGS outline (EPA 1989b) with 
minor modifications to address NEPA considerations and DOE programmatic guidance. 

Section 2, Identification of Contaminants of Concern, reviews existing radiological and 
chemical data collected from the site and stiounding area and identifies the data and contaminants 
of concern used in this risk assessment. 

Section 3, Exposure Assessment, briefly describes those physical features of the Maywood 
site that affect the risk assessment, especially in terms of fate and transport of hazardous 
substances present at the site. Also, Section 3 summarizes site characteristics pertinent to the 
exposure assessment, develops exposure point concentrations, identifies potentially exposed 
populations, and defines primary exposure pathways. Exposure point concentrations are estimated 

-- for each selected exposure pathway and property. 

Section 4, Toxicity Assessment, discusses human health effects of each category of COC and 
presents quantitative toxicity values for those contaminants. 

- 

Section 5, Risk Characterization, presents estimates of incremental risk from each selected 
COC and exposure pathway for designated property units, which comprise the OUs, for each 
receptor identified in Section 3. 

Section 6, Ecological Assessment, presents a framework for evaluating potential effects on 
biota from the contamination at the Maywood site. 

‘\ - 
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2. IDENTIFICATION OF CONTAMINANTS OF CONCERN 

2.1 SOURCES, TYPES, AND DISTRIBUTION OF CONTAMINANTS 
-_ 

The purpose of this section is to describe the process of identifying COCs and to present a 
summary of those selected for modeling exposure and risk. An important part of the process is 
evaluating not only the types and sources of contamination, but also the sampling, analysis, and 
modeling procedures used to estimate contaminant concentrations and distribution relative to the 
properties, media, and receptors that comprise the Maywood site. 

- 
The geographic distribution of properties over a large area and the history of numerous 

characterization studies have produced two distinct data collections, reflected in the organization 
and presentation of data and results. One is for radiological contaminants, and one is for chemical 
contaminants. 

2.1.1 Radiological Contaminants 

- 
Radiological contamination data have been collected in many surveys and characterization 

-/ - studies conducted since 1980. These are discussed in the RI report (BNI 1992) and the work plan 
for the Maywood site (ANL and BNI 1992). The Nuclear Regulatory Commission (NRC) 
requested a comprehensive survey of the area following reports in 1980 of radioactive materials in 

- 

-. 

the vicinity of the Stepan Company plant. Aerial and drive-by surveys located properties with 
elevated radiation levels. These surveys were followed with near-surface gamma radiation surveys 
using cone-shielded detectors to more accurately define areas of radioactivity. Soil samples 
collected in areas where gamma radiation exceeded two times background were analyzed using 
gamma spectroscopy to determine Th-232, Ra-226, and U-238 concentrations. More ‘than 130 
reports resulted from these studies, and data obtained from them and the RI report were used to 
create an electronic data base that supported risk assessment calculations. The reports pertaining to 
individual properties are shown in Appendix A. An independent RVFS is being conducted for the 
Stepan Property. Results of this investigation were not available for consideration in this BRA. 

The validation and verification of RI report data are addressed in the RI report review process; 
therefore, the data are assumed acceptable for this evaluation. The historical data were collected 
under several quality assurance programs by various contractors over many years. Direct 
validation and verification of all these data were not done. However, for many sites these are the 
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only data available. Thus, the historical data are used where RI report data are unavailable. 
Therefore, the results in this document for these sites contain a higher level of uncertainty. 

Almost all the data used in the radiological risk assessment are from soil radionuclide analyses. 
Radon sampling results (55 measurements) obtained for the residential properties were in 
reasonable agreement with the radon concentrations calculated from soils data as discussed in 
Section 3. 

_ 

2.1.2 Chemical Contaminants - 

Characterization studies of chemical contamination at the Maywood site are more recent than 
most of the radiological studies. They have been conducted primarily for the MISS and Stepan 
operable units and a limited number of residential and commercial/government properties. 
Chemical contamination sources are described in the RI report and include the burial pits of Stepan, 
former waste retention ponds at MISS, the interim storage pile at MISS, and other areas that may 

- 

- 

- 
have been contaminated due to release or transport of waste materials. 

The chemical contaminants include rare earth metals and heavy metals that were present in the - 
monazite sands from which thorium was extracted, volatile organic compounds, semivolatile 
organic compounds, pesticides, and polychlotinated biphenyls (PCBs). In this BRA, all chemical L - 
contaminants detected at the Maywood site are evaluated as potential COCs and retained, if 
applicable, regardless of whether they are within the definition of FUSRAP wastes. - 

The chemical data are organized according to operable unit and medium. All the groundwater 
data are from the MISS and Stepan operable units and two adjoining properties that are in the same 
hydrogeologic system. Surface water and sediment data are evaluated for Westerly Brook and 
Lodi Brook, but only the data from the Westerly Brook basin were adequate for risk assessment. 
The data from the Lodi Brook basin were from a single sampling point, and only a single COC 
was retained after screening. Surface and subsurface soils data were available for MISS, Stepan, 
and the three properties in each of the residential and commercial/government operable units. The 
three residential properties for which chemical data were available were 90 Avenue C (property unit 
6), 113 Avenue E (property unit 5), and 62 Trudy Drive (property unit 4). Commercial/ 
government properties for which. chemical data were available were 113 Essex Street, 
200 Route 17, and 205 Maywood Avenue. These were grouped into four data sets for chemical 
risk assessment. 
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The procedures for selecting radiological and chemical COCs are described in the following 
- sections, and the results am presented in tables. 

‘\ .- 
2.2 RADIOLOGICAL DATA EVALUATION 

Radionuclides known or suspected to be present at the Maywood site relate to the processing of 
the mineral monazite (monazite sands). ‘Monazite sands contain natural thorium at concentrations 
of 3 to 10 percent (NJDEPE 1983), significantly higher than natural background levels: 
Concentrations of uranium are also higher than natural background levels. Thorium and its. 
progeny are the dominant contributors to the radioactive contamination of the site, although some 
enhanced uranium contamination is also present. 

2.2.1 Rationale and Criteria for Selection of COCs 

- -. 

The radionuclides in the U-238, Th-232, and U-235 decay series (Figures 2-1, 2-2, and 2-3) 
that am expected to significantly contribute to site risk can be identified in a preliminary screening. 
However, for completeness, all radionuclides in these three decay series were considered in the 
risk assessment for this BRA. A source term analysis indicates that the radiological hazards of the 
various radionuclides in the U-238 decay series can be determined from the activity concentrations 
of U-238 and Ra-226. Activities of radionuclides from U-238 through U-234 and Th-230 were 
assumed to be in secular equilibrium. Also, the activity of each individual radionuclide from Ra- 
226 through Polonium (PO)-210 were assumed to be equal to that of Ra-226. The activity of U- 
235 (and progeny) was assumed to be equal to 5 percent of the U-238 activity. 

- 

The goal of the data evaluation is to identify a set of radiological COCs that are likely site- 
related and then select ‘those COCs that are valid for use in the quantitative risk characterization. 
Radiological sample analyses for the RI were performed by TMA/Eberline in accordance with 
approved protocols. The detailed analytical results are contained in appendices to the RI report 
(BNI 1992). Data quality objectives and QA/QC procedures are discussed in Appendix I of the Rl 
report. The quality assessment procedure for radiological data is presented in the Qualiry 
Assurance Project Plan for the Remedial Investigation/Feasibility Study-Environmental Impact 
Statement for the Maywood Interim Storage Site, Maywood New Jersey. (BNI 1990). 
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2.2.2 Radiological Data Evaluation 

Radiological data were aggregated by depth: surficial(0 to 2 ft depth) and subsurface (2 to 
16.5 ft maximum depth). Because of limited data, sediment data were aggregated with surficial 
soil data. Groundwater data were aggregated as a single unit by aquifer (shallow alluvium and 
bedrock) for MISS, Stepan, and Ballod properties based on data review and hydrology. 
Groundwater data were not available for the residential and commercial/governmental vicinity 
properties. Surface water data were aggregated by drainage for Westerly Brook and Lodi Brook. 
Statistical analysis was performed on the aggregated data sets to identify mean concentrations for 
each contaminant in these media. 

2.2.3 Background 

Background samples for each medium were used to identify naturally occurring levels of 
radionuclides and ambient concentrations attributable to non-site sources. Radionuclides were 
selected as CGCs if the mean of detected concentrations exceeded twice the mean background 
concentration. 

‘.- 
2.2.3.1 Soil 

\-- 

Background levels of naturally occurring radionuclides in soil in the vicinity of the Maywood 
site were determined by sampling at locations that were considered to be nonindustrialized, 
undisturbed, and located within reasonable proximity of the site. Locations within Foschini Park, 
Rochelle Park, and the Borough Park-Maywood were selected as representative of typical 
background radionuclide levels (Figure 2-4). A summary of the results is presented in Table 2- 1. 

-. 2.2.3.2 Groundwater 

. . \ 
Groundwater background data were obtained from two monitoring wells, B38W02D and 

B38W05B (Figure 2-5). These wells are considered to be hydrologically upgradient from source 
areas. Background samples were analyzed for total uranium, Ra-226, and Th-232. Average 
background concentrations of total uranium were 3.0 pCi/L; Ra-226 concentrations were 0.8 
pCi/L, and Th-232 concentrations were 0.4 pCi/L. Results of groundwater analyses are presented 
in Section 4.3.1 of the RI report (BNI 1992). 
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Table 2-l. Analytical Results for Back round Radionuclide Concentrations in Soil 
6& 

\ 

\ 

Locaton U-238 Ra-226 Th-232 

Foschini Park c3.5 ~0.8 cl.1 
Rochelle Park c2.4 co.5 so.9 
Borough Park-Maywood <2.9 co.7 eo.9 

Average c2.9 co.7 cl.0 

Source: BNI 1992 

- 
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2.2.3.3 Surface Water 

Surface water samples were collected from four locations, three in Westerly Brook and one in 
Lodi Brook (Figure 2-6). Sampling location 3 is upgradient from site source areas and serves to 
establish background conditions for surface water and sediments. Sample analytes for surface 
water were total uranium, Ra-226, and Th-232. Average background concentrations were 3 
pCi/L, 0.3 pCin, and 0.1 pCi/L, respectively. Results of the surface water analyses are presented 
in Section 4.4.1 of the RI report (BNI 1992). 

2.2.3.4 Outdoor Air 

The RI presents only Rn-222 concentrations in air immediately adjacent to M ISS. Airborne 
particulate contaminants were not evaluated because the contaminants at M ISS are stable with 
respect to these pathways. The average background Rn-222 concentration in the Maywood area is 
0.4 pa/L (BNI 1992). 

2.2.3.5 Indoor Air 

The RI does not present background concentrations of Rn-222 in buildings. A study of over 
9,000 buildings in New Jersey indicates an average background Rn-222 concentration of 1.4 pCi/l 
(Cohen 1991). Thii value was assumed valid for the Maywood site. 

2.2.4 Soils 

Surface and subsurface soil samples were collected from the Maywood site. Radiological 
analysis of over 3,000 samples indicates widespread contamination of Ra-226, Th-232, and U-238 
(BNI 1992). The analytical results are summarized in Table 2-2. 

The sampling regime focused on the relatively long-lived isotopes. The associated progeny, as 
shown on Table 2-3, are assumed to be in equilibrium with their respective parent nuclides. 
Because of the lim ited data, the activity of Th-230 was assumed to be in equilibrium with U-238. 

92-lUbWO32993 2-11 
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Table 2-2. Screening of Source Area Contaminants 

.\. 

Maxium Mean Background Sample 
concentration Concentration Concentration 

Nuclide Detections, matrix 
Quantitation 

(pCi/p) t.pCi/g) (pa/g) Limit (pCi/g) cot 

Ra-226 1077 surface soil 190 2.4 0.7 0.2 Yes 

Ra-226 1687 subsuface soil 447 5.5 0.7 0.2 Ye 

Th-232 1222 surface soil 379 9.2 1.0 0.2 yes 

n-232 1867 subsurface soil 1698 22.8 1.0 0.2 Yes 

U-238 113 surface soil 77.1 7.6 2.9 (note 1) Yes 

U-238 215 subsurface soil 624.7 13.1 2.9 (note 1) yes 

Note 1: SQL varies, generally ranging between 1 and 4 pCi/g. 

__ 
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Table 2-3. Groupings of Radionuclides 

Parent Radionuclide Associated Decay Products d 

Thorium-232 .__I 

Radium-228+Decay Products Actinium-228 

Thorium-228+Decay Products Radium-224, radon-220, polonium-216,lead-212, 
bismuth-212, polonium-212, thallium-208 

4 

Uranium-238+Decay pr0ducr.s Thorium-234, protactinium-234 

Uranium-234 

Thorium-230 

Radium-22&Decay products 

Lead-21O+Decay Products 

Uranium-235+Decay Products 

Protactinium-231 

Radon-222, polonium-218,lead-214, bismuth-214, 
polonium-214, 

Bismuth-210, polonium-210 

Thorium-23 1 

Actinium-227+Decay Products Thorium-227, radium-223, radon-219, polonium-215, 
lead-21 1, bismuth-21 1, thallium-207 

--. 

Source: Gilbert et. al, 1989 -- 
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2.2.5 Groundwater 

- 

ir 

\- 
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Groundwater data were aggregated as a single operable unit comprised of MISS/Stepan/Ballod 
results based on data evaluation and hydrology. Data were derived from historical records 
available from DOE’s ongoing environmental monitoring program and from recent data (fourth 
quarter 1990 through third quarter 1991) collected as part of additional well sampling for the RI 
report (BNI 1992). For the risk assessment, data were evaluated as two separate units; the 
shallow alluvium groundwater and the deeper bedrock groundwater. The sedimentary section at 
the site is divided into two units:‘ bedrock and a surficial and unconsolidated sediments unit. 
These two geologic units behave as a single interconnected hydrogeologic unit. Analyses were 
conducted quarterly. Average concentrations of total uranium, Ra-226, and Th-232 were 3 pCi/L, 
0.9 pCi/L, and 0.4 pCi/L, respectively (BNI 1992). 

2.2.6 Surface Water 

.- 

‘V 

Surface water was collected quarterly from three locations in Westerly Brook and one location 
in Lodi Brook. The concentrations of radionuclides were found to be close to background, 
indicating that radionuclides are not migrating via the surface water pathway (see Section 2.2.3.3). 
Average concentrations of uranium, Ra-226, and Th-232 were 4 pCi/L, 0.4 pCi/L, and 0.1 pCi/L, 
respectively. 

2.2.7 Outdoor Air 

-- 

Ra-222 concentrations have been measured at three onsite and 10 perimeter locations at the 
MISS (BNI 1992). ‘The average onsite and perimeter Rn-222 concentration is 0.5 pCi/L. This 
approaches background levels (see Section 2.2.3.4). 

i 2.2.8 Indoor Air 

_ 

Fifty-five Rn-222 measurements were taken. The average Rn-222 concentration is 1.5 pCi/L. 
Although this value does not exceed twice the assumed background concentration, Rn-222 was 
retained as a CGC in indoor air. This conservative assumption was made because Rn-222 is a 
decay product of Ra-226, a CGC in soils. 
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2.2.9 Radiological COCs 

The final list of radiological COCs for soil includes Ra-226, Th-232, U-235, U-238, and their 
associated decay products. No radiological contaminants of potential concern were identified in 
groundwater, surface water, or outdoor air. Rn-222 was identified as a contaminant of potential 
concern in indoor air. 

d 

- 

2.3 CHEMICAL DATA EVALUATION 

.-’ 

The chemical data evaluated are those reported in the RI report for the Maywood site (BNI 
1992). Samples from the following media were evaluated for chemicals of concern: surficial soil 
horizon (0 to 2 ft depth), all soil horizons (0 to a maximum of 16.5 ft depth), alluvial (shallow) 
groundwater, bedrock groundwater, surface water, and sediment from Westerly and Lodi Brooks. 

The goal of the data evaluation is to identify a set of COCs that are likely site-related and then 
select those COCs that are valid for use in the quantitative risk characterization. Chemical sample 
analyses for the RI report were performed by Roy F. Weston, Inc. analytical laboratories, in 
accordance with approved protocols. The detailed analytical results am contained in appendices to 
the RI report (BNI 1992) and are summarized in this chapter. 

Data quality objectives and QAIQC procedures are discussed in Appendix I of the RI report. 
The quality assessment procedure for chemical data is presented in the Quality Assurance Projecr 
Plan for the Maywood Site (BNI 1990). After samples were analyzed, results were reviewed for 
precision, accuracy, completeness, comparability, and representativeness. Upon successful 
completion of the QA/QC process, data were included in the overall site database. QC samples 
were used to assess data quality in terms of precision and accuracy and to document that sampling 
and analysis procedures did not introduce variables that would render the data questionable. QC 
samples included field blanks and duplicates, method blanks and spikes, matrix spikes and 
duplicates, laboratory duplicates, and standard reference materials. The guidance documents used 
in the assessment and qualification of chemical data are the Laboratory Data Validation: Functional 
Guidelines For Evaluating Organic Analysis (EPA 1988) and the Laboratory Data Validation: 
Functional Guidelines For Evaluating Inorganic Analyses (EPA 1988). 

. 

P 

- 

-- 

,- 
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2.3.1 Rationale and Criteria for Selection of COCs 

Chemical data were aggregated by operable unit and medium for evaluation of CGCs. These 
aggregates were as follows: 

Medium Qperable/Remedial Units 

- 
soil 1. MISS 

2. Stepan Company property 
3. Commercial/government vicinity properties 
4. Residential vicinity properties, including 

municipal parks 

In addition to these formally designated Ou’s, the following additional remedial units were 
considered for aggregating chemical CGCs: 

,- 

Groundwater 
Surface Water and Sediment 

5. MISS/Stepan/Ballod 
6. Westerly Brook, Lodi Brook 

Soils data were aggregated by depth (surficial - 0 to 2 ft. depth and all horizons - 0 to 16.5 ft 
maximum depth) for each of the four operable units. Uranium data were derived from the 
radiological data set, and samples with an initial sample depth of 2 ft or less were aggregated. 
Groundwater data for MISS, Stepan, and Ballod properties were aggregated as a single unit by 
aquifer (shallow alluvium and-bedrock) based on data review and hydrology. Groundwater data 
were not available for the residential vicinity properties and commercial/government vicinity 
properties. Surface water and sediment data were aggregated by drainage for Westerly Brook and 
Lodi Brook. 

Chemicals in the RI database were evaluated in accordance with EPA data validation guidance 
in Risk As;ressment Guidance for Superfund, Volume 1 (EPA 1989b). All data qualifiers as well 
as results of all field and laboratory blanks were considered. Background samples for each 
medium were used to identify naturally occurring levels of chemicals and ambient concentrations 
attributable to onsite sources. 

92-lSSUlA32993 2-17 



, 

Data presented in the RI report were evaluated on the basis of quality, with respect to sample 
quantitation limits, laboratory qualifiers and codes, and blanks. Data selected for use in the BRA 
include unqualified data, including those data with qualifiers that indicate uncertainties in 
concentrations but not in compound identification, and those data detected at levels significantly 
elevated above concentrations detected in associated sample blanks. Organic contaminant data 
selected include those with no qualifiers and those designated with = (no data qualifier required) or 
J (analyte present; reported as an estimated value). Inorganic contaminant data selected include 
those with no qualifiers and those designated with =, J, B [reported value less than contract 
required detection limit (CPDL) but greater than or equal to instrument detection limit (IDL)], or BJ 
(both B and J). All data with any other qualifier or combination of qualifiers were excluded from 
the BRA database. Chemical data were evaluated according to the following criteria to select the 
subset of COCs appropriate for quantitative risk assessment: 

l Comparison to Quantitation Limits (QL) - Inorganic and organic chemicals were eliminated 
if the chemical was detected only once or twice in a medium and if detected concentrations 
were less than reported quantitation limits (i.e., carried a J qualifier); 

l Frequency of Detection - When there were twenty or more samples, chemicals that were 
detected at a frequency of 5 percent or less were eliminated; and 

l Comparison to Background - Inorganic chemicals were eliminated if the estimated mean 
exposure concentration was less than or equal to twice the mean background concentration. 

In estimating the exposure concentration, positively detected concentrations were considered 
with one-half the reported quantitation limits (a proxy concentration) for sample results reported as 
below the quantitation limit. Mean exposure concentrations were derived from the bias estimator 
of the mean for log normally distributed data (Gilbert 1987). 

..i 

2.3.2 Background 

2.3.2.1 Soils 

To establish soil chemical constituent concentrations that are representative of background 
conditions at the Maywood site, soil samples were collected from four locations at Borough Park 
in Maywood (see Figute 2-4). The park is located in a highly developed residential area that is also 
near industrial areas of the borough. Sampling locations were selected on the basis of proximity to 
the Maywood site, relative independence from potential impact by the site, and representativeness 
of area land uses. 
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Background sam ples were analyzed for m etals and rare earth elem ents, VOCs, BNAEs, 
pesticides, and PCBs. The ranges in background concentrations for COCs are presented in the 
tables that sum m arize potential COCs for soil (see Section 2.3.3). Com plete analytical results are 
reported in Appendix K  of the RI report (BNI 1992). 

2.3.2.2 Groundwater 

Groundwater background data were obtained from  two m onitoring wells, B38W02D and 
B38W05B (see Figure 2-5). These wells, located in the bedrock aquifer, are considered to be 
hydrologically upgradient from  source areas (BNI 1992). Background sam ples were analyzed for 
m etals and rare earth elem ents, VOCs. BNAEs, pesticides, PCBs, and m obile ions (chlorides, 
nitrates, phosphates, sulfates). The range in background concentrations for potential inorganic 
contam inants of concern are shown in the table sum m arizing potential COCs for bedrock 
groundwater (see Section 2.3.4). Results of groundwater analyses are presented in Section 4.3.2 
of the RI report (BNI 1992). 

2.3.2.3 Surface Water and Sedim ent 

Surface water and sedim ent sam ples were collected from  four locations, three in Westerly 
Brook and one in Lodi B rook (see Figure 2-6). Sampling Location 3 is upgradient from  M aywood 
site source areas and establishes background conditions for surface water and sedim ents. Sample 
analytes for surface water were dissolved and total m etals, rare earth elem ents, VOCs, and m obile 
ions. Analytes for sedim ent were m etals, and rare earth elem ents. The range in background 
concentrations for these m edia are shown in the tables sum m arizing potential COCs for surface 
water and sedim ents (see Section 2.3.5). Com plete analytical data are reported in the Rl report 
(BNI 1992). 

2.3.3 Soil 

Soils were evaluated for four operable units as described in Section 2.3.1. 

2.3.3.1 M ISS Soil 

Seventy-nine soil sam ples from  34 M ISS onsite boreholes were analyzed for m etals and 
rare earth elem ents (Figure 2-7). Twenty-seven m etals and rare earth elem ents were detected in the 
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surficial soil horizon (O-2 ft), and 37 were detected in all soil horizons. Uranium was detected in 
MISS surface soil and all soil horizons (Tables 2-4 and 2-5). Five metals known to be constituents 
of lithium or thorium wastes (arsenic, chromium, copper, lead, and lithium) were detected with 
frequency at levels above background concentrations. Rare earth elements generally were detected 
only at depth intervals that were radioactively contaminated. 

VOCS were analyzed in 82 soil samples from 33 boreholes in MISS onsite soils. Six VOCs 
were detected in the surficial soil horizon, and 12 were detected in all soil horizons (Tables 2-6 
and 2-7). Toluene was detected most frequently. The BNAE compounds identified, and the 
concentrations at which they were detected, are typical for industrialized areas (Tables 2-6 and 
2-7). Both VOCs and BNAEs occurred in trace levels in both radioactively contaminated and 
noncontaminated locations. Alpha and gamma chlordane, aroclor- 1254 and - 1260, heptachlor 
epoxide, and 4,4’-DDD were detected at low concentration and frequency in MISS onsite soils. 

Thirty-three chemicals were eliminated as COCs from MISS surficial soils (Table 2-8). 
Seventeen metals had concentrations within background. Five VOCs, nine BNAEs and two 
pesticides were detected less than three times and at concentrations below the reported quantitation 
limit (QL). Forty-one chemicals were eliminated from MISS onsite soils (all horizons). Twenty- 
eight metals had concentrations within background levels. Eight VOCs, three BNAEs, and two 
pesticides were detected in 5 percent or less of the samples analyzed when sample size was 20 or 
more samples. 

2.3.3.2 Stepan Property Soil 

Ten boreholes were sampled on the Stepan property (Figure 2-8). Metals and rare earth 
elements were analyzed from 39 samples collected from surface depths (O-2 ft) to a maximum of 
16.5 ft depth. Twenty-three metals and rare earth elements were detected in the surficial soil 
horizon (O-2 feet), and 34 were detected in all soil horizons. Uranium was detected in Stepan 
surface soil and all soil horizons (Tables 2-9 and 2-10). Tellurium was detected once in the 
surficial soil horizon and once at a depth of 6-8 feet (Tables 2-9 and 2- 10). Lutetium was detected 
only once in surficial soils. Arsenic, lead, lithium, nickel, and selenium occurred most frequently 
in radioactively contaminated areas. The frequency of detection of all metals present generally 
decreased with sampling depth. More than 90 percent of the above-background occurrences of the 
rare earth elements cerium, lanthanum, and neodymium were from samples collected from areas of 
radioactive contamination. 
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Table 24. Potential Inorganic Contaminants of Concern in the MISS Site Surficial Soils 
(O-2 fi depth) 

Contaminant 

Range of Estimated Mean 
Frequency of Detected Mean Background - 

Detection Concentrations Exposure Concentration 

METALS AND RARE EARTHS (mg/kg) 

aluminum IO/l0 
antimony l/10 
arsenic 9110 
barium 9/10 
beryllium 4110 
boron l/10 
cadmium l/l0 

* calcium lO/lO 
* cerium 3110 
* chromium 8110 

cobalt 5110 
* copper 9110 

iron IO/l0 
* lanthanum 3110 
* lead lO/lO 
* lithium 4/10 

magnesium 7110 
manganese IO/IO 
neodymium 3/10 
nickel 6110 
potassium 3110 
samarium l/10 
selenium 4flO 

* sodium 4110 
* uranium 221145 

vanadium 8/10 
* zinc 9/10 

2730 - 24900 
30.3 

2.3 - 20.8 
23.9 - 310 
0.3 - 2.6 

23.7 
1.2 

3130 - 104000 
186- 671 

12.9 - 1100 
3.1 - 8.80 
15.2 - 173 

4140 - 12800 
112-374 
36.3 - 399 

25.3 - 2030 
1.500 - 5650 
67.1 -415 
62-299 

7.8 - 83.7 
261 - 352 

57.5 
0.55 - 1.2 
163 - 2400 
16.5 - 161 
9.8 - 19 

29.1 - 491 

6888 
5.6 
10 
90 

0.75 
13 

0.62 
18598 
210 
170 
4.5 
62 

8955 
117 
149 
355 

2435 
203 
85 
15 

513 
28 

0.66 
618 
53 
13 

140 

7448 
4.7 
3.3 
45 

0.56 
24 

0.71 
1210 
47 
13 
7.6 
18 

14448 
47 
39 
24 

1841 
466 
47 
9 

405 
47 

0.45 
62 
4.4 
20 
51 

J 

i- 

-. i 

i / 

* Contaminant of Concern 
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Tab le  2-5.  P o te n tia l  Ino rgan i c  C o n ta m i n a n ts o f C o n c e r n  in  th e  M IS S  S ite  So i l s  (Al l  Hor izons)  

C o n ta m i n a n t 
F r e q u e n c y  o f 

D e tect ion 

R a n g e  o f 
D e tec ted  

C o n c e n trat ions 

Es tim a te d  
M e a n  

E x p o s u r e  
C o n c e n trat ion 

M e a n  
B a c k g r o u n d  

C o n c e n trat ion 

M E T A L S  A N D  R A R E  E A R T H S  ( m g /kg )  

a l u m i n u m  6 9 /7 9  
a n tim o n y  1 3 /7 9  

* a rsen ic  7 a p 9  
b a r i u m  7 9 /7 9  
bery l l ium 7 5 P 9  
b o r o n  6/19  
c a d m i u m  7 /1 9  

* ca lc ium 1 9 /r9 
* ce r ium 1 8 /7 9  
* c h r o m i u m  w 7 9  

cobal t  7 3 /7 9  
* c o p p e r  7 1 /7 9  

dyspros ium 3 D 9  
e r b i u m  2 n 9  
g a d o l i n i u m  2 E ’ 
h o h n i u m  2/79  
i rOU 7 5 /7 9  
l a n t h a n u m  1 7 /7 9  
l e a d  6 9 f7 9  

* lith i u m  3 1 /7 9  
m a g n e s i u m  7 9 f7 9  
m a n g a n e s e  1 6 J 7 9  
n e o d y m i u m  S /7 9  
nickel  7 9 /7 9  
p o tass ium 7 4 /7 9  

* p r a s e o d y m i u m  l/6 5  
s a m a r i u m  5 n 9  
se len ium U /7 9  
si lver 2 7 /7 9  

* s o d i u m  78 f79  
te l lu r ium l/1 9  
te r b i u m  1 n 9  
thu l i um  V P  

* u r a n i u m  3 1 r .3 5 5  
v a n a d i u m  7 4 l 7 9  
ytte r b i u m  ID.9 
ZiI lC 5 6 l 7 9  

1 2 6 0  -  5 5 7 0 0  
3 .0  -  3 0 .3  

0 .5 3  -  1 0 6 0  
1 5 .3  -  3 1 0  
0 .1 0  -  5 .3  
2 3 .7  -  1 1 4  
0 .8 7  -  2 .3  

50- l  -  2 1 6 0 0 0  
5 2 .6  -  3 1 4 0  
1 .0  -  1 5 1 0  
1 .0 - 2 6 9  
3 .0  -  2 2 4  

5 2 .0  -  5 9 .2  
4 6 .2  -  5 8 .1  
5 6 .7  -  1 2 9  
5 7 .5  -  5 8 .7  
3 8 1 -  3 2 7 0 0  
4 0 .3  -  1 5 6 0  

2 .2  -  5 8 0  
1 7 .4  -  2 2 9 0  
1 3 7  -  6 5 0 0  
1 1 .4  -  5 8 8  

5 3 .7  -  1 3 1 0  
2 .8  -  1 3 5  

1 6 7  -  1 6 9 0  
3 7 2  

4 4 .8  -  3 1 6  
0 .4 1  -  3 .4 0  
0 .8 4  -  2 .8  

3 3 .3  -  2 8 3 0 0  

:7 7  
5 1 :o  

1 2 .0  -  9 1 3  
1 .8  -  3 0 .6  

6 8 .6  
1 3 .1  -  4 9 1  

6 5 0 0  

z-i 
5 ’9  

0 .5 4  
1 3  

0 .4 3  
1 2 5 5 4  

1 0 1  
1 4 5  
5 .7  
4 2  
2 2  
2 2  
2 3  
2 2  

7 8 0 1  
7 6  
7 6  
1 2 2  

1 3 2 1  
1 4 1  
5 8  
1 2  

5 3 1  
2 4  
2 7  

0 .4 1  
1 .3  
7 5 9  
2 2  
2 2  
2 2  
5 1  

7 4 4 8  
4 .7  
3 .3  
4 5  

0 .5 6  
2 4  

0 .7 1  
1 2 1 0  
4 7  
1 3  
7 .6  
1 8  
4 7  
5 0 6  
4 7  
4 7  

1 4 4 4 8  
4 7  
3 9  
2 4  

1 8 4 1  
4 6 6  

s”‘8  
4 0 5  
4 .7  
4 7  

0 .4 5  
3 .6  
6 2  
4 7  
5 9  

4 8 3  
4 .4  

::: 
2 0  
4 7  

6 4  5 0  

* C o n ta m i n a n t o f C o n c e r n  

9 2 - 1 5 5 M i O 2 0 1 9 3  2 - 2 3  



Table 26. Potential Organic and Mobile Ion Contaminants of Concern in the MISS Site 
Surficial Soils (O-2 ft depth) 

- 

Contaminant 

VOLATILE ORGANICS (clpncp) 

Frequency of 
Detection 

Range of btected 
Concentrations 

Quantitation 
Limit Range d 

carbon disulfide 1111 13 6-12 
Wdichloroetbane (total) 1111 2 6-20 
metbylene chloride l/l 1 

:-i 
__ v 

* toluene 301 6-12 
tetrachloroethane (total) l/11 2 6-12 
tricbloroethylene 201 2-5 6-12 

BNAEs @g/kg) 

acenaphtheuc 
acenaphthyleue 

* anthraceue 
* benzo(a)authracene 
* benzo(a)pynme 
* benzo(b)fluwanthene 
* benzo(g,h,i)perylene 

benzoic acid 
* beuzo(k)fluorantbcne 
* bis(2-ethyl.hexyl)phthalate 
* butylbenzylphthalate 
* chrysene 
* dibenzo(a,h)anthracene 

dibenzofnran 
* di-n-butylphthalate 

1,2diphenylhydrazine 
* fluoranthene 

fluorene 
* indeno(l,2,3-uI)pyrene 

naphthalcue 
n-nitrosodiphenylamine 
pentachlorophenol 

* phenanthrene 
* pyrene 

ZlO 61-92 
1110 57 
410 58 - 270 
two 99-1100 
9/10 100-1000 
9110 92 - 1100 
410 200 - 420 
1110 200 
600 loo-1100 
7110 49-590 
3110 57 - 150 
8/10 110 - 1200 
4/10 52-100 
2/10 43-45 
6/10 40-180 
1110 840 
9flO 200 - 2200 
200 84-94 
#lO 190 - 590 
ZlO 34-44 
1110 78 
l/10 81 
9/10 69 - 110 
9110 150 - 1700 

.-- 

340- 1900 
320 - 1900 
340- 1900 
350 - 1900 
350-1900 _ 
350 - 1900 
350 -1900 

1600 - 9300 
350 -1900 -_ 
49 - 1900 
320 - 1900 
340 - 1900 
340-1900 ‘, 
57-1900 
57 - 1900 
340-1900 -I 340 - 1900 _ 
340 - 1900 
340 - 1900 
340-1900 v 
320 - 1900 
1700 - 9300 
340- 1900 
350-1900 - 

PESTICIDESlF’CRs @g/kg) 

* alpha chlordane 
arochlor-1260 

* gamma chlordane 
heptachlor epoxidc 

MOBILE IONS (mg/kg) 

3110 20-54 
1113 100 
4110 17 - 51 
2flO 1.9 - 4.7 

.- 
NA 
NA 
NA 
NA 

* phosphate l/l 729 NA 

.- 
* Contaminant of Concern 
NA Data uot available; quantitation liiit not reported in BM 1992. 
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Table 2-7. Potential Organic and Mobile Ion Contaniinants of Concern 
in the MISS Site Soils (All Horizons) 

Contaminant 
Frequency of 

Detection 

Range of 
Detected 

Concentrations 
Quantitation 
Limit Range 

VOLATILE ORGANICS @g/kg) 

acrolein l/82 
acrylonitrile l/82 
benzene l/82 

* 2-butanone P/82 
* carbon disultide 13/82 

chloromethane 2B2 
1,2dichloroethane (total) l/82 
tetrachloroethylene l/82 

* toluene 24182 
l,l,l-trichloroethane 2182 
trichlorcethane 3182 

* xylenes (total) 5/82 

BNAEs @g/kg) 

* acenaphthene If78 
* acenaphthylene 5178 
* anthracene llfl8 
* benzo(a)anthracene 32/78 
* benzo(a)pyrene 31l78 
* benzo(b)fluoranthene 34t78 
* benzo(g,h,i)pcrylene 17/78 
* benzoic acid 5r78 
* benim(k)fluoranthene 31/78 
* bis(2-ethylhexyl)phthalate 32fI8 
* butylbenzylphthalate 5l78 
* chrysene 32/78 
* dibenzo(a,h)anthracene 12i78 
* dibenzofuran 6i78 
* di-n-butylphthafate 21/78 
* 1.2diphenylhydrazine 6l78 
* fluoranthene 37/78 
* fluorene 7l78 
* indeno( 1,2,3cd)pyrene 17/78 
* 2-methylphenol 3i78 
* 4-methyphenol m3 
* naphthalene 5r78 
* nitrobenzene 4f78 
* n-nitrosodiphenylamine II78 

4-nitrophenol 378 

92-155M/020193 

8 11 -23 
6 11 -23 

2-21 6- 12 
3-170 11 -23 
l-29 6- 12 
l-9 11 -23 

2 6- 12 
3 6- 12 

1 - 160 6- 12 
3-5 6- 12 
l-5 6- 12 
2-4 6- 12 

61 - 930 
47 - 73 

41-2600 
51- 7300 
44-5000 
38 - 4900 
50 - 2900 
72 - 270 

40 - 3800 
43 - 4200 
49 - 240 

44-6000 
48-1100 
43 - 880 

40 - 4300 
44-5700 
43-4000 
48 - 1400 
66-2900 
47 - 3100 
58-300 
34 - 570 
47-460 

42-2100 
120 - 520 

340 - 1900 
320 - 1900 
340 - 1900 
350 - 1900 
350 - 1900 
350 - 1900 
350 - 1900 
1600 - 9300 
340 - 1900 
49 - 1900 
320 - 1900 
340 - 1900 
340 - 1900 
340 - 1900 
57 - 1900 

340 - 1900 
340 - 1900 
340 - 1900 
340 - 1900 
320 - 1900 
320 - 1900 
340 - 1900 
340 - 1900 
320 - 1900 
1700 - 9300 



Table 2-7. (continued) 

Range of 
Frequency of Detected Quantitation 

Contaminant Detection Concentrations Limit Range 

* pentachlorophenol in3 44-250 1700 - 9300 
* phenanthrene 31/78 64-1100 340 - 1900 
* phenol 4178 63 - 180 49 - 1900 
* pyrene 42/78 36-10000 350 1900 - 

PESTICIDEWPCBs @g/kg) 

* alpha chlordane 6177 2.1 -54 NA 
arochlor-1254 l/115 110 NA 
4,4’-DDD l/77 7.6 NA 

* gamma chlordane 8177 1.7-51 NA 

MOBILE IONS @g/kg) 

* chloride 3137 16.4 - 209 NA 
* nitrate 12137 1.3 - 24.3 NA 
* phosphate 37/37 315 - 58100 NA 

* Contaminant of Concern 
NA Data not available; quantitation limits not reported in RI BNI 1992 
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Table 2-8. Potential Contaminants of Concern in Soil Eliminated 
from the Risk Assessment 

Contaminant Screening Rationale a 

MISS Site - Surficial Soils 

i -- 

- ,. 

‘\ i 

‘L 

aluminum 
antimony 
arsenic 
barium 
beryllium 
boron 
cadmium 
cobalt 
iron 
magnesium 
manganese 
neodymium 
nickel 
potassium 
samarium 
selenium 
vanadium 

Volatile Oreaniq 

carbon disulfide 
1.2dichloroethane (total) 
methylene chloride 
tetrachloroethane (total) 
trichloroethylene 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Table 2-8. (continued) 

Contaminant Screening Rationale a 

acenaphthene 
acenaphthylene 
benzoic acid 
dibenzofuran 
1.2-diphenylhydrazine 
fluorene 
naphthalene 
n-nitrosodiphenylamine 
pentachlorophenol 

Pesticides/FCBS 

arochlor-1260 
heptachlor epoxide 

MISS Site - All Horizons 

Metals and Rare Farths 

aluminum 
antimony 
barium 
beryllium 
boron 
cadmium 
cobalt 
dysprosium 
erbium 
gadolinium 
holmium 
iron 
lanthanum 
lead 
magnesium 
manganese 
neodymium 

93-155M/O20193 

2 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2-28 



i 

l. 

_ 

-. 

i 

L_ 

L 

-./ 

i 

,- 

\i- 

-. 

‘-. 

, 

‘i 

L- 

Table 2-8. (continued) 

Contaminant Screening Rationale a 

Metals and Rare Earths (continue& 

nickel 
potassium 
samarium 
selenium 
silver 
tellurium 
terbium 
thulium 
vanadium 
ytterbium 
ZillC 

Volatile OrPanics 

acrolein 
acrylonitrile 
benzene 
chloromethane 
12dichloroethane (total) 
tetrachlorocthylene 
l,l,l-trichloroethane 
trichloroethane 

BNA& 

2 - methylphenol 
4 - methyphenol 
4 - nitrophenol 

Pesticides/PCBS 

arochlor-1254 
4,4’-DbD 

93-155M/O20193 2-29 
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Table 2-8. (continued) 

Contaminant Screening Rationale a 

Stepan Site - Surticial Soils 

barium 
beryllium 
cadmium 
cerium 
chromium 
cobalt 
copper 
iron 
lanthanum 
lithium 
lutetium 
magnesium 
nickel 
selenium 
silver 
tellurium 
thallium 

BNAQ 

acenaphthene 
dibenzo(a,h)anthracene 
dibenzofuran 
2 - methylnaphthalene 
naphthalene 
phenanthrene 
pyrene 

93-155MB20193 2-30 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Table 243. (continued) 

Contaminant Screening Rationale a 

Stepan Site - All Horizons 

Metals and Rare Ear& 

alumium 
antimony 
barium 
beryllium  
boron 
cadmium 
cobalt 
copper 
dysprosium 
gadolinium 
iron 
lithium  
lutetium  
magnesium 
manganese 
molybdenum 
nickel 
samarium 
silver 
tellurium  
terbium  
vanadium 
zinc 

L. 93-155M/O20193 2-31 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



Table 2-8. (continued) 

Contaminant Screening Rationale a 

Volatile Organ& 

benzene 
2-butanone 
carbon disulfide 
carbon tetrachloride 
chloroform 
2-hexanone 
xylenes (total) 

BNAQ 

acenaphthene 
benzoic acid 
dibenzo(a,h)anthracene 
dibenzofuran 
1.2diphenylhydrazine 
2-methylnaphthalene 
naphthalene 
pentachlorophenol 

CommerciaUGovemment Vicinity 
Properties - Surficial Soils 

Metals and Rare Earths 

aluminum 
arsenic 
beryllium 
cerium 
chromium 
cobalt 
erbium 
iron 
lanthanum 
magnesium 
manganese 
neodymium 
nickel 
potassium 
selenium 
terbium 
vanadium 
zinc 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Volatile Oreania 

Table 2-8. (continued) 

Contaminant Screening Rationale a 

2-butanone 
carbon disulfide 
tetrachloroethylene 
toluene 
trichloroethylene 

2 

CommerciaUGovemment Vicinity 
Properties - All Horizons 

Metals and Rare Earths 

aluminum 
antimony 
arsenic 
beryllium 
cerium 
cobalt 
copper 
erbium 
iron 
lanthanum 
lead 
lutetium 
magnesium 
manganese 
neodymium 
nickel 
potassium 
selenium 
silver 
tellurium 
terbium 
thallium 
vanadium 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Table 2-8. (continued) 
i 

Y.2 
Contaminant Screening Rationale a 

Volatile Oreaniq 

2-butanone 
carbon disufide 
tetrachloroethylene 
toluene 
trichloroethylene 

. 
2 
2 
2 
2 
2 

BNAF-$ 

anthracene 
benzo(a)pyrene 
benz&b)fluoranthene 
benzo(g,h,i)perylene 
benzo(k)fluoranthene 
indeno-(l,2,3-cd)pyrene 

Residential Vicinity Properties - Surficial Soils 

Metals and Rare Earths 

aluminum 
antimony 
arsenic 
beryllium 
cadmium 
cerium 
chromium 
cobalt 
copper 
iron 
lanthanum 
magnesium 
manganese 
neodymium 
nickel 
potassium 
selenium 
sodium 
vanadium 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

. . . 
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Table 243. (continued) 

Contaminant Screening Rationale a 

Residential Vicinity Properties - All Horizons 

Metals and Rare m 

aluminum 
antimony 
arsenic 
beryllium 
cadmium 
cobalt 
copper 
iron 
lanthanum 
lutetium 
magnesium 
manganese 
neodymium 
nickel 
potassium 
selenium 
sodium 
vanadium 
zinc 

uranium 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

a 
Screening Rationale Key 

1 Mean of detected concentrations was less than or equal to twice the mean background concentration. 

2 Chemical detected less than three times and detected concentrations were less than 
quantitation limit (QL). 

3 Chemical detected at a frequency 5% or less at sample size of 20 or greater. 

. 93-155MlO20193 2-35 
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Table 2-9. Potential Inorganic Contaminants of Concern in Stepan Site Surfkial Soils 
(O-2 ft. depth) 

Contaminant 

Range of Estimated Mean 
Frequency of Detected Mean Background 

Detection Concentrations Exposure Concentration 
Concentration 

METALS AND RARE EARTHS (mglkg) 

* arsenic 7110 
barium lO/lO 
beryllium 9110 
cadmium 2110 

* calcium lO/lO 
cerium u10 
chromium 9110 
cobalt lo/lo 
copper 5110 
iron lO/lO 
lanthanum l/10 

* lead 9110 
lithium 2110 
lutetium l/10 
magnesium lO/lO 
nickel lo/lo 
selenium 8110 
silver l/10 

* sodium lO/lO 
tellurium l/10 
thallium l/10 

* zinc 7110 

* uranium 461593 

0.84 - 25.3 
32.6 - 92.3 
0.36 - 0.72 

1.0 - 2.1 
1010 - 16500 
48.6 - 67.4 
5.0 - 80.6 
3.2 - 10.3 
10.6 - 57.4 

5530 - 13900 
52.4 

0.79 - 193 
24.7 - 35.3 

1070 
843 - 3720 
5.2 - 21.2 
0.36 - 1.4 

1.3 
41.1 - 386 

1070 

57.dT238 

4.8 - 165 

12 

05466 
a:64 
5817 

29 
21 
5.7 
32 

9893 
26 
93 
15 
70 

2030 
11 

0.62 
0.58 
150 
70 

4.6 
110 

10 

3.3 
45 

0.56 
0.71 
1210 
47 
13 

7.6 
18 

14448 
47 
39 
24 
47 

1841 

o”k85 
j.6 
62 

0445 
i0 

4.4 

* Contaminant of Concern 
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Table 2-10. Potential Inorganic Contaminants of Concern in Stepan Site Soils (All Horizons) 

Contaminant 

Range of Estimated Mean d 
Frequency of Detected Mean Background 

Detection Concentrations Exposure Concentration _ 
Concentration 

METALS AND RARE EARTHS (mg/kg) 

aluminum 
antimony 

* arsenic 
barium 
beryllium 
boron 
cadmium 

* calcium 
* cerium 
* chromium 

cobalt 
copper 
dysprosium 
gadolinium 
iron 

* lanthanum 
* lead 

lithium 
lutetium 
magnesium 
manganese 
molybdenum 

* neodymium 
nickel 
samarium 

* selenium 
silver 

* sodium 
tehuium 
terbium 

* thallium 
* uranium 

vanadium 
zinc 

39f39 2530 - 44400 
m9 5.05 - 5.34 

29/39 0.43 - 51.7 
39/39 23.6 - 167 
35l-39 0.2 - 1.8 
ll39 44.6 
m9 1.0-2.1 
39/39 335 - 82900 
lo/39 48.6 - 5680 
36/39 1.7 - 1570 
37f39 2.0 - 10.3 
18/39 5.5 - 96.2 
439 71.8 - 94.5 
7l39 36.2 - 192 
39J39 4650 - 36000 
12l39 52.4 - 3770 
29/39 2.6 - 328 
15n9 26.4 - 738 
2l39 1070 - 1090 
39/39 512 - 3420 
39/39 31.3 - 861 
Y39 22.7 - 29.7 
39f-39 4.6 - 50.9 
12/39 46.2 - 2400 
6l39 54.1-454 
17/39 0.36 - 37.1 
3m 1.3 - 1.7 
38L39 54.7 - 5470 
a39 1070 - 1100 
3r.N 45.3 - 58.9 
1139 15.0 

7411014 4.8-511 
3M9 4.1 - 32.8 
2439 7.7 - 238 

6324 
2.7 
16 
71 

0.53 
12 

0.49 
20417 

681 
65 
5.0 
28 
29 
37 

10079 
190 
128 
61 
40 

1343 
233 
12 

217 
11 
43 
1.2 

0.56 
531 
40 
25 
2.4 
10 
12 
71 

7448 
4.7 
3.3 

04:6 
i4 

0.71 
1210 
47 
13 

7.6 
18 
47 
47 

14448 
47 
39 
47 
24 

1841 
466 
24 
47 
8.8 
47 

0.45 
3.6 
62 
47 
59 

0.45 
4.4 
20 
50 

v- 

-.-. 

- 
* Contaminant of Concern 
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Twelve soil samples from four boreholes (C207, C296, C299, C701) were analyzed for 
WCs. No VGCs were detected in the surficial soil horizon (Table 2- 1 l), while 10 VGCs were 
detected in all soil horizons (Table 2-12). Toluene was detected most frequently. All VOC 
concentrations were in the low ppb range and generally found in both radioactively contaminated 
and noncontaminated areas. Eleven soil samples from five boreholes (C207, C296, C298, C299. 
C701) were analyzed for BNAEs. Fifteen BNAEs were detected in surficial soils (Table 2-l l), 
and twenty-two BNAEs were detected in all soil horizons (Table 2-12). Trace concentrations 
generally were not associated with either radioactively contaminated or noncontaminated areas and 
were characteristic of industrial settings. Most BNAEs detected were polycyclic aromatic 
hydrocarbons (PAHs). Pesticides and PCBs were not detected in Stepan property soils. Forty-six 
chemicals were eliminated from all Stepan soil horizons. 

Twenty-four chemicals were eliminated as CGCs for Stepan property surficial soils (see 
Table 2-8). Sixteen metals had concentrations within background levels. One metal, thallium, 
was detected only once and at a concentration less than the reported QL. Seven BNAEs were 
detected less than three times at concentrations less than QLs. Twenty-three metals, seven VGCs, 
and eight BNAEs detected in all horizon soils were eliminated from the risk assessment. 
Twenty-three metals had concentrations within background levels. The VOCs and the BNAEs 
were detected less than three times and at concentrations below QLs. 

2.3.3.3 Commercial/Government Vicinity Properties Soil 

Nineteen soil samples were collected from four boreholes on three commercial/government 
vicinity properties: 113 Essex Street, 200 Route 17, and 205 Maywood Avenue. Twenty-four 
metals and rare earth elements were detected in the surficial soil horizon (O-2 feet), and 29 were 
detected in all soil horizons. Uranium was detected in the commercial/government vicinity 
properties surface soil and all soil horizons (Tables 2-13 and 2-14). Five VGCs and seven BNAEs 
were detected in surficial soils (Table 2-15). Six VGCs and 14 BNAEs were detected in all soil 
horizons (Table 2-16). Pesticides and PCBs were not detected. In general, the metals and rare 
earth elements were detected in areas of radioactivity. 

Twenty-four chemicals were eliminated as COCs for commercial/government properties 
surEcial soils (see Table 2-8). Eighteen metals had concentrations within background levels. Five 
VGCs and one BNAE were detected less than three times, with concentrations below QLs. 
Thirty-six chemicals detected in all soil horizons were eliminated as WCs. Twenty-five metals 

92-155ML~O32993 2-39 



Table 2-11. Potential Organic and Mobile Ion Contaminants of Concern in Stepan Site - 

Surficial Soils (O-2 ft depth) 

Contaminant 

BNAEs @g/kg) 

Frequency of 
Detection 

Range of Detected 
Concentrations 

Quantitation 
Limit Range d 

acenaphthene 
* antbracene 
* benzo(a)anthmcene 
* benzo(a)pyrene 
* benzo@)fluoranthene 
* benzo(g,hj)ptxylene 

dibenzo(a,h)anthracene 
dibetifuran 

* di-n-butylphthaiate 
* flnorene 
* indeno(l.2.3~cd)pyrene 

2-methylnapthalene 
napththalene 
phenanthrene 
PYrene 

l/4 220 
l/4 2100 ’ 
l/4 5700 
314 420 - 9000 
l/4 6400 
114 7600 
l/4 5800 
l/4 470 
l/4 4800 
l/4 1300 
l/4 2400 
114 5000 
l/4 1000 
l/4 570 
214 770 - 910 

340 - 7500 
340 - 7500 
340 - 7500 
340 - 3800 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 340 - 7500 d 

340 - 7500 
340 - 7500 
340 - 7500 -., 
340 - 3800 

MOBILE IONS (mg/kg) 

* nitrate 9/11 1.5 - 5.8 NA 
* phosphate ll/ll 148 - 1700 NA 

* Contaminant of Concern 
NA Data not available; quantitation limit not reported in BN11992. j_- 
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Table 2-12. Potential Organic and Mobile Ion Contaminants of Concern in 
Stepan Site Soils (All Horizons) 

Range of 
Frequency of Detected Quantitation 

Contaminant Detection Concentrations Limit Range 

VOLATILE ORGANICS @g/kg) 

benzene 
2-butanone 
carbon diiufide 
carbon teuachloride 
chloroform 
2-hexanone 

* tetrachloroethylene 
* toluene 
* trichloroethylene 

xylenes (total) 

BNAEs U.&g) 

acenaphthene 
* anthracene 
* benxo(a)anthracene 
* benzo(a)pyrene 
* benz.o(b)fluoranthene 
* benzo(g,h j)perylene 

benzoic acid 
* benxo(k)fluoranthene 
* bis(2-ethylhexyl)phthalate 
* chrysene 
* di-n-bntylphthafate 

dibenzo(ah)anthracene 
dibenzofumn 
1,2diphenylhydrazine 

* fluoranthene 
* fluorene 
* indeno(l,2.3-cd)pyrene 

2-methylnaphthalene 
naphthalene 
pentachlorophenol 

* phenanthrene 
* pyrene 

92-155w20193 

l/12 
2112 
l/12 
w2 
202 
l/12 
3112 
6112 
3112 
2112 

2/l 1 
WI 
4111 
2111 
2/11 
2/11 
l/11 
3/11 
3/11 
5/11 
Ull 
2/11 
2111 
l/l 1 
3/l 1 
2/l 1 
VII 
l/11 
l/11 
l/l 1 
4/11 
6/11 

2-41 

87 6-28 
18-96 11-96 

3 6-28 
3- 16 6-28 
1-5 6-28 
110 11-56 

2- 15 6 - 28 
1 - 190 2-6 

1-2 6 
1-3 6-28 

1100 - 2100 
2300 - 5700 
120 - go00 
63 - 9400 
75-7600 

1800 - 4800 
210 

71 - 7200 
64 - 140 

140 - 9200 
57 - 5800 
270 - 470 

400 - 1300 
94 

270 - 25000 
750 - 2400 
1500 - 5000 

220 
1000 
620 

230 - 21000 
47 - 15000 

340 - 7500 
340 - 7500 
340 - 3800 
340 - 7500 
340 - 7500 
340 - 7500 

1700 - 38000 
340 - 7500 
360 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 
340 - 7500 

1700 - 38000 
340 - 7500 
360-3800 



Table 2-12. (continued) 

Contaminant 

MOBILE IONS (mgkg) 

Frequency of 
Detection 

Range of 
Detected 

Concentrations 
Quantitation 
Limit Range .-l 

* chloride 
* nitrate 
* phosphate 

l/40 147 NA 
26/40 1.3 - 33.9 NA L.’ 
40/40 111 - 17700 NA 

* Contaminant of Concern 
NA Data not available; quantitation limit not reported in BNI 1992. 

.-J 

-- 
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Table 2-13. Potential Inorganic Contaminants of Concern in Commercial/Government 
Vicinity Properties Surficial Soils (O-2 ft. depth) 

Contaminant 

Range of Estimated Mean 
Frequency of Detected Mean Background 

Detection Concentrations Exposure Concentration 
Concentration 

METALS AND RARE EARTHS (mg/kg) 

aluminum 414 2670 - 7970 4841 7448 
arsenic 414 2.6 - 5.3 3.6 3.3 

* barium 414 109 214 
- 

143 bsyllium 314 0.23 - 0.44 0.43 O”556 
* calcium 414 2360 3720 - 2705 lil0 

celium 214 104 - 193 80 47 
chromium 214 6.9 - 34.1 21 13 
cobalt 314 3.7 - 6.3 5.1 7.6 

* copper 214 24.1- 101 55 18 
erbium 114 47.8 27 506 
irOIl 414 4470 - 13100 9369 14448 
lanthanum 214 137 - 193 90 47 

* lead 414 54.1 455 - 217 39 
magnesium 414 888 - 2110 1560 1841 
manganese 414 72.5 - 198 145 466 
neodymium W  56.1 - 104 37 47 
nickel 414 4.6 - 12.3 12 8.8 
potassium l/4 369 319 405 
selenium 314 0.5 - 0.86 0.52 0.45 

* sodium 214 94- 128 128 62 
terbium l/4 62.2 30 59 

* uranium 591761 1.8 1885 - 11 4.4 
vanadium 414 11.4 - 28.8 16 20 
ZillC 414 65.6 - 109 76 50 

* Contaminant of Concern 
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Table 2-14. Potential Inorganic Contaminants of Concern in Commercial/Government 
Vicinity Properties Soils (All Horizons) 

‘d 
Range of Estimated Mean 

Frequency of Detected Mean 
Contaminant 

Background - 
Detection Concentrations Exposure Concentration 

Concentration 

METALS AND RARE EARTHS (mglkg) 

aluminum M/19 
antimony l/19 
arsenic 15119 

* barium 16/19 
beryllium 1209 

* calcium 1409 
cerium 6119 

* chromium 8119 
cobalt 14119 
copper 12/19 
erbium l/l9 
iron 16/19 
lanthanum 6119 
lead 15/19 
lutetium l/l9 
magnesium 16/19 
manganese 16/19 
neodymium 4119 
nickel 16/19 
potassium S/19 
selenium 6/19 
silver l/19 

* sodium w19 
tellurium l/l9 
terbium l/19 
thallium l/19 

* uranium 11211621 
vanadium 16/19 
zinc WI9 

1470 - 11900 

OF5 3 
36 - 4i5 

0.17 - 0.92 
903 - 13400 
48.2 - 309 
1.7 - 238 
2.4 - 11.4 
5.4 - 101 

47.8 
11.1 - 20700 
46.5 - 952 
2.9 - 455 

646 
689 - 7050 
34.8 - 294 
39.7 - 158 
3.2 - 23.3 

170 - 1440 
0.44 - 1.4 

0.9 
34.8 - 147 

644 
62.2 
0.66 

1.5 - 1885 
3.9 - 36.7 
11.7 - 113 

5113 
3.2 
2.4 
131 

0.40 
4135 

50 
57 
5.3 
30 
22 

20352 
73 
70 
34 

1852 
158 
33 

::s 
0.40 
0.69 
272 
34 
23 

lz 
i5 
62 

7448 
4.7 
3.3 

O”556 
lil0 ~ 
41 
13 

7.6 
18 

506 
14448 

47 
39 
47 

1841 
466 
47 
8.8 
405 
0.45 ‘L- 
3.6 
62 
47 

05:5 
4.4 
20 
50 

* Contaminant of Concern -’ 

92-155MhI20193 2-44 



i-- 

._ 

‘.. 

.- 

<-, 

‘- 

r _‘- 

-- 

_~ 

i- 

. 

-. 

L 

L 

- 

Table 2-15. Potential Organic and Mobile Ion Contaminants of Concern in Commercial/ 
Government Vicinity Properties Surficial Soils (O-2 ft. depth) 

Contaminant 

Volatile Organics @g/kg) 

Frequency of 
Detection 

Range of 
Detected 

Concentrations 
Quantitation 
Limit Range 

2-butanone 
carbon disulfide 
tetrachloroethylene 
toluene 
trichloroethylene 

BNAEs (&kg) 

m 3- 19 11 
It2 3 6 
l/2 6 
l/2 z 6 
l/2 1 6 

* benzo(a)anthracene 
* butylbenzylphthalate 
* chrysene 
* di-n-butylphthalate 
* fluoranthene 

phenanthrene 
* pyrene 

MOBILE IONS (mg/kg) 

440 380 - 380 
980 380 - 830 
510 

:: 
380 - 380 

6300 380 - 380 

z 
1100 380 - 380 

39-290 ND 
l/2 950 ND 

* chloride 
* nitrate 
* phosphate 

316 74.6 - 165 NA 
1.5 - 6.8 NA 

240 - 629 NA 

* Contaminant of Concern 
NA 
ND 

Data not available; quantitation limit not reported in BNI, 1992. 
No data, no detection limits reported. 
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Table 2-16. Potential Organic and Mobile Ion Contaminants of Concern in Commercial/ 
Government Vicinity Properties Soils (All Horizons) 

x-l 

Contaminant 

VOLATILE ORGANICS (@kg) 

Frequency of 
Detection 

Range of 
Detected 

Concentrations 
Quantitation 
Limit Range 

2-butanone 213 3- 19 11 
carbon disubide 113 3 6 
tettachloroethylene a3 l-6 6 
toluene l/3 3 6 
trichloroethylene l/3 1 

* xylenes (total) l/3 7 : 

BNAEs @g/kg) 

benzo(a)anthracene 
benzo(a)pymne 
benzo(b)fluoranthene 
benzo(g,h ,i)perylene 
benzoQfluoranthene 
bis(2-ethylhexyl)phthalate 
butylbenzylphthalate 
chrysene 
di-n-butylphthalate 
fluoranthene 
indeno(l,2.3-cd)pyrene 
phenanthrene 
wene 

l/3 
x3 
m 
2l3 
213 
x3 
l/3 

;; 

;; 
l/3 

;; 

62 
440-440 
ux)-460 
190 - 530 
97 - 180 
150-400 

6100 
980 

190 - 510 
450 - 6300 
380- 1100 

160 
39 - 290 
66-950 

380 - 830 4 
380 - 380 
380 - 380 
380 - 380 ~4 
380 - 380 
380 - 380 
380 - 380 
380 - 830 
380 - 380 
380 - 380 
380 - 380 380 830 LL- - 

ND 
ND 

MOBILE IONS (mg/kg) 

* chloride 7118 27.1 - 180 
* nitrate 

NA 
13118 1.1 - 6.8 

* phosphate 
NA 

19119 240 - 716 NA 

* Contaminant of Concern 
NA 
ND 

Data not available; quantitation limit not reported in BNI, 1992 
No data; no detection limits reported. -1 
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had concentrations within background levels. Five VOCs and six BNAEs were detected less than 
three times and with concentrations below QLs. 

2.3.3.4 Residential Vicinity Properties Soil 

Twelve soil samples collected from four boreholes at three residential vicinity properties 
(90 Avenue C, 113 Avenue E, and 62 Trudy Drive) were analyzed for metals and rare earth 
elements and PCBs. Analyses for VOCs, BNAEs, and pesticides were not initiated. Twenty-five 
metals and rare earth elements were detected in both the surficial soil horizon and all soil horizons. 
Uranium was detected in the residential vicinity properties surface soil and all soil horizons 
(Tables 2-17 and 2-18). Seven of the metals (aluminum, calcium, iron, magnesium, manganese, 
potassium and sodium) are common, naturally occurring soil constituents. No PCBs were 
detected in residential vicinity property soils (Tables 2-19 and 2-20). 

Nineteen metals in surficial soils and eighteen in all soil horizons were eliminated as COCs 
because their detected concentrations were within background concentrations (see Table 2-8). 

2.3.4 Groundwater 

Groundwater samples for chemical analyses were collected from the same wells as were 
radiological samples (see Figure 2-5). All analyses were quarterly, except VOCs and BNAEs, 
which were analyzed yearly from 1986 through 1991. In addition, samples collected during fourth 
quarter 1990 through third quarter 1991 were analyzed for metals, rare earth elements, and mobile 
ions. 

Twenty-five metals and rare earth elements were detected in alluvium groundwater and 33 were 
detected in bedrock groundwater (Tables 2-21 and 2-22). Nine VOCs and four BNAEs were 
detected in alluvium groundwater (Table 2-23). Fifteen VOCs and five BNAEs were detected in 
bedrock groundwater (Table 2-24). 

Metals and rare earth elements comprise the largest contaminant group (Tables 2-21 and 2-22). 
Significant migration of metals is not apparent. The most frequently and consistently detected 
VOCs include tetrachloroethylene, 1,2-dichloroethene, trichloroethylene, benzene, and vinyl 
chloride from onsite MISS wells. Organic compounds were not detected in the two upgradient 
background wells. Ten VOCs have been detected in Stepan well (MISS-4B) with 
1,2 dichloroethene consistently present since 1986. WCs also are present in Ballod property 
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Table 2-17. Potential Inorganic Contaminants of Concern in Residential Vicinity 
Properties Surficial Soils (O-2 ft. depth) 4 

v’ 
Range of Estimated Mean 

Frequency of Detected Mean Background - 
Contaminant Detection Concentrations Exposure Concentration 

Concentration 

METALS AND RARE EARTHS (mg/kg) 

aluminum 
antimony 
arsenic 

* barium 
beryllium 
cadmium 

* calcium 
cerium 
chromium 
cobalt 
copper 
iroIl 

lanthanum 
* lead 
* lutetium 

magnesium 
manganese 
neodymium 
nickel 
Potassium 
selenium 
sodium 

* uranium 
vanadium 

* zinc 

414 4260 - 6170 5544 7448 
214 6.1 - 9.2 6.5 4.7 
414 3.2 - 5.1 4.0 3.3 
414 63.5 - 242 116 45 
214 0.41 - 0.44 0.44 .56 
114 1.8 0.80 .71 
4t4 898 - 6910 3309 1210 
3J4 53.1 - 141 78 47 
414 4.7 - 22.2 16 13 
214 3.9 - 5.6 5.1 7.6 
314 17.4 - 43.5 30 18 
4t4 6710 - 11500 8612 14448 
214 53 - 107 61 47 
4f4 62.9 - 1000 402 39 
l/4 1150 427 47 
314 808 - 2170 1282 1841 
414 121- 251 212 466 
l/4 58.7 23 47 
214 6.5 - 9.3 6.2 8.8 
u4 317 -566 492 405 
214 0.43 - 0.49 0.46 .45 
214 46.5 - 86.7 87 62 

54/887 2.1 - 111 10 4.4 
414 11.4 - 20.2 15 20 
414 48.5 - 655 260 50 

-- 

* Contaminant of Concern 
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Tab le  2 - 1 8 . P o te n tia l  Ino rgan i c  C o n ta m i n a n ts o f C o n c e r n  in  R e s i d e n tia l  
V icinity P roper t ies  So i l s  (Al l  Hor izons)  

C o n ta m i n a n t 

F r e q u e n c y  o f 
D e tect ion 

Es tim a te d  
R a n g e  o f M e a n  
D e tec ted  E x p o s u r e  

C o n c e n trat ions C o n c e n trat ion 

M e a n  
B a c k g r o u n d  

C o n c e n trat ion 

M E T A L S  A N D  R A R E  E A R T H S  (mgkg )  

a l u m i n u m  1 2 1 1 2  
a n tim o n y  3 1 1 2  
arsen ic  1 2 1 1 2  

* b a r i u m  1 0 /1 2  
bery l l ium 7 1 1 2  
c a d m i u m  l/1 2  

* ca lc ium 1 0 /1 2  
* ce r ium 5 1 1 2  
* c h r o m i u m  1  l/1 2  

cobal t  7 1 1 2  
c o p p e r  8 1 1 2  
i ron  1 2 1 1 2  
l a n t h a n u m  4 1 1 2  

* l e a d  1 2 /1 2  
lu tet ium l/1 2  
m a g n e s i u m  9 1 1 2  
m a n g a n e s e  1 2 /1 2  
n e o d y m i u m  3 1 1 2  
nickel  7 1 1 2  
P o tass ium 7 1 1 2  
se len ium 5 1 1 2  
s o d i u m  7 1 1 2  

* u r a n i u m  1 1 1 /1 8 5 8  
v a n a d i u m  1 1 /1 2  

* z inc 1 1 /1 2  

3 4 5 0  -  1 5 0 0 0  7 2 3 9  7 4 4 8  
6 .1  -  9 .2  5 .2  4 .7  

0 .3  -  1 2 .7  4  3 .3  
6 4 .3  -  2 9 9  1 2 1  4 5  
0 .3 3  -  .8 2  0 .4 8  .5 6  

1 .8  0 .5 6  .7 1  
8 5 3  -  1 4 3 0 0  5 7 2 6  1 2 1 0  
5 3 .1  -  6 5 2  1 0 9  4 7  
3 .1  -  2 2 1  3 4  1 3  
3 .6  -  7 .3  4 .9  7 .6  

1 2 .4  -  6 0 .2  2 8  1 8  
4 3 2 0  -  1 5 9 0 0  9 5 1 6  1 4 4 4 8  

5 3  -  4 8 5  7 8  4 7  
4 .2  -  1 0 0 0  1 8 5  3 9  

1 1 5 0  5 8  4 7  
8 0 8  -  2 4 0 0  1 2 9 9  1 8 4 1  
4 1 .3  -  2 5 2  1 6 5  4 6 6  
5 8 .7  -  3 3 6  7 8  4 7  

5 .5  -  1 5  7 .1  8 .8  
2 2 3  -  5 6 6  4 2 4  4 0 5  
0 .4 3  -  2 .2  0 .6 1  .4 5  
4 6 .5  -  1 1 5  2 6 1  6 2  
0 .9  -  1 1 2  8 .1  4 .4  

1 1 .4 - 3 1 .4  1 6  2 0  
1 7 .3  -  6 5 5  1 3 9  5 0  

* C o n ta m i n a n t o f C o n c e r n  

2 - 4 9  



Table 2-19. Potential Organic and Mobile Ion Contaminants of Concern in 
Residential Vicinity Properties Surtkial Soils (O-2 ft. depth) 

Contaminant 

MOBILE IONS (mgkg) 

Frequency of 
Detection 

Range of 
Detected 

Concentrations 
Quantitation 
Limit Range 

* chloride l/4 33.2 NA 
* nitrate 414 2.6- 11.0 NA 
* phosphate 414 237 - 949 NA 

L/ 

- 
* Contaminant of Concern 
NA Data not available; quantitation limit not reported in BNI 1992. 

- 
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Table 2-20. Potential Organic and Mobile Ion Contaminants of Concern in 
Residential Vicinity Properties Soils (All Horizons) 

-. 

\-. 

Contaminant 

MOBILE IONS (mgkg) 

Frequency of 
Detection 

Range of 
Detected 

Concentrations 
Quantitation 
Limit Range 

* chloride l/12 33.2 NA 
* nitrate 12/12 1.8 - 11.0 NA 
* phosphate 12/12 116 - 1780 NA 

,_. 
* Contaminant of Concern 
NA Data not available; quantitation limit not reported in BNI 1992. 

-- 

L 
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Table 2-21. Potential Inorganic Contaminants of Concern in MISS Site 
Alluvium Groundwater 

Range of Estimated 
i.A 

Mean 
Frequency of 

Detection 
Detected 

Concentrations’ 
Mean 

Exposure 
Background 2 - 

Concentration 
Contaminant 

METALS AND RARE EARTHS @g/L) 

Concentration 

* aluminum 
antimony 

* arsenic 
* barium 
* beryllium 
* boron 
* calcium 
* cetium 
* chromium 
+ copper 

erbium 
* gadolinium 
* iron 

lanthanum 
* lead 
* lithium 
* magnesium 
* manganese 
* nickel 
* potassium 
* selenium 
* sodium 

terbium 
* vanadium 
* zinc 

29140 128 - 56400 
l/40 24.6 

20140 3.6 - 2310 
17140 26.5 - 1290 
9140 0.7 - 8.6 

20140 100 - 2740 
40140 18800 - 754OOOo 
2140 329-623 
18140 6.1 - 1340 
24/40 6.6 -420 
l/40 213 
2l40 232-255 

40140 729 - 111fMO 
l/40 356 

17140 2.5 - 389 
15/40 119 - 12400 
38140 321 - 69400 
40140 35.6 - 5130 
14140 10 - 2453 
38140 2689 - 237000 
5140 1.7 - 10.2 

40140 139 - 1240000 
2/40 214 - 298 
8140 22.2 - 125 

38140 4.4 - 3520 

12436 __ 
17 -- 
92 __ 
177 -- 
1.5 -_ 

427 _- 
164968 _- 

119 -- 
368 -- 
157 _- 
104 -_ 
108 -- 

92188 -_ 
115 __ 
39 __ 

1301 __ 
20946 _- 
2632 __ 

72 __ 
55670 -_ 

3.7 __ 
342245 -- 

109 __ 
28 _- 

273 __ 

i-- 

- 

F 
Contaminant of Concern 

2 
Detected concentrations are for total metals; dissolved metal data not used. 
Background concentrations not availble for alluvium groundwater. 
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Table 2-22. Potential Inorganic Contaminants of Concern in MISS Site 
Bedrock Groundwater 

Contaminant 

Range of Estimated Mean 
Frequency of Detected Mean Background 

Detection Concentrations (1) Exposure Concentration 
Concentration 

METALS AND RARE EARTHS @g/L) 

aluminum 14/60 145 - 2330 
antimony m 25.2 

* arsenic 16160 2.4 - 155 
barium 20160 11.6-356 
beryllium 9160 1 - 1.6 

* boron 45160 118 - 4280 
cadmium l/60 3.8 
calcium wcio 2078-5OOOOO 
cerium 6/60 206-1320 
chromium 21/60 3.9 - 265 
cobalt 5160 9 - 36.2 
copper 16l6O 2.3 - 244 
dysprosium l/60 206 
erbium w3 238 -312 
europium MO 224 

* iron 52160 34.5 - 106000 
lanthanum 3160 231-1320 
lead 16160 2.2- 118 

* lithium 29160 103-17400 
* magnesium 59160 1020-78200 
* manganese 58160 21.7-10200 

molybdenum lb0 111 
neodymium No 292-5 10 
nickel 9l60 6.2-51.4 

* potassium 59160 1958 - 286000 
selenium IO/60 1.1-l 1.6 
silver l/60 17.7 

* sodium wa 13600 -1910000 
tellurium MO 208 
terbium 3160 208 -399 
thallium 1160 21 
vanadium 14/60 6 - 39.7 

* zinc 44159 3.4-3100 

241 
16 

6.2 
88 

0.79 
562 
2.1 

13974 
129 
7.3 
7.0 
12 

102 
105 
102 

84307 
119 
4.9 

21224 
4848 
131 
108 
11 

40978 
2.1 
3.5 

201221 
102 
110 
11 
19 

141 

1850 
26 
2 

230 
0.95 
100 
4 

92800 
200 
26 
6 
12 

200 
200 
200 

2258 
200 

5 
100 

7228 
337 

.1m 
200 
22 

3206 
2 
6 

12200 
200 
200 

4 
15 
55 

* Contaminant of Concern 
1 Detected concentrations are for total metals; dissolved metal data not used. 
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Table 2-23. Potential Organic and Mobile Ion Contaminants of Concern in MISS 
Site Alluvium Groundwater 

Contaminant 

VOLATILE ORGANICS @g/L) 

Frequency of 
Detection 

Range of 
Detected 

Concentrations (1) 
Quantitation 

Limit 

* carbon disulfide l/6 
* 1,ldichloroethene 3r3 
* 1,2dichloroethene 616 
* methylene chloride 116 
* tetrachloroethylene 3l3 
* toluene a9 
* l,l,l-trichloroethane 416 
* trichloroethylene 5th 
* vinyl chloride 416 

BNAEs @g/L) 

* bis(2-chloroethyl)ether 
* bis(2-ethylhexyl)phtalate 
* phenanthrene 
* phenol 

MOBILE IONS (mg/L) 

115 10 
216 17-21 
l/6 2 
3l9 2 - 34 

16 
5-9 

5-360 
95 

190 - 640 
1-9 

1 - 18 
l-55 

14 - 190 

5 
5 
5 
3 
5 
5 
5 
5 
10 

* chloride 30/33 5.7 - 112 NA 
* nitrate 22l33 0.06 - 13 NA 
* phosphate 26/33 0.03 - 118 NA 
* sulfate 21/24 68.7 - 1530 NA 

* Contaminant of Concern 
NA Data not available; quantitation limit not reported in BNI 1992. 
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Table Z-24. Potential Organic and Mobile Ion Contaminants of Concern in MISS Site 
Bedrock Groundwater 

Contaminant 

VOLATILE ORGANICS @g/L) 

Frequency 
of 

Detection 

Range of 
Detected 

Concentrations 
Quantitation 

Limit 

* benzene 12/26 3 -180 5 
* carbon disulfide 6t30 2-13 5 
* chloroform 3112 2-17 5 
* 1,l dichloroethene 216 5-7 5 
* 1,2 dichloroetbene 19/25 2 750 - 5 
* ethylbenzene 116 15 5 
* methylene chloride 116 32 3 
* 4-methyl-2-pentanone 116 75 10 
* 1.1.2.2, tettachlomethane 
* tetrachloroethylene $7 

16-40 5 
4 570 - 5 

* toluene llL?5 5 340 
- 

* 1 ,l,l trichloroethane 3l9 l-60 : 
* trichloroethylene lo/l8 l-150 5 
* vinyl chloride 116 180 10 
* xylenes (total) l/6 1800 5 

BNAEs @g/L) 

* bis(2-chloroethyl)ether 216 40 65 - 10 
* bis(2-ethylhexyl)phthalate 116 330 10 
* 2-methylnaphthalene 116 18 10 
* naphthalene 2n 43 150 - 10 
* n-nitrosodiphenylamine 116 4 10 

PESTICIDESlPCBs @g/L) 

* dieldrin l/3 0.19 NA 

MOBILE IONS (mg/L) 

* chloride 57161 7.6 778 - NA 
* nitrate 42164 0.1 5.6 - NA 
* phosphate 49163 0.02 2.5 - NA 
* sulfate 41148 15.3 3430 - NA 

* Contaminant of Concern 
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wells (B38W14S, B38W14D, B38W15S and B38W15D). Seven different BNAEs were detected 
in groundwater. Bis(2-chloroethyl)ether and bis(2ethylhexyl)phthalate were detected in both the 
shallow and bedrock units. Naphthalene, 2-methylnaphthalene, and n-nitrosodiphenylamine were 
detected only in bedrock samples; and phenanthrene and phenol were detected only in shallow 
alluvial groundwater. BNAEs were detected in four MISS wells (MISS-2B, -6A, -6B and 
B38WOlS) and three Stepan wells (MISS3A, -4B and B38W3B). Most BNAEs were detected in 
1989, and none are prevalent. One pesticide, dieldrin, was detected once in bedrock groundwater. 

Four metals and rare earth elements, antimony, erbium, lanthanum, and terbium were 
eliminated as COCs from alluvium groundwater because they were detected only once or twice in 
forty samples (Table 2-25). Thirteen metals and rare earths elements were eliminated as bedrock 
groundwater COCs because they had concentrations within background levels. Eleven were 
eliminated due to low frequency of detection. Uranium was not retained as a COC in groundwater 
because radiological measurements of total uranium were within background concentrations. (The 
average sampled concentration of total uranium was the same as the average background 
concentration of 3 pCi/L (see Sections 2.2.3.2 and 2.2.5). No VOCs or BNAEs were eliminated 
from the risk assessment. The pesticide dieldrin was also retained as a COC. 

2.3.5 Surface Water and Sediment 

Surface water and sediment samples were collected quarterly from three locations in Westerly 
Brook and one location in Lodi Brook (see Figure 2-6). Sampling Location 3 served to establish 
background conditions. 

2.3.5.1 Westerly Brook 

Fifteen metals and three VOCs were detected in Westerly Brook surface water (Table 2-26). 
The source of the VOCs is unknown. Except for lithium, which was not detected upgradient, the 
metals are natural components of surface waters with downstream concentrations comparable to 
upstream levels. The source for lead is uncertain because it was detected at the upgradient location 
as well. The concentrations of mobile ions were generally low with similar 
upstream/downstream levels. 

i 

L-l 

- 

- 

- 
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Table 2-25. Potential Contaminants of Concern in Groundwater Eliminated from the Risk 
Assessment 

Contaminant 

ALLUVIUM GROUNDWATER 

Screening Rationalea 

antimony 
erbium 
lanthanum 
terbium 

BEDROCK GROUNDWATER 

Metals and Rare ??at@s 

antimony 
barium 
beryllium 
cadmium 
calcium 
cerium 
chromium 
cobalt 
copper 
dysprosium 
erbium 
europinm 
lanthanum 
lead 
molybdenum 
neodymium 
nickel 
selenium 
silver 
tellurium 
terbium 
thallium 

1 
3 
1 
1 
3 
1 
1 
1 
1 

: 

: 
3 
1 

: 
1 
1 
3 * 
3 
3 
3 
1 

a Screening Rationale Key 

1 Mean of detected concentrations was less than or equal to twice the mean background concentration. 

2 Chemical detected less than three times and detected concentrations were less than quantitation limit (QL). 

3 Chemical detected at a frequency of 5% or less at a sample size of twenty or greater. 
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Table 2-26. Potential Contaminants of Concern in Westerly Brook Surface Water 

Contaminant 

Range of Estimated Mean e 
Frequencyof Detected Mean Background 

Detection Concentrations1 Exposure Concentration - 
Concentration 

METALS AND RARE EARTHS @g/L) 

* arsenic 
barium 
boron 
calcium 
copper 
iron 
lead 

* lithium 
magnesium 
manganese 

* potassium 
silver 
sodium 
vanadium 
zinc 

:; 
ii; 
$i 
s/8 
ii; 
8/8 
818 
218 
818 
6l8 
II8 

3.5 - 31.9 
69-109 
145 - 715 

55900 - 118ooO 
6.9 - 14.4 

272 - 1290 
2.5 - 12.3 
115-620 

7820 - 13500 
144 - 629 

4470 - 26000 
4.4 - 4.5 

5200 - 77200 
4.1 - 12.5 
18.8 - 132 

i: 
245 

81608 
8.6 
734 
5.5 
341 

11225 
454 

14006 
3.1 

63638 
5.3 
58 

2.5 
121 
126 

59375 
9.4 
848 
113 

:*: 
326 
3175 
6.6 

77950 
7.4 
110 

VOLATILE ORGANICS @g/L) 

* 1,2dichloroethene l/l 38 5 NA 
* 1,1,2,2-tetrachloroethane l/l 42 5 NA 
* trichloroethylene l/l 13 5 NA 

MOBILE IONS (mg/L) 

chloride 6/6 56 - 162 88 
nitrate lO/lO 0.5 - 3.2 1.6 
phosphate 7B 0.083 - 0.67 0.25 

* sulfate 616 35.6 - 154 99 

153 

86 
jl 

- 

- 

-- 

- 

* Contaminant of Concern 
NA Data not available 
1 Detected concentrations are for total metals; dissolved metal data not used. 
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Twenty-four metals and rare earth elements were detected in Westerly Brook sediment 
(Table 2-27). The metals are indicative of natural co&ions and neither MISS nor Stepan appears 
to be a contributor. The rate earth elements, lanthanum and lutetium, were detected only once and 
were not present in surface water. 

‘-- 

‘- 

,-. 

Nine metals and the mobile ions chloride, nitrate, and phosphate were eliminated as Westerly 
Brook surface water COCs because their concentrations were within background concentrations 
(Table 2-28). Uranium was eliminated as a COC because radiological measurements of total 
uranium were within background concentrations (see Sections 2.2.3.3 and 2.2.6). All metals and 
rare earth elements detected in Westerly Brook sediment were eliminated as COCs because their 
concentrations were within background. The mobile ions, chloride, nitrate, and sulfate, also were 
eliminated based on background concentrations. 

2.3.5.2 Lodi Brook 

-. 
Only one location was sampled in Lodi Brook. Thirteen metals and four mobile ions were 

detected in surface water (Table 2-29). Nineteen metals and the four mobile ions were detected in 
sediment (Table 2-30). Twelve metals in surface water and sixteen metals in sediment were 
eliminated from quantitative risk assessment because they were detected at concentrations below 
background (see Table 2-28). Uranium was eliminated as a COC in surface water because 
radiological measurements of total uranium were within background concentrations. The mobile 
ions chloride and nitrate were eliminated as surface water COCs because their concentrations also 
were within background levels. All four mobile ions detected in Lodi Brook sediments were 

- eliminated as COCs based on background concentrations. 

i 2.3.6 Contaminants of Concern 

i 

\. 

Potential COCs detected at the Maywood site were screened according to EPA guidance for 
data evaluation. The COCs selected for quantitative risk assessment are those retained after the 
screening process. COCs retained for evaluation in the quantitative risk assessment are presented 
by medium in Tables 2-31,2-32, and 2-33. Uranium was retained as a COC for the purpose of 
assessing potential risk from non radiological effects. Toxicity information for these COCs was 
then reviewed to ascertain the availability of toxicity data. Appropriate toxicity values were not 
available for several contaminants, thereby precluding their inclusion in the quantitative risk 
assessment. These COCs are denoted by a pound sign (#) in Tables 2-31,2-32, and 2-33. 

i --I 
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Table 2-27. Potential Contaminants of Concern in Westerly Brook Sediment- 

Contaminant 
Frequency of 

Detection 

Range of 
Detected 

Concentrations1 

Estimated 
Mean 

Exposure 
Concentration 

Mean‘d 
Background 

Concentration, 

METALS AND RARE EARTHS (mg/kg) 

aluminum 
arsenic 

barium beryllium 

cadmium calcium 
chromium 
cobalt 

copper iron 
lanthanum 
lead 
lithium 
lutetium 
magnesium 
manganese 
nickel 
potassium 
selenium 
silver 
sodium 
thallium 
vanadium 
ZillC 

MOBILE IONS (mg/kg) 

818 1740 - 3620 2635 2700 
818 2.4 - 9.1 5.0 5 

26.6 - 102 52 :; 0.23 - 0.42 0.26 .z - 

218 1.7 0.74 818 1230 - 12100 5591 3z7 
818 5.3 - 66.2 23 15 - 
w3 2.3 - 5.9 4.4 4.2 

8/8 7 - 88.3 40.6 8l8 4690 - 21300 9529 S&I 
118 997 186 200 - 
*I* 26.1 - 600 161 237 
218 21.7 - 30.4 16 35 

959 183 ux) % 
685 - 3570 2289 1863 - 

*I* 94.8 - 337 189 101 
8/8 5.4 - 25 14 21 
318 269 - 388 187 250 - 
118 0.47 0.33 .31 
i$ 1.5 3 - 1.6 

78.1 417 - 185 32;22 

i; 3.fY9 4 
1.3 .82 L- 
6.3 

818 49.8 - 377 207 38;: 

- 

chloride 6/8 29 120 - 72 
nitrate 

82 
6/8 0.8 - 14.7 4.0 

* 
4.5 

phosphate 
- 

618 0.2 - 575 96 
sulfate 

0.2 
416 25.4 63.5 - 45 149 

- 
* Contaminant of Concern 
1 Detected concentrations are for total metals; dissolved metal data not used. 

- 
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Table 2-28. Potential Contaminants of Concern in Surface Water and Sediment 
Eliminated from the Risk Assessment 

Contaminant Screening a 
Rationale 

WESTERLY BROOK SURFACE WATER 

Metals and Rare Earths 

barium 
boron 
calcium 
copper 
iron 
lead 

manganese 
silver 
sodium 
vanadium 
zinc 

Mobile Ions 

chloride 
nitrate 
phosphate 

WESTERLY BROOK SEDIMENT 

Metals and Rare Earths 

arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 
cobalt 
copper 
iron 
lanthanum 
lead 
lithium 
lutetium 
magnesium 
manganese 
nickel 
potassium 
selenium 
silver 
sodium 
thallium 
vanadium 
zinc 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



Table 2-28. (continued) 

Contaminant Screening a 
Rationale 

Mobile Ions 

chloride 
nitrate 
sulfate 

LODI BROOK SURFACE WATER 

Metals and Rare Earths 

barium 
boron 
calcium 
copper 
iron 
lead 
lithium 
magnesium 
manganese 
sodium 
vanadium 
zinc 

Mobile Ions 

chloride 
nitrate 

LODI BROOK SEDIMENTS 

Metals and Rare Earths 

aluminum 1 
antimony 1 
arsenic 1 
barium 1 
beryllium 1 
cadmium 1 
calcium 1 
cobalt 1 
copper 1 
imn 1 
magnesium 1 
nickel 1 
Potassium 1 
sodium 1 
vanadium 1 
zinc 1 

Mobile Ions 

chloride 
nitrate 

1 
1 
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Table 2-28. (continued) 

- 
Contaminant Screening a 

Rationale 

L phosphate 
sulfate 

1 
1 

a Screening Rationale Key 

1 Mean of detected concentrations was less than or equal to twice the mean background concentration. 
2 Chemical detected less than three times and detected conce.ntrations were less than quantitation 

limit (QL). 
3 Chemical detected at a frequency of 5% or less at a sample six of twenty or greater. 
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Table 2-29. Potential Contaminants of Concern in Lodi Brook Surface Water 

Contaminant Frequency of 
Detection 

Range of 
Detected 

Concentrations1 

Estimated 
Mean 

Exposure 
Concentration 

Mean 
Background - 

Concentration 

METALS AND RARE EARTHS @g/L) 

barium 
boron calcium 

copper iiii 

lithium 
magnesium 
manganese 

* potassium 
sodium 
vanadium 
ZinC 

MOBILE IONS (mg/L) 

:; 79.7 95.6 - 84 121 
113- 168 121 126 313 _ 

5 1500 74300 
- 

6623 1 59315 

z; 9.3 - 15.1 11 262-510 - 453 ii? 
3l3 5.3 7.0 6.3 113 - 
II3 218 180 100 

llooo- 156fKl 11774 6852 
i:: 94.7 - 320 320 326 
213 5840 - 9380 7448 3175 - 
313 45200 - 51300 48347 77950 
213 9.5 - 13.2 7 7.4 
213 33.6 - 134 134 110 _ 

chloride 213 5 - 87.3 nitrate 56 153 - 
415 1.4-5.3 * phosphate 2.1 2.1 
314 0.05 - 1.4 * sulfate 0.52 0.16 
213 35.6 - 103 69 31 L, 

* Contaminant of Concern 
1 Detected concentrations for total metals; dissolved metal data not used. - 

- 
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Tab le  2 - 3 0 . P o te n tia l  C o n ta m i n a n ts o f C o n c e r n  in  L o d i  B rook  S e d i m e n ts 

C o n ta m i n a n t 

R a n g e  o f Es tim a te d  M e a n  
F r e q u e n c y  o f D e tec ted  M e a n  

C o n c e n trat ions1 
B a c k g r o u n d  

D e tect ion E x p o s u r e  C o n c e n trat ion 
C o n c e n trat ion 

M E T A L S  A N D  R A R E  E A R T H S  ( m g /kg )  

a l u m i n u m  
a n tim o n y  
arsen ic  
b a r i u m  
bery l l ium 
c a d m i u m  
ca lc ium 

* c h r o m i u m  
cobal t  
c o p p e r  
i ron  

* l e a d  
m a g n e s i u m  

* m a n g a n e s e  
nickel  
p o tass ium 
s o d i u m  
v a n a d i u m  
ZiI lC 

M O B IL E  IO N S  ( m g /kg )  

ch lo r ide  
ni t rate 
p h o s p h a te  
sul fate 

3 l3  
If3  

;fi 
l/3  

;; 

;; 

;; 

;; 
m  
m  

;g  

;g  

;; 
3 r .3  
In  

7 5 .5  -  2 7 0 0  
7 .3  

2 .1  -  4 .1  
6 8 .4  -  7 7  

0 .2 9  
1 .1  -  1 .9  

9 3 9 0  -  1 1 0 0 0  
4 1 .6 -  6 6 .9  

5 .7  -  7 .0  
9 8 .8  -  1 2 5  

1 9 5 0 0  -  2 8 1 0 0  
7 7 .8  -  6 2 5  

3 4 2 0  -  3 5 4 0  
3 0 6  -  3 1 6  
2 1 .2  -  2 2  

3 9 7  
1 9 6  -  2 6 2  

3 .8  
3 6 8 - 3 9  1  

5 - 2 2 7  
2  -  7 .3  

0 .0 5  -  0 .6 5  
1 2 5  

1 6 8 9  
5 .7  
4 .1  
4 9  

0 .1 8  
1 .3  

6 8 0 0  
3 6  

4 .4  
7 5  

1 5 8 6 8  
5 8 7  
2 3 2 3  
2 0 7  

3 :i 
1 5 5  
3 .5  
2 5 3  

1 1 6  

2 7 0 0  
8 .5  

zl 
.3 8  
1 .6  

3 9 2 7  
1 5  

4 .2  

8 & l 
2 3 1  
1 8 6 3  
1 0 1  
2 1  
2 5 0  
3 7 2  
8 .1  
3 1 2  

8 3  

0 ”;5 0  
1 4 9  

* C o n ta m i n a n t o f C o n c e r n  
1  D e tec ted  c o n c e n trat ions fo r  to ta l  m e tals; d isso lved m e ta l  d a ta  n o t u s e d . 

i 9 2 - 1 5 5 M / O 2 0 1 9 3  2 - 6 5  

. . 
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Table 2-32. Groundwater Contaminants of Concern Retained 
for Risk Assessment 

Contaminant Alluvium Bedrock 

METALS AND RARE EARTHS 

aIumilluul 
arsenic 
barium 
beryllimtl 
boron 

# calciuln 
# celiurll 

chroulhml 
copper 

# gadolillium 
# imrl 
# lead 

lithium 
# magnesium 

manganese 
nickel 

# potassium 
selenium 

# sodiunl 
vanadium 

# zinc 

VOLATILE ORGANICS 

benzene 
carbon disulfide 
chloroform 
1.1 -dicholorethene 
1,24icholorethene 
ethylbenzene 
methylene chloride 

# 4methyl-2-pentanone 
l,l,Z2-tetrachkKoethane 
tetrachloroetbylene 
toluene 
l,l,l-trichloroethane 
tricbloroethylene 
vinyl chloride 
xylenes (total) 

BNAEs 

bis(2-chloroethyl)ether 
bis(24hylhexyl)phtalate 

# 2-methylnaphthalene 
naphthalene 
n-nitrosodiphenylamine 

# phenanthrene 
phenol 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

X 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 

X 

- 

X 

X 
X 
X 

X 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
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Table 2-32. (continued) 

CONTAMINANT Alluvium Bedrock 

PESTICIDES/PCBs 

dielchin 

MOBILE IONS 

X 

# chloride 
# nitrate 
# phosphate 
# sulfate 

X X 
X X 
X X 
X X 

# Appropriate toxicity values not available. 

92-155M/020193 2-69 



Table 2-33. Surface Water and Sediment Contaminants of Concern 
Retained For Risk Assessment 

Westerly Brook L&l Brook 

CONTAMINANT surface Water Sediment sulfate Water Sediment 

METALS AND RARE EARTHS 

arsenic X 
chromium X 

# lead X 
lithium X 
manganese X 

# potassium X X 

VOLATILE ORGANICS 

1,2dichloroethene 
1,1,2,2-tetrachlomethane 
Qichloroethylene 

- 

X 
X 
X 

MOBILE IONS 

# phosphate 
# sulfate 

# Appropriate toxicity values not available. 

X X - 

X X 

-- 

92-0155M/o32493 
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CGCs without toxicity factors are addressed in the Risk Characterization (Section 5.2.2) and the’ 
Uncertainty Section (5.3). The final list of CGCs retained for risk assessment in all media, 
excluding those eliminated due to a lack of toxicity data, is summarized in Table 2-34. 

2.4 SUMMARY OF COCs 

2.4.1 Radiological Contaminants 

The potential radiological CGCs for the Maywood site were screened according to EPA 
guidance (EPA 1989b) to identify a list of CGCs for the quantitative risk assessment. Radiological 
data were aggregated by operable unit, medium, and location of sample within each medium before 
screening. The screening rationale and criteria are discussed in Section 2.2.1. The final list of 
CGCs for the risk assessment is comprised of those radionuclides that remained after applying the ’ 
screening criteria. 

The radiological CGCs for evaluation in the quantitative risk assessment were as follows: 

_.-’ 

- 

- 

Medium 

Soil (surface, subsurface 
and sediment) 
Groundwater 
Surface water 
Indoor Air 
Outdoor Air 

Contaminant of Concern 
U-235 U-238 Th-232 Ra-226 Rn-222 

Yes Yes Yes Yes No 

No No No No No 
No No No No No 
No No No No Yes 
No No No No No 

As discussed in Section 2.2, the associated decay products of the three primary radioactive 
contaminants (U-238, Th-232, Ra-226) are included as WCs, as are U-235 and associated decay 
products. 

2.4.2 Chemical COCs 

The potential chemical CGCs for the Maywood Site were screened according to EPA guidance 
(EPA 1989b) to identify a list of CGCs for the quantitative risk assessment. Chemical data were 

\ 
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Table 2-34. Summary of Contaminants of Concern for Quantitative Risk Assessment 

SOIL GROUNDWATER SURFACR WATRR SEDIMENT - 
contilmlMntsof 

NC alumi,,,,,,, . 
c NC .,+&&; : ..:. :‘. ‘3 I / .: :: :. / 1, .i. .; : .+: ‘y* i :. ..: 

NC t&m. 
,:. 1.. : ‘: . ...; .i :.: .” ., .,,. .:.‘, :. . . . :. :i .:’ :::* ..:: .: .: ;: ::.,, .:.: ., 

c NC :.tnyfi* : : .’ ,‘i .: ., .‘:i”‘l i .: - 

NC bmm . . 
c & w ‘:. : : _ .‘.i : :. I .” . . . 

: 
:. . . 

t;:...: ,,.. T: . . ?,‘. .,. .i.:, “‘: :: ( ..f ; . 

NS WPPQ . . . . . 
NC $jU,iq .’ .. 
NC manganeac. 

,,:: ‘:!:: :.:: j .-:’ ‘+i :. .:;,, ;;.. ;;: ‘.,:;:*,, ,,. ,:i..:: .‘: :’ - 
. . . 

c NC &&$ ;,’ ‘:,. I :< :F:. 2:; ‘:‘“. : j : :j: .::yg ! .‘I :;;;+;, .;;;; ‘:g ;:; :“.;, :;,j;. A?.,;:: ,:‘:.. ,. : ~ .: 

NC selmium . 
NC I.&&&$ .*:. : : ‘1; ?I,; ~f3, .. ,, 

C NC uranium . . . *. . . 

NC abylbaueac 

I 

- 

. . 
f;&$&&&& x !.,.‘yY .;; .,,. ;. .:.:. 1: :, “” :. .:. ..:..j: : ,::,: ..:.. 

C NC tricldaouhylmc 
L .- 

. . . . 
c +qml+de . . . . . :?J i .: ::.,;,, j ,~ .:.j “‘.,,, ‘;:,.:‘i:.: ::::i :::,i ,‘:ii :“y .:: ; ‘i9’: ,;;.j;, ;, :: ;::;,. .“‘i -‘. i . . 

NC xylmcs (total) 
.,.:. .‘.‘.” .., .,,,, : :.’ .,, 

. . . 

C 1.2diphulyLhydmzine . 

C NC e.mm&bme .<:I : ..: :’ ; ,. ‘; 
C accnapbIbylCnC . 
C NC anthrme l 

. . . . I 
*.‘. ‘. ;.,. : 

. . : .; 

C benzo(~)an~C . . . . . . 

c : balw(a* . .a: :,,. .*’ ,: 

C  bcnzti)f lUaanthar . . :. . 
I L. “. . . . -I. :. .:. .,, 

c -wgti~L.. ‘.‘. -  T 1. ‘E’. 

NC knzoicacid 
: ;: ~.:‘. :,; ;: ‘&., ,‘, -‘, ,_ .,,y,-,. .,‘! .,‘.‘: ,‘, 

. 

-  

c : W)h&&&, :. ;; .,.. ,, : y:~ ,,, I:. ‘y:. . . : y ” ., :I. ..I .“,, ‘;, 1. 
C bis(2-chlmcthyl)uhcr . . - 

C NC bis&$@myl)phUxle& .‘. + ,: 

NC butylbmzylphthalatc 
l . . .. ;: .:.,: ‘, 6’ .:. \ . . :‘:. * : :; ; 

. . . . 
I 

- 
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Table 2-34. (continued) 

-. C NC fluonnthmc . . . . . d,’ g&j ~::~~,~~,~~~ zg; ~;g $3;; $$g$ ;$g ;Eg ~~~~;~~~ ~~~:l::f .~:::~:.‘.8’$1:8Ii H’I:l:~~$ET~~ ;< :.;;$ ::;Py .$$ z. . . ; ,,i, :::: . . . . ..:.:.. . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. .(.....,.. (..... .,....... _, . . . . . . . . . ..,.......,..... j.....,,....... . . . . . . . . . . . . . . . . . . . . . . .,...,...........,......... ,...,\.....,...,. . . . . . . . . . . . . . . . . . . ..,..... .,...,.... .,...,..., ,...,... . . . . . . . . . ,...,... . .,... ,. j 
c . . . .:: fie .::~~~~~~~~~~~ z;x; g$; g!$$ ;;g& ;‘:;gzz $$g ~~ fLi$ I~~i:WI:i:g:K:;: ‘~~i’.gp~‘.~~~ -g$:g;.?~.g, <,,;; <$ ;i::” +Q P:‘: ‘. : : .%. II ..,: ..,. .::.i: ., 1 
c NC: .!?ee~F~YF~ ++;. $jE ::~~~~~~~~~~ :$g & ;~~~ $$s; i:‘il% @g :gg gg$ ~~~~~ ~,~~~j~ ~~81:‘j:1~:iilCi~~~~ ~~izg::~~li $3.. y,, :‘: .‘Z’,: \ : .. .; 1 .; ,., ,. ,. ,. ,.. ,. ,., . . . . . 

_--c = carcimgalicEff~ 
NC = Nonc~rcinogmicE 
S = Suficial Soil Horizon 
AH = AllSoilHmiwns 

* = Subsurfpcc soil horizon only - 
AS = Aggegated with aufrckl soil 
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aggregated by operable unit, medium, and location of sample within each medium before 
screening. The screening rationale and criteria are discussed in Section 2.3.1. The final list of 
CGCs for the risk assessment is comprised of those chemicals that remained after application of the 
screening criteria (see Tables 2-31,2-32, and 2-33). 

The CGCs retained for evaluation in the quantitative risk assessment, excluding those for 
which toxicity factors are not available, are summarized in Table 2-34. The following is a summary 
of CGCs by class of chemical: 

-_ 

Medium 

Soil 
Groundwater 
Surface water 
Sediment 

- 
Contaminant of Concern 

YQcsBNAEsPesticides - 
7 6 23 0 
13 13 5 1 
2 3 0 0 
2 0 0 0 

- 

BNAEs were the predominant CGCs in soils, and VGCs and metals were predominant in 
groundwater. Few CGCs were retained for surface water and sediment, -. 

L - 

- 
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3. EXPOSURE ASSESSMENT 

L- 

c- 

- 

-- 

- 

- 

- 

This section addresses the environmental fate and transport of the COCs identified in Section 2. 
It also includes the potential pathways by which human populations (e.g., residents and workers) 
could be exposed to radiological and chemical contaminants at or originating from the Maywood 
site. Exposure estimates are provided for MISS; Stepan property; commercial/ government vicinity 
properties; and residential vicinity properties, including municipal parks. These am the operable 
units used in the RI report (BNI 1992), and each contains one or more property units that were 
defined for risk assessment purposes as described in Section 1.2. Contaminant concentrations 
were determined by sampling and analysis, radiation survey measurements, and/or modeling. The 
data are summarized in this section of the BRA and presented as the mean and RME. The RME is 
defined as the 95th percentile upper confidence limit on the mean (uLg5) for each property unit. 
While identifying primary pathways of exposure at each location, current and plausible future land 
uses of the properties and surrounding areas are considered. This section develops information on 
exposure pathways, estimates the concentration of the radionuclides and chemical contaminants of 
potential concern at points of human exposure, and determines receptor intakes (doses). RME 
estimates are presented for radiation dose and chemical intakes within each scenario. The 
uncertainties of the exposure assessment are discussed in Section 5. 

3.1 CHARACTERIZATION OF EXPOSURE SETTING 

The exposure setting for the Maywood site is described briefly in terms of both the natural 
environment and local land use and demography. The setting is described in more detail in the 
RI/IS-EIS work plan (ANL and BNI 1992) and the RI report for the Maywood site (BNI 1992). 

- 

3.1.1 Environmental Setting 
- 

- 

- 

Parameters that can affect human exposure to contaminated materials at Maywood include 
topography; climate; ecological resources; geology; surface water and groundwater; and soil type, 
including vegetation. 

3.1.1.1 Topography 

The topography in the Maywood area is generally flat to rolling with local hilly areas. Little of 
the Maywood topography remains undisturbed because of the urban nature of the setting. 

92-15SUbQ32993 3-l 



MISS covers 4.7 ha (11.7 acres), with an average slope of 1.2 percent (BNI 1992). Most of 
MISS is covered with grass; the exceptions are the interim waste storage pile (which is covered by - 
a synthetic cover), unpaved roads, and the railroad spurs. Because of the relatively flat topography L- ’ 
and grass cover, erosion and sediment transport from the site ate minimal. -; 

The Stepan property covers 7.4 ha (18.2 acres) and consists of a series of man-made terraces 
on which the facility was constructed. The change in elevation from the highest to lowest terrace is 
approximately 7.5 m (25 ft). 

3.1.1.2 Climate 

- 

-/ 

The regional climate is humid, with a mean annual precipitation of about 120 cm (48 in.) and 
approximately 120 days of precipitation per year. Mean monthly temperatures range from a 
January low of -1.2”C (29.8”F) to a July high of 23.8”C (74.9”F). The prevailing winds are from 
the northwest during October-April and from the southwest during the remainder of the year. 

_ 

3.1.1.3 Ecological Resources 
- 

The Maywood site comprises mainly residential and commercial properties, including 
homes/yards, transportation corridors, parking lots, and industrial buildings. The residential L-- 
properties contain plant species common to landscaped yards, such as lawn grasses, flowers, 
garden vegetables, evergreen shrubs, and trees. Transportation rights-of-way and unused comers _ 
of commercial/industrial properties often contain native habitat in the form of early to late old-field 
successional stages, dominated by grasses and forbs with scattered shrubs and trees. - 

Aquatic habitats on the site include drainage ways, small temporary ponds, the limited above- 
ground portions of westerly and Lodi Brooks, and the Saddle River. Based on visual observation, 
water quality in the streams ranged from fair to very poor. Riparian habitat of trees, shrubs, and 
groundcover occurring along the two small streams and the river provides much of the available 
wildlife habitat. The Saddle River and its floodplain constitute the most productive habitat in the 
site vicinity. 

- 

- 
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Freshwa ter  w e tlands  cover  app rox ima tely  4 .1  acres  o f th e  study a rea . P a lustr ine e m e r g e n t 
vege ta tio n , d o m i n a te d  by  c o m m o n  reed  (Ph rag im i tes  aus truh) a n d  ca ttai ls (Typha  kztifolu), is 
assoc ia ted with th e  d i tches th a t t ransverse th e  a rea . O the r  w e tla n d  a reas  a re  vege ta te d  by  b road -  
leaved  dec iduous  t rees o r  by  m o w e d  tu r f g rass  m ixed with a  fe w  sedges  a n d  sp ike grass  
(Heochr is  sp).  B e c a u s e  the re  a re  n o  e n d a n g e r e d  o r  th rea te n e d  p lan t o r  an ima l  spec ies  inhab i tin g  
th e  a rea , th e  w e tlands  wi th in th e  site boundar ies  m a y  b e  classi f ied as  f reshwater  w e tlands  o f 
interm e d i a te  o r  o rd inary  resource  va lue  (Iliff a n d  L o n g 0  1 9 9 2 ) . 

T h e  wi ldl i fe c o m m u n i ty fo u n d  o n  th e  site is genera l l y  charac ter ized by  a  low n u m b e r  a n d  
diversi ty o f spec ies  d u e  to  th e  relat ive lack o f su i table hab i ta t. W ildl i fe inhab i tin g  th e  site a re  
m o s tly common ly -occur r ing  spec ies  o f subu rban  a n d  u r b a n  env i ronmen ts, such  as  g ray  squirrels,  
rabb i ts, musk ra ts, opossums , raccoons , g r o u n d h o g s , passer ine  birds,  wad ing  birds,  a n d  c o m m o n  
w a ter fow l . T h e  M a y w o o d  site suppor ts n o  federa l ly -  o r  state-l isted th rea te n e d  or  e n d a n g e r e d  
species.  

3 .1 .1 .4  G e o logy 

T h e  reg iona l  a n d  local  geo logy  o f th e  M a y w o o d  site is descr ibed  in  d e tai l  in  th e  R I repor t 
( B N I 1 9 9 2 ) . For  th e  B R A , th e  inform a tio n  o n  near -sur face  cond i tions  a n d  sur face w a ter  a n d  
g r o u n d w a ter  is signif icant. 

Bo r ings  m a d e  a t th e  M a y w o o d  site ind icate th a t bedrock  l ies c lose to  th e  sur face covered  with 
b e tween 3  to  1 5  ft o f w e a th e r e d  bedrock  a n d  unconso l ida te d  depos i ts. Unconso l ida te d  m a ter ia l  
over ly ing th e  bedrock  is compr i sed  large ly  o f strati f ied drift. Th is  drift exhibi ts  cons iderab le  
var iabi l i ty b o th  amal l y  a n d  in  d e p th ; howeve r , it genera l l y  consists o f sand , gravel ,  silt, a n d  c lay 
a n d  is poor ly  to  wel l  sorted. Bo r ings  a lso  indicate th a t cons iderab le  a m o u n ts o f fill m a ter ia l  have  
b e e n  p laced  o n  th is  site du r ing  its m a n y  years  o f indus trial use . 

3 .1 .1 .5  S u r face  W a ter  a n d  G r o u n d w a ter  

S u r face  w a ter  fe a tu res  th a t cou ld  a ffec t th e  fa te  a n d  t ransport  o f con ta m inan ts inc lude e ros ion  
p a tte rns  a n d  sur face w a ter  bod ies  such  as  di tches, s t reams,  p o n d s , a n d  lakes. T h e  g rea te r  
M a y w o o d  a rea  l ies b e tween th e  Hackensack  a n d  Passa ic  r ivers. T h e  M a y w o o d  site l ies wi th in th e  
S a d d l e  River  d ra inage  bas in  (a  tr ibutary o f th e  Passa ic  River)  a n d  is d ra ined  by  W e s ter ly  a n d  Lod i  
B rooks.  F igure  3 -1  shows  W e s ter ly  B rook  a n d  Lod i  B rook  in  re lat ion to  th e  M IS S  a n d  vicinity 
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properties. Most of Lodi Brook and parts of Westerly Brook are now enclosed in culverts in the 
vicinity of this site. Both Lodi Brook and Westerly Brook flow into the Saddle River. .No 
municipal water supply intakes exist downstream from MISS (BNI 1992). 

Westerly Brook drains an area of approximately 1.55 km2 (0.6 mi2) within the townships of 
Maywood and Rochelle Park. The channel slope is less than one percent, resulting in low flow 
velocities. The banks are well defined and am approximately 3.7 m (12 ft) deep. 

Rainwater runoff from parts of the MISS and Stepan properties collects in a low area between 
the site, NJ Route 17, and the New York, Susquehanna and Western Railroad Tracks. Outflow 
via Westerly Brook to the Saddle River occurs during large storms. 

Lodi Brook drains an area of approximately 3.24 km2 (1.25 mi2). It begins on the western 
side of the Sears property in a low, marshy area that collects runoff from the Sears property, the 
Stepan Company property, and a small portion of MISS. From the general source area, Lodi 
Brook flows south approximately 2.8 km (1.8 mi) before joining the Saddle River 2.3 km (1.5 mi) 
downstream of the confluence of Westerly Brook and the Saddle River. Before being enclosed in 
culverts, the flooding of Lodi Brook probably contributed to the spreading of contamination. 

Groundwater in the Maywood area occurs in both the Brunswick Formation and the 
unconsolidated glacial deposits. The Brunswick Formation is a productive aquifer and a major 
water source for public and industrial use (Morton 1982; ANL 1984). Groundwater flows through 
weathered rock and secondary fracture openings in the Brunswick Formation, forming a system of 
tabular aquifers and aquicludes. Wells yield from 1.3 to 47 L/s (20 to 750 gpm). The water is 
moderately mineralized and moderately hard to very hard. 

The unconsolidated glacial deposits provide a more variable source of groundwater. Small 
yields, e.g., 0.13 L/s (2 gpm), are available from unstratified till deposits, whereas stratified 
stream and lake deposits yield as much as 57 Us (900 gpm). Based on local topography, the 
groundwater gradient in the atea is low. Flow is to the southwest towards the Saddle River, where 
superficial groundwater flow is likely discharged. A canvass of the area within a 2-mile radius of 
MISS located records for 60 wells drilled between 1954-82 that range from 20-201 m (65-650 ft) 
deep. Almost all of the borough of Maywood and township of Rochelle Park are served by a 
municipal water system supplied by the Oradell, Lake Tappan, and Woodcliff reservoirs (BNI 
1992). However, the groundwater resources within the classification review area were considered 
to be a potential source of drinking water. 
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Groundwater at the MISS generally flows from northeast to southwest. Figures 3-2 and 3-3 
(reproduced from the RI report, BNI 1992) show water level elevations at the MISS and adjoining 
properties as determined in June 1991 for the unconsolidated and bedrock formations. The 
monitoring well locations for these aquifers are also shown. Although there is no current drinking 
water use of groundwater in the Maywood area, direction of groundwater movement may be 
important in future scenarios. 

The Brunswick Formation and unconsolidated deposits are not separated by a continuous low 
permeability system; therefore, they behave as a single hydrologic system. Depth to ground water 
is shallow and ranges from approximately 1 to 4.6 m (3 to 15 ft) below ground surface (BGS). 
Water level elevations range from 12 to 16.5 m (39 to 54 ft) above mean sea level (MSL). 
Groundwater is continuous from the water table surface to at least the maximum depth of 
investigation [ 18 m (60 ft) BGS]. 

3.1.1.6 Soils 

Historically, the unconsolidated glacial deposits in the Maywood area were capped with a well- 
developed deciduous forest soil. However, extensive agricultural and urban development 
disturbed or destroyed much of this original soil horizon, and most of the current soil cover in the 
area may be classified as urban fill. Tests performed during the RI indicate that the soils could be 
classified as fine to coarse sand with a trace of gravel and silt or silt and fine sand with a trace of 
fine gravel. 

3.1.2 Land Use And Demography 

3.1.2.1 Current and Future Land Use 

Current land use around the Maywood area is summarized in Figure 3-4. The Maywood site is 
part of a large concentration of mixed commercial/industrial development adjacent to (east of) 
Highway 17. Other areas of commercial development and mixed commercial/residential are located 
along Highway 17 in the vicinity of the Maywood site. The area adjacent to and within the 
Maywood site is occupied by residences, limited commercial use, and light industry. Currently, 
52 residences are located within the Maywood site. MISS is zoned for commercial and industrial 
use. Municipal parks are also located within the Maywood site. 
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BASED ON AERIAL PHOTOGRAPHS, SITE VISITS AND USGS TOPOGRAPHIC MAP l/24000 SCALE. 
HACKENSACK, NJ QUADRANGLE (Photo Revised 1981) 

R Residential 
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E Educational 
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It is assumed that future activities will be limited to residences, municipal properties, 
highways, and commercial properties. Municipal properties, highways, and major 
commercial/industrial properties are assumed to maintain their function and condition for future use 
scenarios. The residential and light commercial properties are assumed to be interchangeable over 
the time period considered for this BRA. 

3.1.2.2 Relative Locations of Populations with Respect to the Site 

The Maywood site is located in a highly urbanized region northwest of the New York/Newark 
metropolitan area. The 1990 populations (Table 3-l) of the boroughs of Maywood and Lodi were 
9,473 and 22,355, respectively; the 1990 population for the township of Rochelle Park was 5,587. 
The 1990 population of Bergen County as a whole was 825,380, reflecting a 0.3 percent decrease 
(Table 3-2) from 1980. These numbers indicate that the population in the county has been 
relatively stable over the last 10 years. 

3.1.2.3 Subpopulations of Potential Concern 

In addition to the risk assessed for the Maywood vicinity, risk to the population in an 80 km 
(50 mi) radius around Maywood was evaluated. For the population risk estimate, it was necessary 
to develop an estimate of distribution and diversity of population in this area. The population 
distribution in the 80 km around Maywood was estimated from 1990 Bureau of Census data 
(Tables 3-l and 3-2). Figure 3-5 and Table 3-3 show the approximate population distribution 
within an 80 km (50 mi) radius from Maywood. This was determined by using the population data 
for New Jersey and New York and the population data for the metropolitan and zip code areas for 
the cities of population greater than about 10,000 people (Hoffman 1989). These urban area 
populations were subtracted from the total state population and then the nonurban population 
density was calculated (New Jersey was ~750 people/mi2 and New York was ~115 people/mi2). 
The nonurban population was uniformly distributed throughout the grid and then the local urban 
population was added back in for each grid sector. For areas within the state of Connecticut, the 
New Jersey nonurban population density was used since they are adjacent to the New 
York/Newark metropolitan area, and this would be a conservative assumption. The population 
data for nonurban areas of Connecticut would be much lower in general. 
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Table 3-1. 1986 and 1990 Population and 1990 Population Density 
in the Areas Surrounding the Maywood Site 

Region 

MaywoodBorough 
LodiBomugh 
Rtielle Park Township 
Bergen County 
New Jersey State 

Population 

9,780 
22,910 

5,320 
837,100 

7.625.300 

LandArea 1990 Persons Per 

Population km2 mi2 km2 mi2 

9,473 3.3 1.3 2.870.6 7,286.9 
22,355 5.9 2.3 3.789.0 9.719.6 

5,587 2.7 1.0 2.069.3 5587.0 
825,380 606.6 234.2 1.360.7 3,524.3 

7,730,188 19,214.S 7.418.8 402.3 1.042.0 

Bureau of the Census, U.S. Department of Commerce, 1990 CENSUS OF POPULATION 
AND HOUSING, SUMMARY POPULATION AND HOUSING CHARACTERIZATION, 
NEW JERSEY, August 1991, p. 135; Regional Economic Information System, Bureau of 
Economic Analysis, PERSONAL INCOME BY MAJOR SOURCE AND EARNINGS BY 
INDUSTRY, Table CA5, April 1991; Bureau of the Census, U.S. Department of Commerce, 
COUNTY AND CITY DATA BOOK, 1988, pp. 764-766. 
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Table 3-2. Trends in Population Growth, 1980-1989 
Bergen County and the State of New Jersey 

YCXU 

Bergen 
County 

Population 
(Thousands) 

County 
Change 

WJ) 

New Jersey 
State 

Population 
(Thousands) 

State 
Change 

(%) - 

1980 845.8 
1981 845.6 
1982 842.8 
1983 843.9 
1984 843.7 
1985 839.9 
1986 837.1 
1987 831.8 
1988 829.5 
1989 822.0 

-0.0 
-0.3 

-g 
-03 
-0.3 
-0.6 
-0.3 
-0.9 

7.376.3 
7,405.g 
7,427.6 
7,463-g 
7,511.3 
7.561.0 
7,625.3 
7,674.4 
7,721.l 
7,739.3 

::i 
- 

z-2 
0:7 iJ 
0.9 
E-2 v 

012 

AVG ANNL - 
GROWTH, 
1980-89 -0.3 0.5 

‘J 

Source: Regional Economic Information Systems, Bureau of Economic Analysis 
PERSONAL INCOME BY MAJOR SOURCE AND EARNINGS BY 
INDUSTRY, Table CA5, April 1991. 
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3.2 EXPOSURE SCENARIO DESCRIPTIONS AND AiSUMPTIONS 

In this BRA, two time-sequenced hypothetical exposure scenarios am considered: 

. current use - land use remains as it is now, and 

l future use - land use in some property units changes to a reasonable maximum 
condition, such as residential; annual exposure is calculated based on the one-year 
period in which maximum exposure occurs. 

3.2.1 Current Use Scenarios 

Receptors considered at the MISS, Stepan, and commercial/government properties consist of 
indoor and outdoor employees. Other potential receptors at these property units include transients 
who may be visitors, customers, commuters, trespassers, and temporary or contractor personnel. 
For the residential properties, the current use scenario assumes that the resident has a vegetable 
garden, and may drink from groundwater sources. The mean RME resident individuals include 
both childhood and adult years of exposure 

3.2.2 Future Use Scenarios 

Under the baseline condition, which assumes no remediation, the pile remains and no future 
land use change to residential would occur. Land use changes from DOE control to an industrial 
use. The future use scenarios at MISS are the same as the current use scenarios, with the addition 
of groundwater consumption by employees in the future scenario. The future use scenarios 
assume a child wading in Westerly Brook and Lodi Brook surface water and sediment for chemical 
exposure estimates. 

3.3 IDENTIFICATION OF EXPOSURE PATHWAYS 

A complete exposure pathway consists of the following four elements: (1) a source and 
mechanism of contaminant release to the environment (with receiving media), (2) an environmental 
transport mechanism (fate and transport) for the released contaminants, (3) a point of human 
contact with the contaminated medium (exposure point), and (4) a route of entry of the contaminant 
into the human receptor (exposure route) at the exposure point. An integration of sources, 
releases, fate and transport mechanisms, exposure points, and exposure routes is evaluated for 
complete exposure pathways. If any of these elements is missing, the pathway is incomplete and 
will not be considered further in the risk evaluation. 

L 92-155MLKI32993 3-15 



Conceptual site models were developed to illustrate the potential exposure pathways for these 
scenarios and locations. Figures 3-6 through 3-9 are schematic diagrams depicting the pathways. 
In the conceptual site model diagrams, shaded blocks indicate the receptors potentially exposed in L 
each completed pathway. Incomplete pathways occur when any of the pathway components is 4 
missing or when features such as engineering controls or access restrictions are in place to prevent 
release and migration of, or contact with, contaminants. Unshaded blocks indicate incomplete 
pathways. 

./ 

The principal contaminant sources at the Maywood site are contaminated soils, structures, and 
waste materials. A smaller amount of contamination is present in sediments, surface water, and 
groundwater. Release mechanisms include the following: 

- 

. human activity that can mobilize contaminants or result in direct contact with 
contaminants, 

. external gamma irradiation from contaminated soils and materials, 

. emanation of radon and/or volatilization of chemicals into the atmosphere, 

. wind dispersal of fugitive dust, 

. erosion. 

. surface runoff over contaminated soil following precipitation, - 

. leaching from contaminated surface and subsurface soils to groundwater, 

. transport from contaminated groundwater to surface water or sediment, and 

. plant or animal uptake. 
d- 

Environmental transport media include soil, air, surface water, stream sediments, and 
groundwater. The exposure points are any locations where receptors can be exposed to 
contaminants through any of the exposure routes. The exposure points may include dermal contact, 
ingestion, inhalation, and direct radiation. The potential receptors include residents, employees, 
and transients (occasional visitors, customers, trespassers, recreational users, and commuters). 
Each component of the exposure pathways is discussed further in the following sections. 

92-155MAI32993 3-16 
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3.3.1 Contamination Sources and Release Mechanisnk 

3.3.1.1 Radiological Contaminant Sources 

The primary source for radioactive contaminants is soil which became contaminated due to past 
spills, waste disposal, and liquid effluent releases. Wastes from thorium processing were released 
to settling ponds, where the radioactive contaminants migrated into the soil. These soils were 
conveyed to other locations by various means including surface water movement and 
sedimentation, construction activity such as excavation and filling, and use in residential gardens. 
Several structures on the Stepan property am contaminated. In isolated cases contaminated lumber 
has been used in home repairs. Various forms of process wastes were also disposed at the site 
Stored waste at MISS, which includes containerized waste and the interim storage waste pile, is 
also a potential source of contamination. 

3.3.1.2 Chemical Contaminant Sources 

Chemical contaminants also have been detected in soils, principally at the MISS and Stepan 
properties. These are listed among the COCs. 

Lithium and arsenic have been detected in groundwater at MISS. Arsenic is associated with 
thorium processing operations at the site, while lithium is associated with other, non-thorium 
processing activities at the site. Several halogenatcd organic compounds, including vinyl chloride 
(VC), tetrachloroethylene (PCE), trichloroethylene (TCE), chloroform (CHC13), and l,l- 
dichloroethene (DCE), have been detected in groundwater at MISS or Stepan at concentrations 
significantly above potential applicable or relevant and appropriate requirements (ARARs) 
(Appendix B). VC, TCE, and DCE have been detected in Westerly Brook, and PCE was detected 
in a shallow alluvial well and a bedrock well on the Ballod property. 

The source of these contaminants is not confirmed. Since these chemicals a& not found in the 
two upgradient wells, it is possible they originate at Stepan or MISS. 

Offsitc migration of the groundwater contaminants also is possible, but current data are 
inconclusive. Additional groundwater investigation is underway, and will be addressed in an 
addendum to the RI. Lithium and arsenic are detected in onsite groundwater but not in the Ballod 
wells. The halogenated organic compounds are detected in both onsite and offsite locations. 
However, because they are so frequently found in heavily populated, industrial regions like the 
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Maywood area, it is difficult to draw conclusions as to their origin. In view of the levels of 
chlorinated hydrocarbons in groundwater at the MISS and Stepan properties and the direction of 
groundwater flow, it is likely that these contaminants are migrating to the Ballod monitoring wells. 
The absence of lithium or arsenic in the Ballod wells may be due to differences in point of origin 
for thorium process wastes and organic materials or to differences in attenuation in the aquifer. 
Further information to help resolve uncertainties related to sources and potential offsite migration 
of contaminants is forthcoming as a result of the separate remedial investigation being conducted 
by the Stepan Company. 

- 
_ 

_ 

- 

3.3.1.3 Release Mechanisms For Radiological and Chemical Contaminants 

As illustrated in Figures 3-6 through 3-9, contamination may be released from contaminant 
sources in several ways including the following: 

l human activity such as excavation of soils, repair or demolition of structures, and 
management of stored waste; - 

. emission of radioactive gases or chemical vapors that escape the soils into the airborne 
environment where they or their progeny are inhaled by humans or deposited on the soil 
surface, plants, or structures; ..- 

l fugitive dust resulting from resuspension of particulate material from soil surfaces, where it 
is inhaled by humans or deposited on the soil surface, plants, or structures; L.J.-- 

. erosion and surface runoff, which may carry contaminants to sedimentation points or to 
surface water or groundwater; 

l leaching of material from the subsurface and surface soils, which may transfer 
contaminants to the surface water supply (Saddle River is not used as a drinking water 
source downstream of the Westerly Brook or Lodi Brook); and 

.A 

. 

. contaminant uptake from soil and/or attachment onto plant or vegetable surfaces with 
subsequent ingestion. 

3.3.2 Fate and Transport Mechanisms -- 

Upon release from sources, contaminants may migrate in environmental media by any of 
several transport mechanisms, including the following: 

l direct contact with contaminants and external irradiation; 

. emanation of radon, volatilization of organic chemicals, and resuspension of particulates in 
air; , 
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. surface water flow and the accompanying movement of sediments; 

l groundwater transport; and 

. uptake and retention of contaminants by plants or animals. (In the Maywood area, there are 
home gardens in which soil contamination could result in contaminants adhering to root 
crop vegetables. There are no domestic or game animals used for food in the Maywood 
area currently, and this medium of contamination transport is implausible for the future.) 

Because of site-specific factors, certain of these potential release mechanisms and receiving 
media do not play a significant role in contaminant fate and transport and resulting human exposure 
at the Maywood site For example, because of the urban nature of the site, limited wildlife and 
vegetation are present, and uptake by biota is not currently an important release mechanism except 
for home gardens. Similarly, due to the topographic features of the site, surface water runoff is 
not considered a significant transport mechanism; however, it may have been quite important in 
previous times before Lodi Brook and Westerly Brook were enclosed in culverts. Since 
contaminants have been identified in site groundwater, a future water ingestion pathway has been 
included. However, the groundwater in the area of the site is not currently utilized for drinking or 
other household purposes, and a current pathway is not included. 

The environmental release mechanisms and transport pathways that are considered most 
important for potential human exposures to site contaminants under current conditions include the 
following: 

. external gamma radiation from radioactively contaminated soils and materials, 

. emanation of radon gas from radium-contaminated soils, 

. resuspension and airborne dispersal of particulates, and 

. direct contact with contaminated soil and materials. 

An additional release mechanism and transport pathway that might become a significant factor 
in the future scenarios is soil contaminants leaching to groundwater. 

3.3.3 Exposure Points and Exposure Routes 

In the assessment of human health risk, exposure points are locations where human receptors 
can come in contact with contaminants. In Maywood, this could occur at any of the properties 
where contaminant sources exist onsite or offsite in cases where contaminants have migrated. 
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Exposure route refers to the specific process in which the contaminant at the exposure point 
enters the human receptor. The exposure routes that exist at the Maywood site are dermal contact, 
ingestion, inhalation, and direct radiation. More specifically the exposure routes consist of the 
following: 

l dermal contact occurring when contaminated soils, sediments, structural materials or stored 
waste are handled, or when contaminated groundwater or surface water is contacted while 
showering, swimming, etc.; 

l inhalation of radon and progeny, chemical vapors, or resuspended particulates; 

l direct ingestion of contaminated soils; 

. ingestion of locally grown plants that have absorbed radioactive material from the soil and 
water or have contaminants adhering to them; 

. ingestion of contaminated groundwater or surface water; and 

l direct gamma radiation from contaminated soils and structures. 

Because of the uncertainties in toxicological data for assessing dermal absorption for the 
Maywood site soil COCs a quantitative assessment of dermal absorption of contaminants from soil 
was not performed. Dermal contact with contaminated water is considered a possible exposure 
pathway for future residents using site groundwater. The most significant dermal contact with 
groundwater would be while showering. EPA interim guidance on the assessment of dermal 
exposure acknowledges that the currently available methods of deriving dermal permeability 
constants “can not and do not provide a reasonable estimate” for metals and defers this 
methodology to work currently under way (EPA 1991d). Therefore, in this assessment, possible 
dermal uptake of contaminants was not evaluated quantitatively. 

3.3.4 Radiological Exposure Pathways 

The same exposure pathways occur for the MISS, Stepan, and commercial/government 
properties, as shown in Figure 3-6. In the current use of these properties there are no residents, 
but there may be two categories of employees (indoor and outdoor). For properties with no 
buildings, employee occupancy is assumed to range between 1 and 10 hours per week, depending 
on actual employment conditions. This receptor also covers possible uses of company property for 
recreational purposes. Potential receptors also include transients, who may be visitors, customers, 
commuters, trespassers, and temporary or contractor personnel. 

L’ 
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.- 

92- 155hflA32993 3-24 



Conceptual site models for exposure pathways from soil/sediment and structure sources in 
residential properties and from soil/sediment sources in municipal parks are provided in Figures 
3-7 and 3-8. In the RI report, the municipal parks are included with the residential operable unit. 
In the risk assessment, they are separated because them arc no residents; but there are recreational 
park users such as children who may spend significant amounts of time in park playgrounds. 

Potential receptors for both current use and future use scenarios may include residents, 
employees, and transients, as appropriate for the particular property unit. However, the future use 
scenario assumes an RME condition for some properties where applicable (e.g., occupancy by a 
resident who grows a portion of his own food supply on the property.) 

In the conceptual site model for the MISS, Stepan, and commercial/government properties, 
inhalation of radon or radioactively contaminated particulates and direct radiation arc completed 
pathways for all receptors and scenarios (see Figure 3-6). For transients in the current scenario, 
controls on access to contaminants limit the ingestion pathway but might not be present in the 
future scenario. The incidental soil ingestion pathway is considered a complete pathway for 
current and future employees. 

i. 

The minimal extent of erosion and surface run-off eliminates these exposure pathways in all 
scenarios; before the enclosure of Lodi Brook and Westerly Brook in culverts through the site, 
surface water transport may have been a significant pathway. Completed groundwater pathways 
do not occur in current scenarios because groundwater in the area of the site is not currently used 
for drinking or other household purposes, but they may be complete pathways for future residents 
and employees. Ingestion of contaminated food is a complete pathway only for hypothetical future 
residents who may grow a portion of their produce in home gardens. 

i- Contaminated structures include underground piping, drains, manholes, and foundations as 
well as above-ground structures. Stored waste includes the material in the MISS pile and 
containerized waste such as that in Building 76. It does not include buried waste or residues from 
waste disposal ponds, which are considered part of the soil/sediment sources. Engineering controls 
and access restrictions eliminate pathways to stored waste for all except current or future 
employees who maintain the waste. 
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For residential properties, exposure to contaminated soils, sediments and structures may occur 
via complete pathways for inhalation, direct radiation, consumption of locally grown produce, and 
incidental soil ingestion for all scenarios and receptors (see Figure 3-7). Although there are 
groundwater wells in the area, there are no public water supply wells installed in the bedrock 
aquifer and no known current use of groundwater by residents. Exposure by drinking water 
ingestion is possible, although unlikely, in the future (BNl 1992). 

, 
\- / 

Them are no current residents at municipal parks; but recreational users, particularly children, 
may spend extended periods in contact with soil (see Figure 3-8). The present use exposure 
pathways for municipal parks includes inhalation, direct radiation, and incidental soil ingestion. 
No significant completed pathways exist for surface water or groundwater at the municipal park 
property units under current use conditions. The future use residential scenario described above 
may exist in the future if these properties are converted to residential use. 

- 

c 

3.3.5 Chemical Exposure Pathways 

Chemical exposure pathways at the Maywood site are shown in Figure 3-9. An exposure 
scenario is developed from an analysis of complete and incomplete pathways based on current and 
future land use conditions, the spatial organization of operable units, the presence of human 
receptors, the availability of exposure media, and the availability of human routes of exposure. The 
current and future scenarios are the same at properties where land use is assumed to remain 
unchanged (i.e., commercial/industrial) at MISS, Stepan, and Ballod. The data for the residential 
and commercial/government properties were limited and exposure scenarios and risk estimates 
were not developed for these properties. 

- 

+ 

The conceptual site model is shown in Figure 3-9. A conceptual model was developed to 
illustrate the potential exposure pathways for the current and future land use scenarios. The model 
includes the human receptors at the MISS, Stepan, and Ballod properties who may be affected by 
organic and inorganic chemical contamination in or migrating from soil and sediment 

- 

For the current use scenario, the receptors identified are employees and transients at the MISS, 
Stepan, and Ballod properties. The transient scenario addresses potential exposures for individuals 
who may spend limited time at these properties. The same receptors are included for the future 
land use scenario, with the addition of local resident children playing in Westerly Brook and Lodi 
Brook. Complete exposure pathways for employees and transients under current and future land 
use are considered to be dermal contact with and ingestion of soil and inhalation of vapors and 

- 

- 

, 
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particulates in ambient air. In addition, employees may be exposed to groundwatcr through dermal 
contact, ingestion, and vapor inhalation during hypothetical use of groundwater as potable water. 
Exposure to sediment and surface water are considered incomplete pathways for employees and 
transients who would not be expected to come into contact with the brooks. 

The complete exposure pathways identified for local resident children are based on contact with 
Westerly Brook and Lodi Brook downstream from  the M ISS, Stepan, and Ballod properties. 
They include dermal contact with and ingestion of stream  sediments as well as dermal contact, 
ingestion, and vapor inhalation for surface water. Local’resident children would not be exposed to 
soil, air, or groundwater at the M ISS, Stepan, and Ballod properties. 

At Maywood, the following chemical 6xposure assumptions control the chemical exposure 
scenarios. 

. 

. 

. 

Current industrial and commercial land use at the M ISS and Stepan will continue into the 
foreseeable future, with human receptors lim ited to the employee, the transient, a 
downstream resident child (surface water and sediment pathways), and a future resident 
who drinks groundwater; 

The chemical groundwater contamination is based on data from  the M ISS, Stepan, and 
Ballod properties, where all monitoring wells are installed. For the radiological 
assessments, exposure point concentration for future scenarios is modeled by the RESFUD 
program  on the basis of soil concentrations. The measured groundwater values are not 
used because there presently are no radiological COCs in groundwater. 

The Westerly Brook surface water and sediment contamination, found at sampling stations 
located downstream from  the M ISS, Stepan, and Ballod properties, will affect only the 
offsite, downstream resident (child) in Rochelle Park. 

Several additional assumptions pertain to the availability of exposure media, human routes 
of exposure, and completed pathways. 

.* As there are no public water supply wells installed in the bedrock aquifer, there are no 
completed pathways of exposure to the bedrock aquifer (BNI 1992). 

l As the M ISS Waste Storage Pile is physically and chemically isolated from  the ambient 
environment and expected to remain as an industrial site, it is assumed that no completed 
pathways exist for external exposure of human receptors to chemicals from  this source. 

l Oral ingestion of in situ surface soils and the inhalation of airborne soil particulates are 
complete pathways requiring a quantitative risk estimate for each affected human receptor. 
However, the potential exposure to contaminants in soils via inhalation of volatilized 
organic chemicals (vapors) or by dermal contact and absorption are deemed insignificant 
pathways and do not warrant a quantitative risk estimate. 
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3.4 EXPOSURE POINT CONCENTRATIONS 

Exposure point concentrations of contaminants must be determined for quantitative health risk -’ 
assessments. This may be accomplished by analyzing samples collected from locations where - 
human receptors may come in contact with the contaminants or by onsite measurements with 
chemical or radiation detection instruments. When laboratory analysis or onsite measurement data 
am not available, exposure point concentrations may be estimated using a variety of modeling - 
techniques. 

For the Maywood properties, laboratory analysis data are available for the radionuclides 
Th-232, Ra-226, and U-238 in surface and subsurface soil samples in most of the areas. Surface 4 
soils are generally defmed here as the initial 0 to 2 ft from the surface, whereas subsurface soils are 
generally greater than 2 ft deep. Groundwater radiological data for the MISS and adjoining 
properties were obtained by analysis of monitoring well samples as presented in the Rl report and - 
in environmental monitoring reports. Other locations were estimated by modeling. Soil 
radiological data (surface and subsurface) were used to estimate exposure point concentrations for 
the following pathways: external gamma irradiation, incidental ingestion, inhalation of radon, 
inhalation of particulates, and ingestion of homegrown produce. Because of the concentrations 
present and the limited contact with sediment by human receptors, the impact of radionuclides in 
sediment is included within the uncertainty in the impacts of soils. - 

Soil chemical data were available from laboratory analyses of site samples collected at the 
MISS, the Stepan property, residential properties, and commercial/government properties as 
presented in the RI report (BNI 1992). Surface soil samples are defined as chemical samples to a 
depth of 2 ft, as with surface soil radionuclide sample data. Groundwater, surface water, and 
sediment data utilized to determine chemical exposure point concentrations were also presented in 
the RI report (BNI 1992). 

‘- 

- 

- 

3.4.1 Soil Analyses and Calculated Contaminant Concentrations 

Radiological Data 

Radionuclide concentrations in surface and subsurface soils are presented in Table 3-4 A, B, 
C, and D. Each number shown in the table is a statistic, either the mean or ULgg, of the data set 
that includes all the sample analysis results for each property unit and radionuclide parameter 
indicated. 
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To estimate radionuclide concentrations for each property unit, the arithmetic mean and the 
ULg5 values of the arithmetic means for the radionuclide concentrations (i.e., Ra-226, Th-232, 
and U-238) at each property were calculated . Sample results reported as below the sample 
quantitation limit (non-detects) were considered in this analysis as present at the quantitation limit 
as a proxy concentration. Because it is assumed that the radionuclides are present in secular 
equilibrium, values were derived from the concentrations of these measured radionuclides for all 
other radionuclides in the decay series of interest 

Chemical Data 

Chemical concentrations in soils at the Maywood operable units are presented in Appendix E. 
A statistical evaluation of the data was completed for the surface soils data. The measured results 
were assumed to be log normal. For each operable unit data set, the bias estimator of the mean and 
the UL95 were used to derive the concentration values that are utilized as the soil exposure point 
concentrations for calculation of average and RME intakes, respectively. Statistical analysis 
indicated that the data in all operable units were not normally distributed. Sample results reported 
as below the quantitation limit (non-detects) were included in this analysis at one-half the 

. quantitation limit as a proxy concentration. 

-._ 

‘k _ 

It is assumed that soil concentrations will remain constant in the future scenario risk 
evaluations. Because of the uncertainty associated with any estimate of exposure concentration, 
the upper confidence limit on the arithmetic average (i.e., UL95) is used as the RME exposure 
point concentration (EPA 1989b). Although this concentration does not necessarily reflect the 
absolute maximum concentration that could be contacted at any one time, it is regarded as a 
reasonable maximum estimate of the concentration likely to be contacted over time (EPA 1989b). 

- 3.4.1.1 Exposure Point Concentrations for Incidental Soil Ingestion 

. . Radionuclide concentrations in surface soils (to a depth of 2 ft) were used to calculate incidental 
soil ingestion doses. This soil depth accounts for possible limited intrusion by current and future 
receptors into areas where contamination also is found below the ground surface. 

Exposure point concentrations utilized for chemical intake calculations for incidental soil 
ingestion are the arithmetic mean and ULg5 surficial soil concentrations for the identified exposure 
scenarios. In cases where the ULg5 exceeds the maximum measured concentration, the maximum 

l. 
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measured concentration is utilized as a proxy concentration for the RME estimate in accordance 
with EPA guidance (EPA 1989b). 

3.4.1.2 Exposure Point Concentrations for External Gamma Radiation 

Measured gamma exposure rate data were used where available. When no indoor data were 
available, outdoor data, corrected for shielding by building materials, were used. When no 
measured gamma exposure rate data were available, the RESRAD code was used to estimate them 
based on soil contamination levels. Exposure from external gamma irradiation is mainly from the 
top 0.3 m (1 ft) of soil due to gamma ray attenuation by the overlying soil at deeper depths. 
Therefore, the values of the data from the upper soil layer were used to calculate external gamma 
exposure. The RESRAD model incorporates an assumed erosion rate that exposes the subsurface 
soil over time. The dose reported for the future use scenarios is the higher of the present or future 
conditions. 

Details of external gamma dose calculations are provided in Gilbert et al. (1989) and are 
summarized as follows: 

Di = C&l,i x ETF x DCFi 

where: 

Q = exposure rate from radionuclide i (mrem/yr) 

C so&i = UL9g soil concentration of radionuclide i @X/g) 

ETF = environmental transport factor (gkm3) (accounts for density of soil material, 
thickness of contaminated zone and cover, occupancy factor, shielding factor, 
shape factor, area factor, and depth factor) 

DCFi = external gamma dose conversion factor for radionuclide i, 
(mrem/yr)/(pCi/cm3). 

Environmental transport factors provided in Gilbert et al. (1989) were used. It was assumed 
that the indoor external gamma exposure rate was reduced by 20 percent due to shielding afforded 
by structural materials (EPA 1991c). Direct radiation exposure is assumed to come from the top 10 

- 
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cm of soil since the dose rate is reduced by a factor of about 10 from shielding of the soil. No 
shielding is considered for the first 10 cm of soil to assure conservatism. 

3.4.1.3 Exposure Point Concentrations for Radon 

Rn-222 data are available for many of the property units. Where measured results were not 
available, radon concentrations in outdoor or indoor air, as appropriate for the various scenarios, 
were estimated from the concentrations of Ra-226 in soil. The values and the models for radon 
concentrations indoors and outdoors as discussed below were used to calculate exposure point 
concentrations for radon. The results of the modeling compare favorably with the limited radon 
concentration data. Thoron @n-220) emanation from soils was not considered because of the 
relatively short half-life compared to Rn-222. The short half-lie results in much less movement in 
the soil. 

Indoor Radon 

From the UNSCEAR (1988) report, the radon area exhalation rate from soil can be modeled 
using the equation below: 

R = hn x Fr x Csoil,Ra x psoil x LRII 

where: 

R = radon atea exhalation rate @J/m2 -set) 

hll = decay constant for Rn-222 (2.1 x lo6 set-l or 7.6 x low3 h-l) 

Fr = emanating power (0.2, based on Table 13 of UNSCEAR, 1988) 

csoil,Ra = mass activity concentration for Ra-226 (pCi/g) 

Psoil = soil density in g/m3 (multiply g/cm3 times lo6 to get g/m3) (1.6 g/cm3) 

LRn = diffusion length of radon in soil = [~ft+(X~xp~il,~)] l/2 
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kff = effective bulk diffusion coefficient &ff(m2/sec) (5 x 10T7) 
(UNSCEAR 1988) 

Psoil,ps = soil porosity (0.25) (UNSCEAR 1988)Psoi1. 

simplifying to: 

R = 0.656xCmil,~(pCi/m2 -SE) 

Assuming the house has a cracked concrete slab, the UNSCEAR (1988) model indicates that 
the emanation rate into the structure would be 25 percent of the soil emanation rate. The radon 
entry rate into the standard house, U (pCi/m3/hr), is estimated using the following equation: 

U = RxKxNxsfl 

where: 

U = Radon entry rate into hypothetical structure (pCi/m3 -h) 

K  = Slab attenuation factor (25) 

N = 3,600 se&h 

S f = surface area of the floor in m2 (100 m2 = 1,076 ft2) (UNSCEAR 1988) 

V  = volume of the house in m3 (250 m3) (UNSCEAR 1988) 

simplifying to: 

U = 236XCsoil,b (pCi/m3 -h) 

The radon concentration in a hypothetical structure, assuming the UNSCEAR standard house, 
can be estimated by the following: 

XRn = U/(h~+hv ) 

where: 

XRn = indoor radon concentration (pCi/m3) 

h = air exchange rate for residential structures in (1 h-l) (UNSCEAR 1988) 
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simphfying to: 

&ll = 234xC,a,~, (pCYm3) 

= 0.234XCfj& &&WL) 

The exchange rate was assumed to increase by a factor of 2 for commercial structures. 

Outdoor Radon 

The outdoor radon concentration depends on many meteorological and soil factors that control 
the release of radon to the atmosphere and its movement therein. The relationships are quite 
complex, making it difficult to estimate radon concentrations by means of modeling. The model 
for radon in the outdoor environment is based on the radon emanation factor from Office of Solid 
Waste & Emergency Response (OSWER) Directive 9285.7-OlB (EPA 1991b), e.g., Rn-222 
concentration in air of approximately 120 pCi/m3 per pCi/g of Ra-226 in soil. 

Calculated radon emanation rates and concentrations in indoor and outdoor air include only the 
contribution from Ra-226 in soil and do not consider contributions from building materials, 
underlying geologic features, or other potential sources unrelated to site contamination. 

3.4.1.4 Exposure Point Concentrations for the Inhalation of Particulates 

Radiological Data 

Air concentrations of radionuclide CGCs were derived from surface soil concentrations for the 
properties comprising the Maywood site. For the Maywood area, an ambient airborne dust loading 
of about 0.10 mg (100 p.g) of total particulates per m3 of air on the average and about 0.20 mg 
(200 pg) of total particulates per m3 of air for the RME (Gilbert 1983; Paustenbach 1989) has been 
assumed. Approximately 50 percent of the dust loading originates from soil or similar material 
(Trijois et al. 1980). For the Maywood site, it is conservatively assumed that 100 percent of the 
soil origin particulates are derived from the contaminated soil. Therefore, 50 percent of the 
airborne dust is assumed to originate from the contaminated soil. 

The respirable portion of the total particulate concentration is used as the exposure point 
concentration for all calculations involving the inhalation of particulates. For this assessment, 30 
percent is utilized as a conservative estimate (Paustenbach 1989). 
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The contaminant concentration in air is estimated for each radionuclide CGC as follows: 

Gir, avg. = Cc, avg. #X/g) X 0.1 mg/m3 x \ 

10S3 g/mg x 0.3 x 0.5 
where: 

C. an, avg. = average soil concentration of radionuclide i (pCiL) = operable unit data 
set arithmetic mean 

- 

0.1 mg/m3 = the average dust concentration in air (Gilbert 1983; Paustenbach 1989) 

10-3 g/mg = conversion factor 

0.3 = 30 % respirable portion of dust concentration in air (Paustenbach 1989) 

0.5 = 50% of total dust concentration in air originates from contaminated soil 
- 

(Trijonis et al. 1980) 
- 

and 
- 

Csoi1,RME.i = ULgg soil concentration of radionuclide i (pCi/g> x 0.2 mg/m3 x 
1O-3 g/mg x 0.3 x 0.5 

where: 

Csoil,RME,i = QJ~ soil concentration of radionuclide i @XL) = operable unit data set 
upper 95% confidence limit - 

0.2 mg/m3 = the RME dust concentration in air (Paustenbach 1989) -, 

IO-6 kg/mg = conversion factor - 
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0.3 

0.5 

= 30 %  respirable portion of dust concentration in air (Paustenbach 1989) 

= 50% of total dust concentration in air originates from contaminated soil 
(Trijonis et al. 1980). 

As with the incidental soil ingestion pathway of exposure, all particulate inhalation exposure 
scenarios utilize surface soil data. Where the ULg5 estimate exceeds the maximum measured soil 
concentration for the given data set, the maximum concentration is utilized as the soil concentration 
in the C&, RME calculation. The exposure point concentrations for particulates in air ate shown 
in Appendix E. 

The radionuclide exposure point concentrations for airborne radioparticulates are presented in 
Table 3-5. 

Chemical Data 

Air concentrations of chemical CGCs were derived from surficial soil concentrations for each 
operable unit at the Maywood site. The methodology used is equivalent to that presented 
previously for radionuclides. The equations and assumptions are the same with the exception that 
soil concentrations are given in mgkg and a 10-6 conversion factor is required. 

3.4.1.5 Exposure Point Concentrations for the Ingestion of Homegrown Produce 

Raa’iological Data 

The transfer of the radionuclide CGCs from soil to edible produce depends on many factors, 
such as plant species, pH of the soil, and chemical form of the contaminant. Radionuclide transfer 
was calculated using RESRAD (Gilbert, et al. 1989). The soil concentration for each radionuclide 
was mu ltiplied by the soil-to-plant transfer coefficient for each contaminant to derive the exposure 
point concentrations for homegrown produce for curtent and future residential proper&s. 

Chemical Data 

Chemical CGCs were not evaluated quantitatively for this pathway due to the unavailability of 
appropriate uptake factors for the chemical CGCs. 
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3.4.2 Groundwater 

There are two aquifers in the Maywood area. One, the alluvial aquifer, is associated with the 
overburden soils and the other with the bedrock. Additional groundwater investigation has been 
proposed and approved. 

3.4.2.1 Groundwater Ingestion 

Raaklogical Data 

Measured radionuclide concentrations in the bedrock aquifer fall well within the range of the 
background data for this medium in the Maywood area. Thus, no incremental radiological dose 
from the bedrock aquifer was projected. The alluvial aquifer is near the surface and is not currently 
used as a drinking water source. The municipal water supply system makes use of the alluvial 
aquifer for drinking water unnecessary. However, this water is not precluded from use; therefore, 
100 percent of the water consumed by a future resident was assumed to come from this source. 
These exposure point concentrations are shown in the exposure estimate tables in Appendix C, and 
in all cases are a negligible part of the total exposure. 

Chemical Data 

Data from groundwater aquifer sampling at the MISS, the Stepan property, and the Ballod 
property were combined for use as the exposure point concentrations for the groundwater ingestion 
pathway. The alluvial and bedrock aquifers were aggregated separately. Because water from the 
aquifers may be used, the groundwater ingestion pathway is included in the risk assessment as a 
complete exposure pathway. In the future use scenarios (employees and residents), 100 percent of 
the water consumed by an individual is assumed to be from either the alluvial aquifer or the 
bedrock aquifer. The arithmetic mean and UL95 concentration values from the statistical analysis 
of the data are utilized as the chemical concentration in water for the future employee average 
exposure and the RME for the future employee, respectively. The exposure point concentrations 
are presented in Appendix E. 

. 

Chemical contaminants which may be migrating from MISS are estimated based on the 
modeling and testing in support of the Toxicity Characteristic Leaching Procedure (TCLP) by EPA 
(Federal Register, Vol. 55, March 29, 1990 and Vol. 45, May 19, 1980). First, the groundwater 
migration velocities are calculated, (0.5 ft/yr to 153 ft/yr for the alluvial aquifer and from 0.5 ft/yr 
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to 1500 ft/yr for the bedrock aquifer). Therefore, it is conservative to assume the contaminants 
have arrived at the residential properties and reached a steady state. Second, the dilution 
attenuation factor (DAB) of 100 for every 500 feet down gradient away from MISS is used to 
calculate the concentrations downstream of the contamination source. The results are presented for 
both srithmetic mean and RME concentration values. The details can be found in Appendix E. 

- 
x-j’ 

_ 

3.4.2.2 Inhalation of Contaminants from Groundwater 

Radiological Data 

Rn-222 and Rn-220 are the only radionuclides with the potential to be volatilized from water at 
this site. Because of the low concentrations of Ra-226 and Th-232 in groundwater, the Rn-222 
and Rn-220 volatilization and contributions to indoor concentrations are projected to be negligible. 

Ra-226 (but no Rn-222) concentrations were measured in groundwater. Although no generally 
accepted correlation exists between dissolved Ra-226 and Rn-222 levels in groundwater, a 
nationwide survey comparing levels of dissolved Ra-226 and Rn-222 indicates that the radon 
concentration in groundwater at the Maywood site could be approximately 110 times higher than 
the Ra-226 concentration (Longtin 1988). Thus, a ratio of 11O:l was used to estimate the 
concentration of Rn-222 in groundwater from measured Ra-226 concentrations. 

The contribution to indoor radon levels associated with groundwater usage was estimated as 
follows. The concentration of Ra-226 in groundwater was multiplied by 110 to obtain the Rn-222 
concentration in groundwater. The resulting radon concentration in household air was obtained 
using a transfer coefficient of 1 x 10 4, relating the radon concentration in air (pCi/L of air) to that 
in water (pCi/L of water) (Cross et al. 1985). The results of these calculations indicate that the 
contributions from groundwater to radon in household air are less than 1 percent of the 
contribution from soil. This is consistent with results reported by others, noting the relatively 
small contribution water sources generally have to indoor radon levels (Cothem et al. 1986). 
Therefore, this source of radon was not further evaluated in this assessment. 

.- 

Chemical Data 

Inhalation of chemicals that have volatilized from groundwater may occur where there is 
domestic use of contaminated water such as showering. However, this was not considered a 
major exposure pathway in this assessment 

-i 
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3.4.3 Surface Water and Sediments 
, 

3.4.3.1 Radiological Data 

Westerly Brook travels through M ISS in an underground conduit where it receives site 
drainage. The brook surfaces downstream in a residential area before flowing into the Saddle 
River. There is lim ited accessible surface water at this site. The two creeks do not significantly 
recharge the groundwater system. They ate mostly contained in culverts, do not enter a drinking 
water source, and do not impact aquatic food supply. 

Radionuclide concentrations in surface water were found to be only marginally above 
background. The radionuclide concentrations in the small amounts of sediments present are similar 
to or less than in the surface soils. Thus, they are included in the assessment of impact of surface 
soils. 

3.4.3.2 Chemical Data 

Two downstream surface water and sediment sampling locations exist along Westerly Brook in 
the residential area in Rochelle Park. Because there is a possibility that children may wade and play 
in the accessible portion of Westerly Brook, the inadvertent ingestion exposure pathway is 
included in the BRA. Surface water contaminant concentrations are utilized as the exposure point 
concentrations for inadvertent ingestion of COCs by children while wading and splashing in the 
stream . There were no chemical COCs for sediments after screening; therefore, dose and intake 
were not estimated. These exposure point concentrations are presented in Appendix E. 

3.5 ESTIMATION OF CONTAMINANT DOSE AND INTAKE 

The estimates of contaminant dose and intake are based on the COCs information presented in 
Section 2, the exposure point concentrations discussed in Section 3.4, the assumptions given in 
Appendix D, and chemical intake calculation methodology presented in RAGS (EPA 1989b). 

Radiological Dose 

Dose conversion factors assumed in the RESRAD modeling are presented in Appendix D. 
Total radiation exposures for each location, scenario, and receptor are presented in Table 3-6. The 
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Table 3-6. Total Exposure Dose Summary 

LOCAlION 

RESIDENTIAL 

PROPERTY 
UNIT 

UNIT 1 

CURRENT USE SCENARIO I 
(mremlyr) 

1 . , Fmoiovee I Resident I T _^_^ :-_. I la, K.Icl,ll 
Mean RME Mean RME Mean RME 

I I I 9dC I I 

GOVERNMENT 

(mrem/yr) 
LOCATION I PROPERTY I Em&wee I I v 

GOVERNMENT 

.-/j 

- 

- 

L- 

- 
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more voluminous tabulation of incremental contributions to each total dose from each relevant 
pathway (i.e., via soil ingestion, water ingestion, particulate inhalation, direct radiation, and radon 
inhalation) are presented in Appendix C. 

Two point estimates are presented for radiation doses within each scenario as recommended by 
recent EPA guidance (EPA 1992d). The mean dose estimate represents the dose received by the 
hypothetical receptor, assuming mean values from the distributions of each exposure parameter. 
The RME assumes that tbe value for one or two most sensitive parameters within each pathway are 
the RME levels (ULg5) of the distribution for that parameter. A listing of the values and the 
sources for the average and RME parameters is given in Appendix C. 

The radiation doses were estimated for current and future use scenarios using the RESRAD 
computer code (Version 4.6) for the following pathways: 

l inhalation of radioactively contaminated particles; 

l ingestion, including both direct incidental ingestion of soil and ingestion of contaminated 
locally grown produce; the milk and meat pathways were not included since their 
production does not occur in the area; 

l drinking water ingestion (future residential groundwater usage was assumed to be 
100 percent of total drinking water); and 

l direct external exposure. 

Measured Rn-222 concentrations were used, where available, to estimate dose. When no data 
were available, radon doses were estimated using UNSCEAR (1988) methodology for indoor 
exposure and OSWER Directive 9285.7-OlB (EPA 1991c) emanation factors for outdoor 
exposure. The aquatic biota pathway was not included since it is not a significant contributor in the 
area; it was analyzed only to verify that it was not significant for any of the property units. 

All of the above-listed pathways were considered for residential receptors. For employee 
scenarios, the ingestion of drinking water and homegrown produce was not considered. The 
transient scenario does not consider the ingestion of local produce and drinking water from the site 
and includes a reduced occupancy on the property (52 and 520 hours/year). The transient user 
scenario is also considered to represent a reasonable range of exposure for employees working 
outdoors at commercial/government property units. The DOE-owned MISS site is treated as a 
standard commercial site, although DOE may elect to use much more stringent control of activities 
at this location. 
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Chemical Intake 

Chemical intake estimates are based on EPA methodology presented in RAGS (EPA 1989b) - 
and OSWER directive 9285.6-03 (EPA 1991b). Estimated chemical-specific intakes for each _ 
primary exposure pathway being quantitatively evaluated in this BRA are presented in Appendix E. 

The pathways quantitatively evaluated are those that are expected to be representative of the 
reasonable maximum Maywood chemical risk exposure based on evaluation of the available data, 
sample locations, sample frequency, and chemical contaminants screening. 

- 

Soil ingestion intakes were calculated for the current and future employee and transient at MISS 
and Stepan. Intakes also were calculated for inhalation of soil particulates by the current and future 
employee and transient at MISS and Stepan. Groundwater intakes were estimated only for future 
employees, and surface water and sediment intakes were estimated for the future offsite resident 
(child) at Westerly Brook. 

- 

_ 

- 

Point estimates are presented for chemical intake estimates in Appendix E as recommended by 
recent EPA guidance (EPA 1992d). The mean dose estimate represents the most likely dose 
received by the hypothetical receptor, assuming mean values from the distributions of each 
exposure parameter. The RME assumes that the value for one or two most sensitive parameters 
within each pathway are the RME levels (UL95) of the distribution for that parameter. A listing of 
the values and the sources for the average and RME parameters is given in Appendix C. 

The variables utilized in intake estimate calculations are presented with the intake calculation - 
discussion which follows. 

3.5.1 Scenario-Specific Assumptions and Intake Parameters 

The assumptions used to estimate radiological and chemical intakes for the receptors described 
in Section 3.3 are discussed in Sections 3.5.1.1 through 3.5.1.3 and Appendix D. Values 
assumed for scenario parameters, and the guidance they are based on, are presented in Table D- 1. 

3.5.1.1 Exposure Tie, Exposure Frequency, and Exposure Duration - 

Exposure time, frequency, and duration determine the total time a receptor is exposed to the 
contaminant source. Exposure time is the number of hours per day that a receptor is present at a 

i 
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specific exposure point. Exposure frequency is the number of days per year that the exposure 
occurs, and exposure duration is the total number of years over which exposure occurs. 

Two categories of employees are assumed: those who work at properties where there are 
buildings and, therefore, receive indoor exposure and those who work at properties where there 
are no buildings. Employee occupancy in the latter category is assumed to be represented by the 
transient user scenario, depending on employment conditions. 

-. 

For the current employee at MISS, Stepan, and the commercial properties, it is assumed that 
1.75 hours per day are spent outdoors onsite (ET=1.75). An 8-hour workday is assumed with 
1.75 hours including lunch, outside breaks and travel time to and from the building. The employee 
is assumed to work onsite 250 days a year (EF) for 25 years (ED) in the RME and for 7 years (ED) 
in the average exposure (EPA 1989b). Seven years is utilized as the average time spent at one job 
based on the ratio of 30 years at one residence as the RME and a 50th percentile of nine years at 
one residence as the average (EPA 1989b). No indoor chemical exposure is considered for the 
employee risk. The transient is assumed to travel across the property 10 hours per week for 350 
days per year (Table D-l) for 30 years under RME and for 1 hour per week for 9 years on the 
average (residential values utilized from EPA 1989b). 

The current and future resident scenarios assumed an exposure frequency of 350 days per year 
(EPA 1991b). The average indoor exposure time assumed was 16.4 hours per day, based on the 
average adult spending 115 hours per week indoors (EPA 1990). 

Residential drinking water intake estimates utilize a 350 d/yr exposure frequency for an 
exposure duration of 30 years (RME) and 9 years (average) (EPA 1989b). 

Surface water ingestion intake estimates for future residents assume an exposure frequency of 
7’events (days) per year, 1 hour per event (EPA 1989b). Because the child receptor is examined in 
the wading scenario at Westerly Brook, a 6 year exposure duration is assumed (EPA 1989b). 

3.5.1.2 Inhalation 

An inhalation rate of 5,500 m3/yr (15 m3/d), which is based on the average inhalation rate over 
an entire day (including periods of rest and light, moderate, and heavy activity) was used in this 
BRA for assessment of current and future resident scenarios (EPA 1991b). An inhalation rate of 
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20 m3 per 8-hour workday was used for assessment of current and future employee’scenarios 
(EPA 1991b). 

,.i 

The inhalation rate for the transient scenario was adjusted to account for greater activity and 
higher inhalation rates while working outdoors. An inhalation rate of 1.0 m3Ih was used; this rate 
is based on a combination of light and moderate activity and age-adjusted inhalation rates 
(EPA 1989a). 

- 

__ 

3.5.1.3 Ingestion Rates 
- 

Incidental soil ingestion rates are based on recent EPA guidance (EPA 199lb). For residential 
scenarios, a RME soil ingestion rate of 200 mg/d is assumed for children l-6 years of age and 
100 mg/d for other ages. The average and RME soil ingestion rates recommended for employees 
working primarily indoors are 30 mg/d and 50 mg/d, respectively and are adjusted based on 
occupancy (EPA 1991b). These rates were used in this BRA for employees at Maywood and the 
commerciaVgovemment properties. 

- 

- 

_ 

The average adult resident is assumed to eat 28 kg/yr of site-grown produce and the average 
child resident 17.5 kg/yr. The RME ingestion rate for the calculation of radiological contaminant 
intake from homegrown produce for the future resident adult and child scenarios was 28 kg/yr 
from residential gardens (EPA 1991b). Only vegetable intake is assessed because significant fruit 
production is unlikely in an urban setting. Also, fruits generally take up lower amounts of 
radionuclides and heavy metals (EPA 1991b). 

- 

- 

- 

A drinking water ingestion rate of 2 L/d was assumed for the RME and 1.4 Ud for the mean 
exposure (EPA 1991b); this pathway was assessed for the future resident and future employee - 
scenarios (i.e., EF = 350 dlyr and 250 d/yr, respectively). One-hundred percent of drinking water 
was assumed to come from site groundwater. 

- 

The surface water ingestion rate utilized for chemical intake estimates for the future child 
wading scenario is 0.05 L/h (incidental ingestion rate while swimming). - 
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3 .5 .1 .4  B o d y  W e igh t 

T h e  s tandard  a s s u m p tio n  fo r  adu l t body  we igh t is 7 0  kg  (155  lb)  ( E P A  1 9 8 9 a  a n d  
ICRP 1 9 7 7 ) . A  body  we igh t o f 7 0  kg  is, the re fo re , used  fo r  al l  e m p l o y e e  scenar ios,  fo r  th e  adu l t 
t ransient,  a n d  fo r  th a t po r tio n  o f th e  fu tu re  res iden t scenar ios  fo r  wh ich  a n  adu l t was  assessed . A  
body  we igh t o f 1 5  kg  (33  lb)  was  a s s u m e d  fo r  ch i ld  rec rea tiona l  a n d  res iden tia l  scenar ios  
( E P A  1 9 8 9 b ) . 

3 .5 .2  E x p o s u r e  Ca lcu la t ion  E q u a tio n s  fo r  So i l  a n d  H o m e  G r o w n  P r o d u c e  

3 .5 .2 .1  Rad io log ica l  Dose  F r o m  S o il Inges tio n  

Doses  assoc ia ted with th e  in take o f rad ioac tive con ta m inan ts resul t ing from  inc identa l  inges tio n  
o f sur face soi l  we re  ca lcu la ted us ing  R E S R A D  (Gi lbert ,  e t al. 1 9 8 9 )  as  fo l lows:  

D i =  Goi l j  X  IRS X  E F  X  DCFi  X  C F m  

w h e r e : 

D i =  dose  from  rad ionuc l ide  i ( m r e m )  

Goi l , i  =  soi l  concen trat ion o f rad ionuc l ide  i (pCi /g)  (ar i thm e tic m e a n  fo r  ave rage  
exposure  a n d  U L g 5  fo r  R M E )  

IRS =  soi l  i nges tio n  ra te  ( m g /d)  ( E P A  1 9 9 1 b )  

E F  =  exposure  f requency  (d /yr) 

DCFi  =  inges tio n  dose  convers ion  fac to r  fo r  rad ionuc l ide  i ( m r e m /pCi )  

C F m  =  convers ion  fac to r , l ow3  g /m g . 
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3.5.2.2 Chemical Intake Due To Soil Ingestion 

The equation used to calculate chemical intake for soil ingestion was obtained from RAGS .d 
(EPA 1989b) as follows: - 

Intake (mg/kg-d) = Cs x IRS x CF x FI x EF x ED 
BWxAT 

where: 

cs 

CF 

FI 

EF 

ED 

BW 

AT 

chemical concentration in soil (mg/kg) (chemical-specific arithmetic mean for 
average exposure and ULg5 for RME) 

soil ingestion rate (mg soil/d) as recommended by EPA (199 1 b) 

conversion factor (lo-6 kg/mg) 

fraction ingested from contaminated source (unitless): assuming that all of the 
ingested soil is from the contaminated source area for each scenario; therefore, 
FI=l 

exposure frequency (d/yr): receptor/scenario-specific time spent outdoors 
(Table D- 1) L 

exposure duration (yr): receptor/scenario-specific (Table D-l) 

body weight (kg) 

averaging time (days): the period for which exposure is averaged, AT is a 
pathway specific period of exposure for noncarcinogenic effects (i.e., ED X 
365 d/yr) and a 70 year lifetime for carcinogenic effects (i.e., 70 yr x 365 
dJyr = 25,550 d). 

- 

- 

- 

- 

/- 

- 

- 

Intake estimates for soil ingestion of chemical CGCs are presented in Appendix E. - 

. 

.- 
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3.5.2.3 Ingestion of Home Grown Produce 

Radiological Dose 

The RFSRAD code was used to calculate the radiological dose from ingestion of homegrown 
produce. The dose calculation is detailed in Gilbert et al. (1989) and summarized as follows: 

Di = Cplati x IRp X EF X MJfi X CFm 

where: 

Di = dose from radionuclide i (mrem) 

Cplantj = concentration of radionuclide i in homegrown produce (pCi/g) (Section 3.4.1.5) 

IRp = plant ingestion rate (kg/d) (EPA 1991b) 

CF,,, = conversion factor (1,000 g/kg) 

EF = exposure frequency (d&r) 

DCFi = ingestion dose conversion factor for radionuclide i (mrem/pCi). 

The estimated doses from ingestion of homegrown produce are included in the plant ingestion 
pathway for the residential receptor and presented in Appendix C. 

Chemical Intake 

As discussed in Section 3.3.1.5, chemical intake via ingestion of homegrown produce was not 
evaluated quantitatively because reliable uptake factors for the chemical CGCs were not available. 
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3.53 Equations for Exposure to Water 

3.5.3.1 Groundwater Ingestion 

Radiological Dose 

Radionuclide doses from ingestion of groundwater by future residents were calculated on the 
basis of exposure point concentrations in groundwater resulting from leaching from contaminated 
soils as predicted using RESRAD (Section 3.4.2.1). Scenario-specific assumptions on exposure 
time, exposure frequency, and exposure duration, and the assumed ingestion rates are given in 
Section 3.5.1. 

The doses associated with intake of radioactive contaminants resulting from ingestion of 
groundwater were calculated using RESRAD as follows: 

Q = Cgw,i x IRw X EF X DC& 

where: 

Di = dose from radionuclide i (mmm) 

Cgw,i = concentration of radionuclide i in water (pCi/L) (based on maximum level in 
groundwater for each property) 

- 

- 

- 

- 

= water ingestion rate (vd) 

EF = exposure frequency (d/yr) 

DCFi = ingestion dose conversion factor for radionuclide i (mrem/pCi) . 

Estimated doses from ingestion of radioactive contaminants in groundwater are presented in 
Appendix C. 

Chemical Intake 

The following equation was obtained from RAGS for the calculation of chemical intake from 
residential ingestion of groundwater utilized as a drinking water source (EPA 1989b). One 

- 

.- 

- 
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hundred percent of the total drinking water ingested is considered to be from either the alluvial or 
the bedrock aquifer in the future resident groundwater ingestion pathway. The equation is 
represented as follows: 

Int& (@kg-d) = C SW X IR EW X EF X ED 

BW x AT 

where: 

C gw = chemical concentration in groundwater (mg/L) (arithmetic mean utilized as 
average exposure, and ULg5 utilized as RME); at residential area, the value will 
be the concentration at MISS divided by a dilution factor of 100 for every 500 feet 
away from MISS. 

IR&y = EPA recommended water ingestion rate (vd) (Table D- 1) 

EF = exposure frequency (d/yr) (35Od/yr), (Table D-l) 

ED= exposure duration (‘yr) (Table D- 1) 

BW = body weight (kg) (Table D-l) 

. 
AT = averaging time (period over which exposure is average) AT is pathway-specific 

for noncarcinogenic effects (i.e., ED x 365 d/yr), and ‘IO-year lifetime for 
carcinogenic effects (i.e., 70 yr x 365dfyr = 25,550d). 

Intake estimates for soil ingestion of chemical CGCs are in Appendix E. 

3.5.3.2 Inhalation of Contaminants from Groundwater 

As discussed in Section 3.4.2.2, volatilization and subsequent inhalation of radon and 
volatile chemicals from domestic water use (e.g., showering) were determined to be negligible 
contributors to exposure at the Maywood site. 
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3.5.3.3 Ingestion of Contaminants from Surface Water and Sediment 

Radiological Dose L-Y 

- 
As discussed in Section 3.4.3 and Section 2, no radionuclides were identified as CGCs for 

surface water. -. 

Chemical Intake 
- 

The following equation was obtained from RAGS (EPA 1989b) for ingestion of surface 
water while swimming. This equation is utilized for the estimated chemical intake calculations for 
the future child resident and recreational user playing and wading in the accessible downstream 
reach of Westerly Brook. 

_ 

- 

C 
Intake (mg/kg-day) = 

s,x, x CR x ET x EF x ED 

BW x AT - 

Gw = chemical concentration in water (mg/L) (mean concentration for average exposure - 
and Ub5 for RME) 

L- 

CR = EPA recommended contact rate (L/h) (Table D-l) 

ET = exposure time (h/event) 1 h/event (EPA 1989b) 
- 

EF = exposure frequency (even&Jyr) 7 dlyr (EPA 1989b) 

ED = exposure duration (years) 6 years for child (EPA 1989b) - 

BW = body weight (kg) (Table D- 1) - 

AT = average time (days): a pathway-specific period over which exposure is averaged 
- for noncarcinogenic effects (i.e. ED x 365 dayslyr or 6 yr x 265 dfyr = 2190 d) 

and for noncarcinogenic effects a 70 year lifetime (i.e., 70 yr x 365 days/yr = 
25,550 days). - 
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The contaminant intake calculation for ingestion of sediment during the surface water 
scenario is the same as the equation for soil as recommended by EPA (EPA 1989b). It is as 
follows: 

Intake (mg/kg-day) = csed X IR x CF x FI x EF x ED 
BWxAT 

Csed 

IR 

CF 

FI 

EF 

ED 

BW 

AT 

= chemical concentration in sediment (mg/kg) (chemical-specific arithmetic mean for 
average exposure and Ub5 for RME) 

= child soil ingestion rate (mglday) (Table D-l) 

= conversion factor (lo-6 kglmg) 

= fraction ingested from contaminated source (unitless). It is assumed all of the 
ingested sediment are from the contaminated stream sediment source; therefore, 
FI=l 

= exposure frequency dlyr receptor/scenario-specific time spent wading/playing in 
brook 

= exposure duration (yr) 6 years for child (EPA 1989b) 

= body weight (kg) (Table D- 1) 

= average time (days): a pathway specific period over which exposure is averaged for 
noncarcinogenic effects (i.e., ED x 365 d/yr) and for carcinogenic effects a 70 year 
lifetime for carcinogenic effects (i.e., 70 yr x 365 d/yr = 25,550 days). 

i 

-, 

.~ 
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3.5.4 Equations for Exposure to Air 

3.5.4.1 Inhalation of Radon - 

The doses resulting from inhalation of Rn-222 and its short-lived decay products were based 
on the exposure point concentrations in both indoor and outdoor air (Section 3.4.1.3), using the 
following method: 

- 

&II = J&I + &IO 
- 

ELI = Ch-1 x ECFCI x 1WL x RTT x 12 months/yr x NWCF 

100 pci/l 

EGO = X~n-0 x ECFO x IWL x RTC x 12 months/yr x NWCF 

- 

100 pci/l 

where - 

ER,, = radon exposure in working level months (WLM) 
i_ 

Em & ERGO = exposure for indoor and outdoor exposure, respectively (WLM) 

C&-I & CR,,Z~-~ = radon concentration for indoor and outdoor, respectively (pCi/L) 
- 

ECFI & ECFo = equilibrium factors for indoor and outdoor air (.45 and .l, respectively) 

RTI & RTo = fraction of the year spent indoors and outdoors at the location, respectively 

NWCF = correction factor to WLM. (A WLM is defined in terms of 170 hours of _ 
exposure per month. The average month contains 730 hours, yielding a 
correction factor of 4.3) - 

WL = working level -- 

These doses are not true radiation doses but are actually exposures expressed in WLM. The 
WLM unit was used because the risk of inhalation of radon decay products is typically expressed 
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in this unit (1 WLM is approximately equivalent to 1,000 mrem [ICRP 19851). The estimated 
doses associated with the inhalation of Rn-222 decay products are presented in Appendix C. 

3.5.4.2 Inhalation of Particulates 

Radiological Dose 

Radiation dose estimates and chemical intakes for the inhalation pathway were calculated using 
the exposure point concentrations in air discussed in Section 3.4.1.4. Dust concentrations for 
indoor exposure were assumed to be 46 percent of those outdoors (Alzona et al. 1979). 

The RESRAD code was used to calculate the radiological dose from the inhalation of airborne 
radioactive particulates. The dose calculation is detailed in Gilbert et al. (1989) and summarized 

- 

- 

.~. ._ 

__ 

- 

_~ 

as follows: 

Q = Ck,i x FA x EF x IR x DCFi x CFT 

where: 

Q 

FA 

CFT 

EF 

IR 

DCFj 

= dose from radionuclide i (mrem) 

= air concentration of radionuclide i (pCi/m3), which is based on the soil 
concentration (Section 3.4.1.4) 

= area factor, dimensionless (represents the fraction of airborne dust that is 
contaminated) 

= conversion factor (24 h/d) 

= exposure frequency (d/yr) 

= inhalation rate (m3/h) 

= inhalation dose conversion factor for radionuclide i (mrem/pCi) 

The estimated doses for the identified receptors resulting from the inhalation of airborne 
radioactive particulates are presented in Appendix C. 
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Chemical Intake 

The following equation was obtained from RAGS for the calculation of chemical intake from .J 
inhalation of airborne particulates (EPA 1989b). All exposure is assumed to occur outdoors. The - 
OSWER guidance addresses adult exposure only for 30 years; this exposure duration is not 
modified as in intake estimates for soil ingestion (EPA 199 1 b). - 

Intake (mgkg-d) = C air xIR,xET xEF x ED 
BW x AT 

where: 

Can = contaminant concentration in air (mg/m3) (Section 3.4.1.4) 

IRa = inhalation rate (m3/d) (Table D-l) 

- 

- 

- 

- 
ET = exposure time (h/d) (receptor-specific time spent outdoors; Table D- 1) 

EF = exposure frequency (d/yr): receptor-specific (Table D- 1) 
- 

ED = exposure duration (yr): receptor-specific (Table D-l) L,- 

BW = body weight (kg) (Table D-l) 

AT = averaging time (period over which exposure is average days), pathway-specific - 
for noncarcinogens (i.e., ED x 365 d/yr) and a 70-year lifetime for carcinogenic 
effects (70 yr x 365 dlyr = 25,550d) 

Estimates of inhalation intakes for chemical CGCs are presented in Appendix E. 
- 

3.5.5 Summary of Radiological Exposure Estimates - 

3.5.5-l Maximally Exposed Individuals -- 

Total annual radiological dose estimates for the Maywood property units are given in 
Table 3-6. In compiling these dose tables, contributions were calculated for soil ingestion, water _ 

L’ 
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ingestion, inhalation of particulates, and direct radiation. The contribution from inhalation of radon 
was calculated separately and added to the total of other doses to obtain the total dose. These 
incremental dose components are provided in Appendix C. The annual doses for the Maywood 
property units also are presented in coded maps for all scenarios and receptors in Figures 3-10, 
3-lla, 3-11, and 3-lla. 

The graphical presentation of total dose for the Maywood properties includes five ranges: cl0 
mrem/yr, lo-25 mrem/yr, 25-100 mrem/yr, 100-500 mrem/yr, and >500 mrern/yr. The 10 
mrem/yr threshold is selected to provide an order of magnitude reduction of the primary public 
dose limit of 100 mrem/yr to account for potential multiple exposures. A 10 mrem/yr limit is also 
imposed by the EPA NESHAPs for doses from airborne radioactive material and is the threshold 
for reporting per DOE Order 5400.5. The 25 mrem/yr breakpoint is specified in 40 CFR 
192.41(d) for maximum whole body dose to the public from thorium ore processing operations. 
The 100 mrem/yr limit is the primary DOE dose limit to the public from all sources of radiation, as 
described in DOE Order 5400.5, Chapter II. The 500 mrem/yr upper breakpoint is the maximum 
annual dose limit to the public (for a single year only) ahowed by DOE Order 5400.5. 

The significance of the exposure estimates must be kept in perspective. The modeling 
procedures on which the estimates are based are extremely conservative and tend to 
overestimate exposure. 

3.5.5:2 Average Population Dose 

The population dose from the airborne dispersion of radioactive particulates to a radial distance 
of 80 km (50 mi) was estimated using MICROAIRDOS. The average dose, for the estimated 
population of 10 million people in the area considered, is 14,000 person-rem, or 1.4 mrem/yr per 
person, which is considered insignificant in comparison to the natural background level. 
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3.5.6 Summary of Chemical Intake Estimates 

Estimated intakes or chemical COCs are summarized in Appendix E. Estimated intakes for 
incidental soil ingestion were calculated for the current employee and transient at MISS and the 
Stepan property. Average exposure intakes and BME intakes were calculated utilizing arithmetic 
mean soil concentrations and ULgg soil concentrations, respectively, as the exposure point 
concentrations. Surface soil statistical data were utilized as the exposure point concentration for all 
scenarios. All current scenarios assumed an adult receptor. 

Inhalation intakes included the assumptions for airborne contaminated particulate dust 
concentrations discussed in Section 3.4.1.4. Intakes were calculated for average exposure and the 
BME for the curmnt and future employee and transient at MISS and the Stepan property. 

Average and RME groundwater intakes were estimated for the future employee or resident 
utilizing the combined groundwater data from MISS, Stepan, and Ballod, for the alluvial and the 
bedrock aquifers separately. It was assumed that 100 percent of the total water intake is derived 
from the contaminated source. 

Average and RME surface water intake was estimated for the future child resident wading and 
playing in Westerly Brook. A 50 mL/event contact rate was assumed, which is conservative 
because it is EPA’s recommended contact rate for surface water ingestion while swimming. 
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4. TOXICITY ASSESSMENT 

‘L.- This section briefly summarizes the effects of ionizing radiation and chemicals on exposed 
populations. Methods used to evaluate toxicity am discussed. 

4.1 RADIATION TOXICITY 
k. 

The potential health effects associated with exposure to radionuclides at the Maywood site are 
due to low-level ionizing alpha, beta, and gamma radiation emitted by the members of the Th-232, 
U-238, and U-235 decay series (see Figures 2-1 through 2-3). Primarily, effects include an 
increase in the occurrence of cancer in irradiated individuals and possible genetic effects that may 
occur in future generations. The risk of serious genetic effects is much lower than the risk of 
cancer induction (EPA 1989a). Therefore, genetic effects are not the focus of this toxicity 
assessment, and radiological risks are evaluated only with respect to incremental cancer 
probabilities per EPA guidance (EPA 1989a). Non-radiological health effects of uranium are 
considered as appropriate in the chemical toxicity section. 

i 

-L-’ 

i_ 

v 

Radiation-induced health effects for humans have been confirmed only at relatively high doses 
or high dose rates with large populations. For low doses, health effects are presumed to occur but 
can only be estimated statistically. Risk estimates are strictly applicable only to large populations, 
because the appearance of health effects after an exposure is a chance event. Predicting health 
effects with certainty for small populations (e.g., one person) is not possible. For purposes of 
radiological impact assessment, the health effects are measured by cancer incidence in the exposed 
population. However, risk estimates in the low-dose range are uncertain because of extrapolation 
from high doses and because of assumptions made on dose-effect relationships and the underlying 
mechanisms of carcinogenesis. Radiation effects in the exposed population cannot he readily 
identified since radiogenic cancers are indistinguishable from those occurring as a result of other 
factors. Studies of populations chronically exposed to low-level radiation, such as those residing 
in regions of elevated natural background, have not shown consistent evidence of an associated 
increase in the risk of cancer. 

‘,-- 

\ -’ 

The exposure routes can be separated into either external or internal exposure. External 
exposure occurs when the radioactive material is outside the body. Internal exposure occurs when 
the radioactive material enters the body by routes such as inhalation or ingestion. Inhaled material 
can be exhaled, expelled from the lungs to be spit or swallowed and excreted, deposited in the 
lungs, or absorbed by the blood and relocated to systemic organs where it may be excreted over 
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time. Some ingested material enters the blood and is either excreted in the urine or feces or 
relocated to other organs and excreted over time; most insoluble ingested material is not absorbed 
into the blood but is excreted directly in the feces. 

During the radioactive decay processes in the thorium, uranium, and actinium series, alpha, 
beta, and gamma radiations are released. Each type of radiation differs in its physical properties 
and in its ability to induce damage to biological tissue. The BEIR IV report (NRC 1988) addresses 
the risk from radon and alpha radiations. Alpha particles are a hazard principally when taken into 
the body because, in external exposure, they are unable to penetrate the dead skin cell layer of the 
body before reaching living tissue. Within the body, alpha particles are the most effective of the 
three types of radiation in damaging cells because their energy is completely absorbed by tissue. 
The BEIR V report (NRC 1990) addresses the risk from low linear energy transfer (LET) radiation 
such as gamma and beta particles. Beta particles are primarily an internal hazard; however, in 
cases of external skin exposure, energetic beta particles can penetrate living skin cells, representing 
an external hazard as well. Beta particles deposit less energy to small volumes of tissue than alpha 
particles and, therefore, induce much less damage than alpha particles. Gamma radiation is 
primarily an external hazard because it can penetrate tissue and reach internal organs without being 
taken into the body. 

4.1.1 Radiation Toxicity Related to the Maywood Site 

Exposure to a high dose of radiation (e.g. a thousand times the average annual background 
dose rate) during a short period of time (a few hours) produces detrimental effects in all the organs 
and systems of the body. However, such acute exposures are not credible at the Maywood site. 
The only possible exposures at Maywood are chronic low-level exposures. Although lethal effects 
in human populations for chronic low-level exposure have never been documented, the effects 
have been projected from animal experiments at high doses and dose rates. Studies assessing the 
difference between acute (short period) and chronic (long term) exposures show that radiation 
effects decrease dramatically during the period when a given exposure being administered is 
extended (NRC 1990). Thus for sites like Maywood, where all exposures are longer term and low 
level, there will be no immediate effects. Rather the statistical impacts of possible increases in 
cancer or genetic changes are the only credible potential radiation effects (NRC 1990). 

d 
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The radionuclides that occur at the Maywood site include the Th-232, U-238, and U-235 decay 
series. The toxicity of the various radionuclides is based on: 

l the types and energies of radiation they emit, 

l the biological (functional) importance of the organ/tissues being irradiated, 

l the radiological sensitivity of the organ/tissue being irradiated, and 

l for internal exposures only - metabolic behavior in the body and biological retention 
characteristics in the body. 

These factors were considered by the International Commission on Radiological Protection 
(ICRP), which established the concept of the committed effective dose equivalent (CEDE) to 
measure the detriment of exposure to radiation or radioactive materials. The CEDE value is 
calculated based on the models and criteria established by ICRP (e.g., ICRP 1977 and 1978) to 
ahow quantification of this detriment, using all of the factors discussed above. Thus an estimate of 
risk from exposure to radiation or radioactive material may be made by determining the CEDE and 
multiplying by a dose-to-risk (e.g., cancer risk) conversion factor. The radiogenic cancer risk 
factor has been estimated by the National Academy of Sciences (NAS) in BEIR IV (NRC 1988) 
and BEIR V (NRC 1990). For detailed discussion of radiation dosimetry and toxicity, the reader 
is referred to publications of the ICRP (1977, 1978), NAWNRC (1988, 1990), and UNSCEAR 
(1988). 

4.1.2 Methods of Evaluating Radiation Toxicity 

For this BRA, a risk factor of 6 x 10-7/m, (EPA 1989d) was used to estimate the likelihood 
of cancer induction from radiation exposure. EPA used this risk factor to develop revisions to the 
National Emission Standards for Hazardous Air Pollutants (NESHAPs) for radionuclides under 
Section 112 of the Clean Air Act (EPA 1989d). It is a lifetime average value and believed to be 
representative of conditions defined for the exposure scenarios at the Maywood site 

The BEIR V study (NRC 1990) also presents a detailed description of current data on the 
health risks associated with radiation exposure A mortality risk factor of about 8 x lo-7/mrcm is 
estimated in the BEIR V report. However, not all radiation-induced cancers are fatal, i.e., the 
cancer mortality rate is about 60 percent of the cancer induction rate given on average (EPA 
1989d). A cancer induction rate of about 1.3 x lo-6/mmm for acute exposures can thus be inferred 

\ 
-i 
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from the results presented in the BEIR V study. However, BEIR V estimates were derived 
primarily from data on acute exposures (a single instantaneous exposure), and the BEIR V report 
suggests that it is appropriate to reduce this risk by applying a dose rate effectiveness factor of two 
or more in cases of continuous low-level exposure. Thus, the radiation risk factor of 6 x lo-7per 
mrem used in this report is consistent with the value recommended in BEIR V. 

EPA also has developed guidance for radiological risk assessment that is generally consistent 
with existing guidance for assessing chemical carcinogenic risks, except that it consists of a 
two-phase (i.e., dual-endpoint) evaluation (EPA 1989c). For the first phase, radiation doses are 
calculated for all relevant radionuclides and pathways for the purpose of comparing CEDEs with 
established radiation protection standards and criteria. For the second phase, carcinogenic risks are 
calculated for the radionuclides of concern in a manner similar to existing methods for chemical 
carcinogens by using an age-averaged lifetime excess cancer incidence per unit intake (and per unit 
external exposure). To support this second evaluation, EPA has developed cancer incidence 
factors per unit intake that are analogous to the slope factors developed for chemical carcinogens. 
A preliminary evaluation, presented in Appendix G, indicates that estimates of potential health risk 
based on this approach would be less conservative than those presented here. 

In this BRA, the risk of cancer induction from inhalation of Rn-222 decay products has been 
estimated by converting Rn-222 exposure (in WLM) to mrem for CEDE. National Commission on 
Radiation Protection and Measurements (NCRP) report number 92 (NCRP 1987) indicates that 1 
WLM is equal to about 14 rem. Weighting this by the 0.12 lung weighting factor (ICRP 1978) 
results in a CEDE of 1,000 mrem per WLM. 

4.2 CHEMICAL TOXICITY 

4.2.1 Chemical Contaminants of Concern for the Maywood Site 

-- 

-1 

Chemical CGCs in soil and groundwater at the Maywood site are identified in Section 2 and 
summarized in Tables 2-4 to 2-15. Toxicological properties of the chemical COCs, including both 
carcinogenic and noncarcinogenic factors ate summarized in Table 4- 1. The table briefly describes 
chemical routes of exposure, critical effects, and carcinogenicity of the chemicals. 
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4.2.2 Methods of Evaluating Chemical Toxicity 

Toxicity values used in the risk characterization of Maywood chemicals of concern are also 
presented in Table 4-l. This table includes supporting toxicological information along with source 
identifiers. Toxicity values used in risk calculations include the chronic reference dose (RfD) for 
noncarcinogenic risk and the slope factors (SF@ for the carcinogenic risk. 

‘-” 

L,-’ 

The chronic RfD is defined as “an estimate of a daily exposure level for the human population, 
including sensitive subpopulations, that is likely to be without an appreciable risk of deleterious. 
effects during a lifetime” (EPA 1989b). If the sum of the ratios of intake to RfD value (i.e., hazard 
indices) for all contaminants is less than 1, noncarcinogenic toxicity is unlikely. The SF is 
defined as a “plausible upper-bound estimate of the probability of a response (i.e., cancer) per unit 
intake of a chemical over a lifetime” (EPA 1989b). The SFs multiplied by the estimated lifetime 
intake levels yield lifetime cancer risk estimates. Both RfD and SF values are specific to the route 
of exposure (e.g., either ingestion or inhalation exposure). 

4.2.2.1 Chemicals For Which EPA Toxicity Values are Available 

The EPA Integrated Risk Information System (IRIS) database was used to provide up-to-date 
toxicity values to use in Maywood risk calculations. When values were not available in IRIS, the 
1992 EPA Health Effects Assessment Summary Tables (HEAST) were used (EPA 1992a). A 
chemical may be under review or re-examination by EPA according to IRIS, and a value still may 
be obtained from HEAST. When values were not available in IRIS or HEAST, the Superfund 
Health Risk Technical Support Center-Environmental Criteria and Assessment Office (SHRTSC- 
ECAO) was contacted. Provisional or interim values were obtained for these COCs if they were 
available. 

EPA RfDs are available for 40 of the chemicals of concern. Oral SFs are available for 29 of the 
chemicals of concern. Inhalation SFs and reference concentrations (RfCs) are available for only 12 
carcinogenic and 7 noncarcinogenic chemicals of concern, respectively. Due to the potential for 
inaccuracy, derivation/conversion of RfCs to Rfds is not recommended (HEAST) and was not 
employed in the risk assessment. As noted in Table 4-1, the toxicity values for several chemical 
contaminants of concern have been withdrawn from IRIS or are currently under review by EPA 
and are not listed. Toxicity values in HEAST were used in this event, when available. When 
toxicity values could not be obtained from either IRIS or HEAST, the SHRTSC-ECAO 
was contacted. 
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4.2.2.2 Chemicals For Which No EPA Toxicity Values are Available 
‘4 

A number of the chemical CGCs presently do not have RfDs and/or SFs for determination of 
potential noncarcinogenic and carcinogenic health effects from oral and inhalation exposure. The 
possible impacts of the absence of the risk estimation for these contaminants is discussed in 
Section 5.3. 

Chemical toxicity data for the radioactive element thorium is not available in IRIS or found in 
HEAST. Therefore, this element was not carried through the quantitative risk assessment 

No RfD values specific to dermal absorption are currently available. The extent of dermal 
uptake of a chemical can be influenced by many factors including the form of the chemical, the “- 
condition of the skin (e.g., the presence of abrasions), and the medium in which the chemical is 
present (e.g., water, oil-like substance, or soil). Generally, uptake from solids (e.g., soil) is much 
less efficient than uptake from liquids, partially because hydrated skin is more permeable than dry 
skin (Klaasen et al. 1986). Therefore, when soil is the contaminant source, ingestion and 
inhalation exposure are likely to be far more significant pathways of uptake than dermal exposure. 
In addition, because EPA policies are still evolving on how exposure via the dermal pathway 
should be estimated, dermal exposure via soil was not included in the quantitative exposure 
estimates derived in Section 3. 

’ 

- 

L-. 

As shown in Table 4- 1, EPA-derived RtD values incorporate uncertainty factors to account for 
data that were used but would not apply to chronic exposures in the most sensitive human 
subpopulations. In general, the use of these uncertainty factors provides confidence that exposure 
levels less than the RfD values are unlikely to cause toxic effects. However, the RfD values may 
actually be much lower than levels that will cause toxic effects in sensitive human subpopulations. 

- 

J  
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5. RISK CHARACTERIZATION 

This section presents risk estimates for reasonable current use and hypothetical future use 
scenarios for human receptors at the Maywood site. Human receptors include residents, 
employees, and transients. Radiological risks and chemical risks are estimated separately. The 
overall human health risk from exposure to both radiological and chemical contaminants 
is discussed. 

For the radiological assessment, risk is defined as the lifetime probability of cancer morbidity 
and does not include genetic or noncarcinogenic effects. For the chemical COCs, cancer risk 
estimates and hazard index (HI) estimates are presented, as appropriate, where toxicity values 
are available. 

Cancer risks are estimated as the incremental probability of an individual developing cancer 
over a lifetime as a result of pathway-specific exposure to carcinogenic contaminants. Cancer risks 
are related to the EPA target range of lo-‘t to 10-e for incremental cancer risk at NPL sites. 

EPA does not presently use a probabilistic approach to estimate the potential for 
noncarcinogenic health effects (EPA 1989b). Instead, the potential for noncarcinogenic effects is 
evaluated by comparing the average daily exposure (intake) over a specified time period (exposure 
duration) with a reference dose (EPA 1989b). This ratio of exposure is called a hazard quotient 
(HQ). HQs for each COC are then summed to obtain an HI for the specific pathway. An HI 
greater than one has been defined as the level of concern for potential adverse noncarcinogenic 
health effects (EPA 1989b). 

5.1 RISK CHARACTERIZATION METHODOLOGY 

5.1.1 Radiological Risk 

=. 

\ 

\-, 

I- 

Exposures to low levels of ionizing radiation could result in cancer induction, genetic effects, 
or other detrimental health effects, The predominant health concern potentially associated with the 
radioactive contaminants at the Maywood site is the induction of cancer. The radiological health 
risks presented in this BRA are limited to this concern. This approach is consistent with EPA 
guidance, which notes that, generally, the risk of cancer is limiting and may be used as the sole 
basis for assessing the radiation-related human health risks for a site contaminated with 
radionuclides (EPA 1989b). 
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Risk from exposure to radioactive contaminants was estimated following EPA (EPA 1989d), 
BEIR IV (NRC 1988), and BEIR V (NRC 1990) recommendations. As discussed in Section 4, 
for the purposes of this BRA, a population-weighted average excess risk of cancer of 6x10-7 per 
mrem was’ assumed. The radiation doses associated with the scenarios considered in this 
assessment am presented in Section 3 (Table 3-6.). These doses are expressed as CEDE resulting 
from a l-year exposure, in millirem/year, for all exposure routes. The risk factor, the annual dose 
in mrem, and the number of years of exposure are multiplied to obtain estimates of lifetime cancer 
morbidity risk. 

EPA cancer SFs as presented in the 1992 HEAST tables (EPA 1992a) also were used to assess 
radiological risk. A comparison between the EPA SF methodology and the conventional approach 
(dose x risk) indicated a reasonable agreement between approaches for predicted risk (Appendix 
G). The dose/risk method was selected for presentation in this BRA because it allows for the 
maximum use of site-specific exposure information and is consistent with the approach mandated 
in DOE Order 5400.5 (DOE 1990). 

The radiological risks associated with exposures to contaminants at the Maywood site are to be 
considered as risks produced in addition to risks from exposure to natural sources of radiation. 
Radiation exposure from natural sources of radioactivity results in an annual dose of about 300 
mrem/yr: 200 mrem/yr from exposure to Rn-222 and its short-lived decay products and 100 
mrem/yr from exposure to other natural sources of radiation (NCRP 1987). The radiological 
health risks given in this document are reported as incremental risks above that resulting from 
exposure to background radiation. This was done to facilitate comparison with EPA’s target risk 
range, which does not include the contribution from background sources of radiation. Using the 
radiological cancer risk factor given above, this background dose results in a lifetime risk of cancer 
induction of approximately 1.3 percent (1.3 x 10m2). EPA has estimated that the individual lifetime 
risk of fatal cancer associated with background radiation, including radon, is 1 x 10-2 (EPA 
1989b). 

5.1.2 Chemical Risk and Hazard Index 

5.1.2.1 Cancer Risk 

The risk to an individual resulting from exposure to chemical carcinogens is expressed as the 
increased probability of a cancer occurring over the course of a lifetime. To calculate the excess 

L’ 

L,- 

, 

L- 

.- 

- 
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cancer risk, the estimated daily intake averaged over a lifetime is multiplied by a chemical-specific 
SF. Oral and inhalation pathway-specific SFs have been derived by EPA for certain carcinogens; . 

LJ some carcinogens do not have an SF available or are presently under review by EPA. All slope 
factors utilized in the risk estimate calculations presented in Appendix E were obtained from 
EPA’s IRIS (EPA 1992b). If the slope factors were not available on IRIS, they were obtained 
from EPA’s HEAST (EPA 1992a). If slope factors were not available from IRIS or HEAST, 
EPA’s Superfund Health Risk Technical Support Center-ECAO was contacted and interim or 
provisional SFs obtained for use in the risk characterization where available (EPA 1992~). 

The SF converts estimated daily intakes averaged over a lifetime of exposure directly to the 
incremental risk of an individual developing cancer (EPA 1989b). The carcinogenic risk estimate is 
generally an upper-bound estimate because the SF is typically derived as the upper 95 percentile 
confidence limit of the probability of response based on experimental animal data (EPA 1989b). 
Thus, EPA is reasonably confident that the “true risk” will not exceed the risk estimate derived 
through use of the SF and is likely to be less than that predicted (EPA 1989b). The estimation of 
daily intakes (averaged over a lifetime) resulting from exposure to the chemical carcinogens of 
concern was described in Section 3.5, and available SFs were identified in Section 4.2. 

5.1.2.2 Hazard Indices 

The potential for adverse health effects other than cancer is evaluated as the ratio of the daily 
intake for the exposure period over the RfD. This ratio is called the HQ. The RfD is a provisional 
estimate of the daily exposure to the human population, including sensitive subgroups (with 
uncertainty spanning perhaps an order of magnitude). The RfD is a reference dose below which 
appreciable risk of deleterious health effects during a lifetime for chronic exposure, or during a 
portion of a lifetime for subchronic exposure would not be expected to occur (EPA 1989b). EPA 
has derived RtDs for both chronic and subchronic exposure periods. In accordance with 
Super-fund guidance, chronic exposures for human beings range in duration from seven years to a 
lifetime; and subchronic human exposures range in duration from two weeks to seven years 
(EPA 1989b). Because the potential exposures considered in this BRA are for periods of more 
than seven years, only chronic RfDs are considered. The estimated average daily intakes resulting 
from exposure to the chemical COCs at the site are presented in Appendix E, and the RtDs for 
these contaminants ate identified in Section 4.2. 

The noncancer HQ assumes that there is a level of exposure (the RfD) below which it is 
unlikely for even sensitive populations to experience adverse noncarcinogenic health effects 
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(EPA 1989b). If the intake exceeds this threshold (i.e., Intake/RfD exceeds unity or 1) there may 
be concern for potential adverse noncarcinogenic health effects (EPA 1989b). The greater the ratio 
(In-), the greater the level of concern (EPA 1989b). The HQs for each chemical addressed 
in the intake and exposure pathway are summed to obtain the HI, which allows assessment of the 
overall potential for noncarcinogenic health effects (EPA 1989b). When the HI exceeds unity (1). 
there may be concern for potential adverse health effects. For exposure to multiple chemicals, as at 
Maywood, a summed HI which exceeds unity (HI>I) indicates a potential health risk, even if no 
single chemical exposure exceeds its RtD @IQ<l). 

i-’ 

.c 

5.2 RISK ESTIMATES FOR THE MAYWOOD SITE 

For clarity of presentation, the risk estimates resulting from potential radiological and chemical 
exposures are presented separately in the following sections. In each property unit and exposure 
scenario, estimates are presented for the average exposure conditions (mean receptor) and the 
reasonable maximum exposure conditions (RME receptor). Overall risk is discussed in 
Section 5.4.3. 

52.1 Radiological Risk Estimates 

The radiological risks for the Maywood Property Units are presented in shaded maps for all 
scenarios and receptors in Figures 5-1, 5-la, 5-2, and 5-2a. Remedial action may be selected 
based on protection of human health and the environment and compliance with ARARs. The risk 
ranges presented on the maps are ~10-6, 10-o to 10-5, 10-5 to 10-4, 10-4 to 10-3, and ~10-3. 

Potential risks as a result of exposure to contaminants found at the Maywood site were 
estimated for reasonable current uses and hypothetical future uses of the site properties. 
Radiological risk estimates are discussed in Section 5.2.1.1 for current use and in Section 5.2.1.2 
for future use. 

The potential receptors and routes of exposure to contamination at the respective property units 
comprising the Maywood site are summarized in Section 3.2. Exposure point concentrations and 
doses are presented in Sections 3.4 and 3.5. The estimates of radiological risk consider exposure 
to contaminated soil and sediment, indoor and outdoor air, and groundwater. 

-’ 

L’ 
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Contaminated soil has been identified in various areas at the Maywood site, as indicated by the 
characterization and environmental monitoring results. Air is being considered because of the 
potential for transport of airborne radioactive particulates from  contaminated soil, radon gas from  
radium  contaminated soil, and external gamma irradiation from  contaminated soil. 

5.2.1.1 Current Use Scenarios 

Risk estimates for potential exposure from  current site use are presented in Table 5-l. The 
highest estimated risks are for the RME employee and resident at Property Unit 1, the RME 
employee and transient at Property Unit 6H (the field on the M ISS property, in front of building 
76), and the RME employees at Property Units 3H (Stepan), 6 (MISS), and 7H 
(Sears/DeSaussute), which exceed the EPA target range by a factor of 10 or greater. 

Radon and direct gamma irradiation combined contribute greater than 90 percent of the 
radiological risk to most receptors. The radon contribution to Property Unit 1 residents is 
43 percent and 76 percent of the total risk for mean and RME conditions, respectively. Direct 
gamma irradiation constitutes the remainder of the Property Unit 1 risk. Residential Property Unit 
2 doses approach background, with plant ingestion contributing to the majority of the risk. The 
radiological risks from  plant ingestion are highly uncertain. The radiological risk to transient 
receptors at all property units is almost entirely derived from  direct gamma irradiation. The 
exceptions to this are Property Unit 6B (Ballod) and Property Unit 8 @cannel), which have 
significant radon-related risks. These radon risks am based entirely on modeled data and also are 
highly uncertain. 

The estimated mean carcinogenic risk for employee receptors at the various property units 
ranges from  7~10~~ to 4x10-5. RME risks range from  4x10-3 to 2x10-4. The employees at 
Property Unit 7H (Sears/DeSaussure) are estimated to receive an excess carcinogenic risk of 
6x10-4 and 4x10-3 for mean and RME conditions, respectively. The mean risks for residents 
range from  3~10~~ to 3x10-5. The RME risks range from  4x10-3 to 2x10-4. The mean risks to 
transients range from  2x10-5 to 2x10-7. The RME risks range from  3x10-4 to 9x10-5. 
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Table 5-l. Radiological Risk Summary 
CURRENT USE SCENARIO 

LOCATION I PROPERTY Employee Resident Transient 

RESlDENTlAL 

ClTZPl)rl 

UNIT Mean RME Mean RME 1 Mean RME 
UNlT 1 SE-0’ ’ I= ,-+., ’ I 

UNlT 2 3E-C 
I Iklrr Q nc nc I cc-nA 

Iv -PC-w 

I5 2E-04 
0 I crn,r “I”, I u , CTL-UU , “L-v-7 , 2E-07 9E-05 

UNlT 3H 1 2E-04 1 lE-03 1 
‘1UNICIPAL PARKS 1 UNlT4 ! 2E-06 9E-05 

t= 
COMMERCIAL/ 
GOVERNMENT 

UNIT 5 4E-05 
UNIT 6 (MISS) .5E-04 zt-u. 
UNIT 6H 7E-04 -- -’ 
UNIT 6B 
UNIT 7 ] SCYJ 
UNIT 7H 1 6E-04 , *c-w , I I I 
UNIT 6 I I I 1 2E-05 1 3E-04 

FUTURE USE SCENARIO 

2E-04 
..r 1 3 2E-05 4E-04 
.x-d 9E-05 3E-03 

(BALLOD) 1 1 E-05 2E-04 
I *r-r I ,?,-.A , 4=-w+ , I I I I Al-flsJ I I 

LOCATION PROPERTY Employee Resident Transient 
I lhlrr klsmn EIL”E Llsan q k”c hlra.. OL”C 

ESIDENTIAL vu.,, , I I ( “L-w , TL 
UNIT 2 I I 7EAE; I ‘)tz 

* IT3 1 9E-05 

I “I.8 I , ,.1u_11 I IWIL , ,.,wm,, I ll”lL w,om11 I ,W,L 

I I lhlrr , I I I Bf-nA I AK-03 

“L-V” LL-04 
6E-04 UN 

UN--- II an I nrna , Lc-w lE-03 
UNII+ t-r” I I I , ec-w , IC nr -’ “-03 
I IkIn- !z I I “A ’ “= “’ ’ 6E-w 1 

I 
“I”,, .J I I , CL-W , 

Pt-alhlCPPlbl I ’ ‘*‘IT 6 (MISS) 1 5E-04 1 2E-03 I 
n-P!4 I  f&c nr I  cc  n-a 

““,.II.,LI l”lr4Y 

GOVERNMENT 
“I. 

UN,, v,, , *L-VI , .aLW 1 
UNlT 68 (BALLOD) 1 1 6E-03 5E n0 
I IkIn- 7 I I ’ 2E-0” -= - .ac n I 
“,.#I I I I I 
I lkln- 7Y I I I 

-9 , cc-03 
“I.,, ,I, I I 1 .z-u3 1 2E-02 
UNIT 6 1 6E-04 1 7E-03 1 

RME = Reasonable Maximum Exposure 
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5.2.1.2 Hypothetical Future Use Scenarios 
L 

‘-. 

L 

. . 

Risk estimates for potential exposure from hypothetical future property use are presented in 
Table 5- 1. The estimated radiological risks for RME receptors at all property units exceed the EPA 
target risk range. Maximum estimated risks are for future RME residents at Property Units 6B 
(Ballod) and 7H (SearsJDeSaussure), which exceed lo- 2. Dominant exposure pathway risks in 
the future use scenarios are similar to those in the current use scenarios in that radon and direct 
gamma irradiation contribute the bulk of the risk to the resident and employee receptors, with direct 
gamma irradiation contributing most of the risk to transients. The majority of the estimated mean 
carcinogenic risk for employee receptors is attributed to direct gamma irradiation and radon 
daughter inhalation. Direct measurements were used for direct gamma and for radon when they 
were available. Property Unit 8 is assumed to change from a vacant lot (current receptot=transient) 
to a commercial/industrial enterprise (future receptot=employee). 

The risks to future residents on properties subject to land use changes (i.e. from commercial 
use or vacant property to residential use) are estimated to range from 6x10-3 to 2~10~~ (mean) and 
5x10-2 to 8x10-4 (RME). The risks to the residents on the existing residential units (1 and 2) are 
expected to remain constant. The future land use for Property Unit 6H is assumed to remain 

_--- unchanged. 

5.2.1.3 Risk to Offsite Receptors 

The projected excess cancer rate for the total population within 80 km (50 mi) around the 
Maywood site is approximately 600 cancers per 10 million people. This risk is estimated when the 
calculation is truncated at individual doses of less than 1 mxem/yr, a small percentage of natural 
background (cl percent). The variation in natural background (not including radon) is on the 
order of 10 percent to 15 percent (NCRP 1987). Given the presumed background lifetime cancer 
risk from the typical 300 mrem/yr dose from natural background of one percent, for 10 million 
people this would be a cancer risk of 100,000 cancers from natural background radiation in the 80 
km area around Maywood. Therefore, the contaminants at the Maywood site constitute a very 
small fraction of the total local cancer incidence rate attributed to background radiation 
(0.6 percent) and an even smaller fraction of the total cancer incidence rate from all sources 
(approximately 20 percent of the population in the U.S. develop cancer). 
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This population risk evaluation is intended for use in as low as reasonably achievable 
(ALARA) evaluations consistent with the requirements of DOE Order 5400.5 (DOE 1990) and the 
implementing guidance for remediation activities (Gilbert et. al. 1989). This information also can 
be used to support the remedial action decision based on impacts to the surrounding community 
(EPA 1991~). DOE Order 5400.5 (DOE 1990) mandates that DOE implement the ALARA process 
in all activities. The ALARA process requires that after the applicable radiation protection limits 
(e.g., dose) are met, the dose/risk shall be further reduced as low as reasonably achievable, taking 
into account technical, economic, and social factors. 

i 

d 

+’ 

5.2.2 Chemical Risk and Hazard Index Estimates 

Estimates of risk to site receptors resulting from exposure to chemical carcinogens are 
presented in Table 5-2, expressed as the increased probability of a cancer occurring over the course 
of a lifetime. Estimates am presented for both mean and RME conditions. 

Chemical-specific intakes and carcinogenic risks are tabulated in Appendix E. Risks could be 
estimated only for those chemicals of concern with a toxicity value currently available from IRIS 
(EPA 1992b) or HEAST (EPA 1992a), or from interim or provisional values available from the 
Superfund Health Risk Technical Support Center - ECAO and EPA Region II (EPA 1992c). 

The potential for adverse noncarcinogenic health effects is expressed as chemical-specific HQs, 
which are tabulated in Appendix E. HQs were tabulated for all chemicals of concern where 
reference doses are currently available (EPA 1992b; EPA 1992a; EPA 1992c). HQs are summed 
for each pathway to provide a total HI for the pathway. The pathway-specific and total pathway 
HIS are presented in Table 5-3. 

Current receptors considered in the assessment of chemical risks at the Maywood site are 
employees and transient visitors to the site. Soil ingestion and airborne particulate inhalation were 
the pathways considered for employees and transients. For the hypothetical future use scenario, 
employees and residents were considered to ingest groundwater, and a future resident child 
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Table 5-2. Summary of Chemical Risk-Carcinogens 

- 

i 

. 

k.- 

CURRENT USE SCENARIO 

Location/Pathway 

MISS 
Soil Ingestion 
Particulate Inhalation 

Stepan 
Soil Ingestion 
Particulate Inhalation 

Westerly Brook 
Surface Water Ingestion 

Employee Resident Transient 
Mean RME Mean RME Mean RME 

5 E-07 6 E-06 3 E-07 2 E-01 
3 E-07 2 E-05 3 E-08 1 E-O! 

4 E-06 2 E-05 2 E-06 1 E-O! 
3 E-08 4 E-07 2 E-09 3 E-O 

Lodi Brook 
Sediment Ingestion 

FUTURE USE SCENARIO 

-0cationlPathway 

WISS 
Soil Ingestion 
Particulate Inhalation 

stepan 
Soil Ingestion 
Particulate Inhalation 

westerly Brook 
Surface Water Ingestion 

.odi Brook 
Sediment Ingestion 

Employee Resident Transient 
Mean RME Mean RME Mean RME 

5 E-07 6 E-06 3 E-07 2 E-Of 
3 E-07 2 E-05 3 E-08 1 E-O! 

4 E-06 2 E-05 2 E-06 1 E-DE 
3 E-08 4 E-07 2 E-09 3 E-07 

2 E-07 4 E-07 

a a 

Alluvium Groundwater 
Near Sources 
500 ff away 
1000 ft away 

3 E-04 4 E-03 1 E-03 1 E-02 
1 E-05 1 E-04 
1 E-07 1 E-06 

a = Risk value was not calculated due to the absence of EPA slope factors. 
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Table 5-3. Summary of Noncarcinogenic Hazard Indices 

CURRENT USE SCENARIO 

Location/Pathway Employee Resident Transient 
Mean RME Mean RME Mean RME 

MISS 
Soil Ingestion 2 E-02 2 E-01 6 E-03 6 E-O: 
Particulate inhalation a a a a 

Stepan 
Soil ingestion 1 E-02 4 E-02 4 E-03 1 E-O: 
Particulate inhalation a a a a 

Westerly Brook 
Surface Water Ingestion 

Lodi Brook 
Sediment Ingestion 

FUTURE USE SCENARIO 

Location/Pathway Employee Resident Transient 
Mean RME Mean RME Mean RME 

MISS 
Soil Ingestion 2 E-02 2 E-01 6 E-03 6 E-O; 
Particulate Inhalation a a a a 

Stepan 
Soil Ingestion 1 E-02 4 E-02 4 E-03 1 E-O; 
Particulate Inhalation a a a a 

Westerly Brook 
Surface Water ingestion 4 E-03 9 E-03 

Lodi Brook 6 E-03 2 E-02 
Sediment Ingestion 

Alluvium Groundwater 
Near Sources 
500 fl away 
1000 ft away 

7 E+OO 3 E+Oi 2 E+Ol 9 E+Ol 
2 E-01 9 E-01 
2 E-03 9 E-03 

a = Risk value was not calculated due to the absence of EPA reference doses. 
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was considered to be exposed to surface water and sediments while playing in Westerly and Lodi 
Brooks. Based on available data from the RI report, potential cancer risk and noncancer health 
hazards were estimated for reasonable current uses and hypothetical future uses (Tables 5-2 and 5- 
3). ._ 

5.2.2.1 Current Use Scenarios 

i 

Under the current use scenario, none of the estimated cancer risks exceeded the EPA target 
range (Figure 5-3). Risks for RME exposures range from 2x10-5 to 3x10-7. The potential risk 
from surface soil ingestion was highest for both current employees and transients at the Stepan 
property. The principal contributors to risk for this pathway were arsenic and PAHs at both 
Stepan and MISS. The potential risk from airborne particulate inhalation was higher at MISS than 
at Stepan. Chromium was the sole contributor to inhalation risk at MISS as was arsenic at Stepan; 
however, risk could not be calculated for PAHs because no inhalation SF was available. 

The HIS for current employees and transients were all less than one, indicating no concern for 
potential adverse noncancer health effects (Figure 5-4). There were no available reference doses 
for estimating potential risk from particulate inhalation. The estimated HIS were essentially similar 
at both properties. Chromium and uranium were the principal contributors to the health hazard at 

_ ._-.* MISS, and arsenic and uranium were major contributors at Stepan. 

5.2.2.2 Future Use Scenarios 

For the future use scenarios, none of the estimated cancer risks exceeded the EPA target range, 
except for ingestion of groundwater by the future employee and resident (Figure 5-S). The 
groundwater pathway was assumed incomplete for the future transient. Groundwater risks for 
shallow (alluvium) groundwater ingestion by an employee are 3x10-4 (mean) to 4x10-3 (RME) 
(Table 5-2). Resident risks would be slightly higher if the residence was near the source, but may 
be lower for residences further away. The groundwater was considered a continuum; therefore, 
risks were not estimated for individual properties. The risk attributable to ingestion of bedrock 
groundwater was approximately one order of magnitude less than that for exposure to shallow 
(alluvium) groundwater. The risk from groundwater ingestion principally was due to arsenic, 
tetrachloroethylene, and vinyl chloride. 

‘- 
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i 

The cancer risk from soil ingestion and from particulate inhalation for future employees and 
transients at MISS and Stepan are the same as those for the current use scenario. 

The cancer risk from average exposure to a future resident child playing in Westerly Brook was 
estimated to be 2x10-7 with a value of 4x10-7 for RME exposure from surface water ingestion 
(Table 5-2). Arsenic is the principal contributor to this risk estimate. 

There were no COG in Westerly Brook sediments or Lodi Brook surface water and no SFs 
for estimation of risk from sediment ingestion exposure in Lodi Brook. 

The principal noncancer health hazard at the Maywood site is due to groundwater ingestion. 
No other complete pathways, for which His could be calculated, exceeded the concern threshold of 
one (Figure 5-6). The health hazard from ingestion of shallow (alluvium) groundwater ranged 
from 7 (mean) to 30 (RME) for future employees, and approximately the same for respective mean 
and RME exposures to bedrock groundwater. The hazard index for residents near the source 
would be higher, but residents further away may have lower HI. The groundwater pathway was 
assumed to be incomplete for the future transient. In the shallow groundwater, arsenic, chromium, 
lithium, and manganese contributed 50, 10, and 30 percent respectively to the HI. In bedrock 
groundwater, manganese accounted for approximately 90 percent of the HI. 

The HIS for future employees and transients for the soil ingestion and particulate inhalation 
pathways at MISS and Stepan are the same as those for the current use scenario. The HI from 
exposure to a future resident child playing in Westerly Brook or Lodi Brook ranged from 2x10-2 
to 3x10-3 indicating no concern for adverse noncancer health effects. 

5.3 UNCERTAINTY IN THE ASSESSMENT PROCESS 

. . 

The evaluation of radiological and chemical risks to human health presented in this BRA was, 
by necessity, based on a number of assumptions. In addition, many uncertainties are inherent to 
the risk assessment process. This section provides additional discussion of the rationale for the 
major assumptions used in this assessment and associated uncertainties, in order to address their 
potential impact on the results contained herein. 
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5.3.1 Uncertainty in Radiological Risk Estimates 

5.3.1.1 Contaminants of Concern (WCs) 

The identification of COCs for a human health evaluation relies on information from site 
characterization activities and the application of a selection process. Considerable data have been 
collected for the site under both DOE’s environmental monitoring program and the site 
characterization effort. The COC selection process was designed using EPA guidance to identify 
those contaminants that contribute most to the estimates of excess risks. 

Soil is the primary focus of this assessment relative to forthcoming cleanup decisions and is 
considered to be fairly well characterized for radiological contaminants. The radiological risks for 
soil were based on reported radionuclide concentrations, as provided in the RI report and a wide 
range of other reports (summarized in Appendix A). Analyses were conducted for only selected 
radionuclides of the U-238 and Th-232 decay series. No other naturally occurring, accelerator- 
produced, or fission product radionuclides were considered. This approach is consistent with the 
history of site operations (Le., as a thorium processing facility) and the characteristics of 
radionuclides in these two decay series (i.e., the half-lives of the various radionuclides). 

Because not all radionuclides were reported for each sample location, a property-wide analysis 
may under estimate the radiological risk from exposure to a particular region of soil. Further, the 
majority of the properties were bias sampled at amas of elevated gamma radiation levels. Shielding 
by overlying materials may have attenuated the gamma activity, allowing oversight of subsurface 
deposits. The property unit-wide analysis considered direct gamma irradiation, ingestion, and 
inhalation exposures to all radionuclides of concern in soil. However, the predominant 
radiological risk associated with contaminated soil is from external gamma irradiation. Measured 
gamma exposure rates were used where available in this assessment. The uncertainty in the 
estimates of the radiological risk from soil as a result of lack of location-specific radionuclide 
concentrations and undetected subsurface deposits is expected to be low. 

The limited characterization of airborne contamination could potentially affect the risk 
estimates. No airborne particulate concentration measurements were made, and limited radon data 
are available. The estimated risks associated with airborne exposure could be either over estimated 
or under estimated as a result. Except for radon, the uncertainty is not expected to significantly 
affect the results of this assessment since the particulate inhalation pathway is typically a minor 
contributor to the projected radiation exposure. Radon exposure is an important contributor to total 

‘- 

- 
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risk. Radon was not identified by the screening process directly as a CCC because the limited 
available data indicated that average measured concentrations did not exceed twice background 
levels. However, radon was included in the analysis because it is a daughter of radium, which 
was a COC in soil. 

Uncertainty is inherent in the selection of COCs for a BRA and is associated with several 
factors. First, limitations in data relative to locations and analytes sampled and to analytical 
considerations (e.g., laboratory procedures) may affect the contaminants identified for a site. The 
uncertainty associated with the site sampling data is considered low because the sampling plans 
generally targeted appropriate areas and analytes using historical information, visual observations, 
and both phased and biased and nonbiased characterization strategies. Uncertainty relative to 
sample analysis and data evaluation is also considered low because an extensive, site-specific 
quality assurance program has been implemented and is ongoing. 

The contaminant selection screening may also introduce uncertainty. The estimated health 
effects could be higher if all compounds were included in the baseline assessment. To address this 
uncertainty, the selection process for radionuclides is designed to include all components of the 
measured radioactive decay series by assuming secular equilibrium Hence, the uncertainty 
associated with the screening step for radiological COCs is considered low. 

5.3-l .2 Exposure Assessment 

An exposure assessment is constructed from a number of site-specific considerations, 
including exposure point concentrations, scenario assumptions and intake parameters, and primary 
exposure pathways. 

Factors that can contribute to uncertainty in exposure point concentrations include data 
availability and data heterogeneity. For example, limited data are available for air, including 
radioactive particulates and radon, and no site-specific measurements of uptake by plants are 
available. 

In the absence of measurements needed to assess the inhalation pathway at the site, air 
particulate concentrations have been modeled to estimate exposure point concentrations. Although 
greater uncertainty is associated with the exposures calculated for this pathway, inhalation is 
generally a minor contributor to radiological risks associated with the site. Therefore, the effect of 
this uncertainty on the exposure assessment is considered small. 
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Substantial uncertainty is associated with the modeling used to estimate exposure for the plant 
ingestion pathway. The model may not appropriately estimate tissue concentrations of the various 
contaminants in plants. Although the RESRAD model uses conservative values for uptake and 
bioconcentration factors, the biological behavior of these contaminants is very much affected by 
site-specific conditions. Hence, large uncertainty is associated with modeling for this pathway. 
Since this pathway is a minor contributor to total radiological dose, the effect of this uncertainty on 
the exposure assessment is considered small. 

- 

Extensive data are available for radionuclide concentrations in soil, but heterogeneity in the 
spatial distribution of contaminants could contribute to uncertainties when estimating appropriate 
exposure point concentrations. The mean and ULgg confidence of the mean were used for the 
exposure point concentrations. This spatial averaging may over estimate or under estimate 
exposures for a receptor who may preferentially spend time at a particular location. The majority 
of the individual properties were sampled using a biased methodology. Although the majority of 
the receptors are expected to be mobile, and the intent of the data aggregation methodology was to 
identify areas of similar contaminant levels and land uses, the uncertainties related to data 
heterogeneity in soil remain significant and may be the most important component of total 
uncertainty in exposure assessment. 

_ 

- 

- 

The method for addressing non-detects (less than values) also affects the exposure point 
concentrations. The inclusion of the detection limit for non-detects tends to increase the reported - 
concentrations and resultant uncertainty. The detection limits for most analyses were low relative 
to background or the appropriate soil concentration guidelines. The uncertainty associated with the 
incorporation of non-detects is considered small. 

Another source of uncertainty is associated with the assumptions used to identify scenarios and 
intake parameters for the exposure estimates. Site-specific factors were used to select the scenario 
assumptions such as the extent of exposure (i.e., the exposure time, frequency, and duration) and 
to identify potential receptors (e.g., employees and transients). These assumptions use 
information on current land use and reasonable projections of future land use that consider the time 
frame of the assessment. The uncertainty in the scenarios developed for the current conditions is 
low because the time period is relatively short; current commercial/industrial land uses are expected 
to continue during this period. 

- 

_ 

i 
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Residential use of MISS and the heavy commercial/industrial properties is unlikely within the 
time frame of this assessment because it is inconsistent with ongoing DOE activities and the 
surrounding land use and reasonable projections thereof. Therefore, a residential scenario is not 
considered appropriate for these property units. 

i 

Best professional judgment was used to define the variables used to estimate mean and RME 
for the identified receptors. Intake parameters used in the exposure assessment were derived from 
data in the literature, including EPA guidelines. Since considerable information is available with 
respect to reasonable assumptions for intake parameters (e.g., inhalation rates), the related 
uncertainty is expected to be low. Furthermore, uncertainties associated with selecting values from 
the typical ranges identified for these parameters ate not expected to significantly affect potential 
exposure estimates. 

‘_ 

The exposure pathways quantified in this BRA were determined on the basis of the site 
conceptual model and related characterization data. The uncertainty associated with selected 
pathways for this assessment is low because site characterization data support the conceptual 
model. 

5.3.1.3 Toxicity Assessment 

Standard dose conversion factors and risk estimates were used to estimate the carcinogenic 
hazards associated with radioactive contaminants. The health effects associated with radiation 
exposure have been studied for many years and are well known. The risk estimators used in this 
assessment are generally accepted by the scientific community as representing reasonable 
projections of the hazards associated with radiation exposure. 

-. 

‘- 

i 
\ .-, 

Human epidemiological data on carcinogenesis from exposure to ionizing radiation is more 
extensive than that for most chemical carcinogens. However, these data are based primarily upon 
studies of populations exposed to radiation doses and dose rates that are orders of magnitude 
higher than the levels of concern at the Maywood site (e.g., atomic bomb survivors, uranium mine 
workers, radium dial painters, thorotrast painters, etc.). Use of these data to predict excess cancer 
risk from low-level radiation exposure requires extrapolation based upon very uncertain dose- 
response assumptions. This uncertainty is evidenced by the revision in cancer risk estimates 
presented in the BEIR V report (NRC 1990) by a factor of 3-4 over those presented only ten years 
earlier in the BEIR III report (NRC 1980), due primarily to additional study of the atomic bomb 
survivors and reassessment of the atomic bomb dosimetry. Whereas this revision would indicate 

,- 
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higher radiological risks than previously predicted, the BEIR V report also states that 
“...epidemiological data cannot rigorously exclude the existence of a threshold in the millisievert 
dose range. Thus the possibility that there may be no risks from exposures comparable to the 
external natural background radiation cannot be ruled out. At such low doses and dose rates, it 
must be acknowledged that the lower limit of the range of uncertainty in the risk estimates extends 
to zero” (NRC 1990). 

d 

- 

- 

5.3.1.4 Risk Characterization 

Some of the procedures used and uncertainties inherent in the human health assessment process 
may tend to under estimate potential risks, including the use of standard dose conversion factors 
for estimating radiation doses that are based on adult exposures. However, most of the other 
assumptions built into this BRA tend to over estimate rather than under estimate potential risks. 

The radiological dose conversion factors used in this assessment are based on the ICRP 
reference man. The reference man is an adult male weighing 70 kg. The ICRP selected such a 
standardized individual for their dosimetry models because their main concern is associated with 
worker protection; the majority of radiation workers are adult males. Although children are more 
susceptible to radiation exposure, such effects are significant only for young children. The 
uncertainty associated with using dose conversion factors developed for adults for an adolescent is 
low, and does not significantly impact the radiological risks presented in this document. The 
estimation of health effects associated with radiation doses was based on lifetime-average risk 
estimators for all routes of exposure. These lifetime-average risk estimators are appropriate 
because they reflect the likely conditions of exposure, i.e., any given age group could be exposed 
to the radioactive contaminants. The uncertainty associated with the risk estimates used to assess 
radiation toxicity in this BRA is, therefore, low. 

L 

53.2 Uncertainty in Chemical Risk Estimates 

5.3.2.1 Contaminants of Concern 

- 
Chemical process operations conducted at the Maywood site have little documentation. 

Thorium processing conducted from 1916 to 1956 is not likely to have generated the organic 
chemicals detected at the MISS, Stepan, and Ballod properties. Other chemical operations 
undoubtedly occurred at the site but are not documented. Chemical waste was disposed onsite, but 
not all the areas where waste may have been deposited have been sampled. The independent RIFS 

- 
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study in progress on the Stepan property may provide more insight into chemical contamination 
sources in the area. 

_- 

‘.- 

Limited groundwater and surface water sampling data suggest that a few organic contaminants 
and metals detected in bedrock and alluvial aquifers at the Ballad property and in Westerly Brook 
downstream from Ballod may have their source at the MISS Operable Unit where waste burial has 
occurred. The upgradient monitoring wells at the MISS are free of these same analytes, whereas 
the onsite soils and other monitoring wells at the MISS and Stepan OUs are not. Further. 
groundwater sampling is in progress to supplement existing characterization at the site. 

The Maywood, Rochelle Park, and Lodi communities are densely populated and have a 
number of active industrial facilities that are potential sources of chemical contamination. These 
circumstances make it difficult to obtain reliable background concentrations of naturally occurring 
chemicals and to sort out the components of regional chemical contamination that may be 
inadvertently attributed to the Maywood site, thereby overestimating the risk contribution from the 
site. 

. .- 

Limitations in the available chemical data also create uncertainty in the selection of COG, in the 
statistical analysis of site contamination, and in the resulting intake and risk determinations. The 
soil concentration measurements may not completely represent the true distribution of soil 
contamination at the individual properties which could over estimate or under estimate chemical 
risk. 

The paucity of offsite sampling in mobile environmental media creates uncertainty in assessing 
offsite contaminant migration and potential risk. The absence of onsite ambient air sampling for 
chemicals introduces additional uncertainty into this route of exposure. Another limitation in the 

-~ soil data is the lack of speciation data for chromium. 

Uncertainty also is inherent in the selection of contaminants of concern from the baseline risk 
assessment. Uncertainty in site sampling data is considered low because the sampling.plans 
generally targeted appropriate analytes based on historical information and guidance. Reasonable 
certainty also is assumed because of the sample data validation and QA/QC procedures applied to 
sample analysis and data evaluation. Eliminating contaminants in the COC screening process can 
lead to lower estimates of potential health effects than inclusion of all analytes. However, other 
than common laboratory contaminants, the only chemicals excluded from the risk assessment were 

, those detected at very low frequencies and at concentrations approaching background. 
\ -* 
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5.3.2.2 Exposure Assessment 

Factors that can contribute to uncertainty in the exposure assessment include derivation of 
exposure point concentrations, assumptions for scenario development and intake parameters, and 
exposure pathways. Limitations in onsite air measurements are noted above. The risk estimate 
from groundwater exposure was limited to consideration of the MISS and Stepan properties 
because of data availability, and limited surface water and sediment sampling was conducted in 
Westerly and Lodi Brooks. 

- 

- 

Values assumed for exposure parameters (e.g.. inhalation rate and exposure frequency) used in 
calculations for intakes were based primarily on EPA guidance (EPA 1990 and 1991b). These 
assumptions might result in under estimating or over estimating the intakes calculated for specific 
receptors, depending on the accuracy of the assumptions relative to actual site conditions and uses. 
For example, a 50 ml/event water ingestion rate and a 200 mg/day sediment ingestion rate were 
used for the child wading in Westerly and Lodi Brooks. The water ingestion rate is the EPA 
recommended value for incidental ingestion while swimming, and the sediment ingestion rate is the 
default value for child soil ingestion. Both of these assumptions overestimate intake, and thus 
risk, for the wading scenario. 

_ 

- 

- 

- 
Since offsite groundwater data is not yet available, a simple model was used to estimate the 

reduction in concentration in contaminants as the groundwater flows away from the source areas. 
From this simple model it appears that the risks and hazard indices may be within an acceptable 
range when the receptor is beyond 500 ft from the source. 

- 

Two potential pathways for the scenarios in this assessment, the dermal pathway and the 
ingestion of homegrown produce pathway, were not evaluated. This assessment does not include - 

an estimation of the exposure through these pathways because of the evolving nature of EPA’s 
policies on quantifying these pathways for the COCs included in this BRA and because of the _ 
uncertainties in the values (i.e.. dennal adsorption coefficients and soil-to-plant uptake factors) 
necessary to calculate or estimate these pathways. Also, the produce ingestion pathway is not - 
compatible with the assumed current and future land use at the affected properties. The omission 
of these potential exposure pathways may result in a minor underestimation of chemical risks, but 
is not expected to significantly affect the assessment. 
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The identification of potential receptors was based on site-specific reasonable current use and 
hypothetical future land use. Site-specific receptors were identified to the extent possible and 
exposure parameters tailored to these receptors to minimize uncertainty in the postulated scenarios 
and exposure assessment. 

5.3.2.3 Toxicity Assessment 

Uncertainty also is inherent in the toxicity values utilized in characterizing the carcinogenic and 
noncarcinogenic risks. Such uncertainty is chemical-specific and is incorporated into the toxicity 
value during its development. For example, an uncertainty factor may be applied for interspecies 
and intrahuman variability, for extrapolation from subchronic to chronic duration of exposure, or 
for epidemiological data limitations. These uncertainties are identified in Section 4.0. 

A number of identified COCs are currently under EPA review with the possibility of changed 
reference doses, slope factors, or carcinogenic weight of evidence. Interim and provisional 
toxicity values were used, where available, when values could not be obtained from IRIS or 
HEAST. Additional uncertainty in risk estimates is introduced when all COCs do not have valid 
toxicity factors for use in quantitative estimates. Inhalation slope factors and reference doses in 
particular were largely unavailable for the COCs in the particulate pathway. Toxicity values could 
not be obtained for some COCs, thereby precluding their inclusion in the quantitative risk 
estimates. The resulting risk estimates do not include the incremental chemical-specific risks from 
these WCs, and therefore may underestimate risk, although the magnitude of this underestimation 
is not quamifiible. 

The lack of chemical speciation data for chromium and assumption that all chromium is 
chromium (VI) overestimates the contribution to risk from this metal. In addition, a single factor 
was used to estimate the risk for all PAHs present, another potentially conservative assumption. 

Arsenic, tetrachloroethylene and vinyl chloride were the principle contributors to carcinogenic 
risk from groundwater ingestion. Arsenic and vinyl chloride am known human carcinogens (Class 
A) that accounted for approximately 30 percent of the risk, whereas tetrachloroethylene which is 
only a probable to possible human carcinogen (Class C) contributed approximately 70 percent of 
the risk. 
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5.3.2.4 Risk Characterization 

Some of the procedures used and uncertainties inherent in the human health assessment process 
may tend to underestimate potential risk. However, assumptions built into this BRA tend to 
overestimate rather than underestimate potential risks, including conservative assumptions for the 
exposure scenarios. For example, contamination is assumed to remain constant over time. Fate 
and transport mechanisms were not considered in the exposure evaluation for chemical COG. 
Actual concentrations may change over time, which would influence the intake and related risk 
values. Thus, actual risks arc likely to be lower than those presented in this assessment 

For COCs, oral RfDs were available for most of the toxicologically important chemicals, but 
few inhalation RfDs were available, precluding effective estimation of this pathway contribution to 
health hazard. In addition, toxicity factors are not available for any of the ram earth element COG. 
Although lead exposure causes significant toxic effects and lead may also be carcinogenic, toxicity 
factors are not available; they are currently under review by EPA. Recent draft guidance from EPA 
(1992e) suggest a quantitative method for estimating detrimental environmental lead levels 
(uptakeJbiokinetic model), but this method is not yet approved for use. 

Finally, for this assessment, it was assumed that the toxic and carcinogenic effects of the 
chemical COCs are additive. This assumption could result in the underestimation of risks because 
concurrent exposure to several contaminants might have synergistic toxic effects, (i.e., exposure to 
two of the metals concurrently might induce a greater toxic effect than that expected if the separate 
effects were simply added). Conversely, concurrent exposure to some of the metals might also 
mitigate the toxic effects of exposure to individual metals. 

5.4 SUMMARY OF HEALTH RISK CHARACTERIZATION 

5.4.1 Radiological Risk 

The radiological health risks considered are limited to induction of cancer. Risk to radioactive 
contaminants was estimated following EPA (EPA 1989d), BEIR IV (NRC 1988). and BEIR V 
(NRC 1990) recommendations. A population-weighted average excess cancer risk of 6x10-7 per 
mrem was assumed. 

For the current use scenario, reasonable maximum risk exceeds the target range for current 
residents at the I-80 South right-of-way and Long Valley Road (Property Unit l), for current 
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transients at the field on the MISS property, in front of Building 76 (Property Unit 6H), and 
current employees at Stepan (Property Units 3 and 3H), MISS (Property Unit 6) and 
SearsDeSaussure (Property Unit 7H). 

._ 
For the hypothetical future use scenario, RME risk estimates for all receptor exceed the target 

risk range. The dominant exposure pathways are similar to those in the current use scenario with 
radon and direct gamma irradiation contributing most of the risk to the resident and employee 
receptors and direct gamma irradiation contributing most of the risk to transients. 

The projected excess cancer rate for the total population within 80 km (50 mi) around the 
Maywood site is approximately 600 cancers per 10 million people. This constitutes a very small 
fraction of the total local cancer incidence rate attributable to background radiation, 100,000 
cancers per 10 million people. 

54.2 Chemical Risk 

Chemical cancer risk and health hazard were estimated for chemicals of concern based on EPA 
risk assessment guidance (EPA 1989b, 1992d). The cancer risk from exposure to contaminants is 
expressed as the increased probability of developing cancer over a 70-year lifetime. The potential 
for adverse noncarcinogenic health effects is expressed as a hazard index, the sum of 
chemical-specific hazard quotients. 

Under the current use scenario, none of the estimated cancer risks exceeded the EPA target risk 
range for employees or transients at MISS or Stepan. The principal contributors to risk from soil 
ingestion were arsenic and PAHs at both properties. For airborne particulate inhalation, chromium 
was the sole contributor to risk at MISS as was arsenic at Stepan, although no inhalation slope 
factors were available for PAHs. 

i 

. _ 

The hazard indices for current employees and transients at MISS and Stepan were all less than 
one, indicating no concern for potential adverse noncancer health effects. Chromium, lithium, and 
uranium were the principal contributors to health hazard at MISS with arsenic and uranium the 
principal contributors at Stepan. 

For the hypothetical future use scenario, none of the estimated cancer risk exceeded the EPA 
target range, except for groundwater ingestion. Groundwater contamination was considered as a 

; continuum, therefore separate risks were not calculated for individual properties. The risk 
\ -- 
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attributable to ingestion of bedrock groundwater was approximately an order of magnitude less 
than that projected for the shallow (alluvium) groundwater. 

The cancer risk from soil ingestion and particulate inhalation for future employees and 
transients at MISS and Stepan are the same as the curmnt use scenario and did not exceed the EPA 
target risk range. The estimated cancer risk for a future resident child ingesting surface water while 
playing in Westerly Brook was not significant (less than 1x10-6). There were no COCs in 
Westerly Brook sediment or Lodi Brook surface water and no slope factors for estimating 
exposure through sediment ingestion from Lodi Brook 

The principal noncancer health hazard under the hypothetical future scenario is due to 
groundwater ingestion. The hazard indices are greater than one for residents near the sources or 
for future employees. No other complete pathways for which His could be calculated exceeded the 
concern threshold of one. In shallow (alluvium) groundwater, arsenic, chromium and manganese 
contributed principally to the hazard index, while manganese accounted for approximately 90 
percent of the HI for the bedrock groundwater. 

5.4.3 Overall Health Risks 

To lend perspective for overall site risk, radiological and chemical carcinogenic risks for 
current and hypothetical future receptor scenarios were combined (summed). Since insufficient 
data are available to calculate chemical risks for all property units, the summation encompasses 
only the MISS and Stepan properties. Aggregate cancer risk is 6x10-3 for employee RME 
exposure at MISS. The aggregate risk is lower for Stepan employees. 
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6. ECOLOGICAL RISK ASSESSMENT 

\_.A 

- 

_. 

The environmental evaluation process is outlined in the Risk Assessment Guidance for 
Supe@nd Vol. ZZ Environmental Evaluation Manual Interim Final (EPA 1991c). The 
Environmental Evaluation Manual does not provide a step-by-step approach to risk assessment 
as does the Human Health Evaluation Manual. Instead, it discusses an overall framework for 
considering environmental effects and identifies sources of pertinent information. Although 
environmental evaluations and human health evaluations are different processes, they share 
certain chemical data and information. The phrase “environmental evaluation” was patterned’ 
after “human health evaluation.” However, the term “ecological risk assessment” (ERA) is 
common usage and will be used throughout this ERA. A discussion of the scientific basis for 
assessing ecological effects is found in Ecological Assessments of Hazardous Waste Sites: A 
Field and Laboratory Reference Document (EPA 1989c). 

_- 

The ERA for the Maywood BRA is structured according to the general framework for 
ecological assessments in the Superfund Program (EPA 1991b). This ERA comprises four 
interrelated activities: problem formulation (Section 6.1), exposure assessment (Section 6.2). 
effects assessment (Section 6.3), and risk characterization (Section 6.4). Because of the 
qualitative nature of the characterization of biota and habitats at risk and the screening of 

i contaminants, the assessment of potential impacts to wildlife and vegetation from exposure to 
contaminants must be based largely on the toxicological effects reported in the literature for 
many of the contaminants of ecological concern and expected mechanisms of transport and - 
biological uptake. Where toxicity data were available, a semiquantitative characterization of the 
risk to Maywood biotic communities from exposure to the ecological COCs was based on the 
ratio of environmental concentrations to toxicity threshold concentrations (Bamthouse et al. 
1986). The ratio or quotient method is often used in ERAS. 

6.1 PROBLEM FORMULATION 

The conceptual model of the Maywood site, which identifies the potential contaminants and 
their sources, is presented in Section 2. In this ERA, the ecological resources at the site, COCs, 
and exposure pathways are identified, and the nature and relative magnitude of the risk to these 
resources, especially animals is characterized. This is done on a location by location and 
medium by medium basis. 

, 
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6.1.1 Objective 

- 

The objective of the ERA is to define and evaluate the risk of adverse effects on the biotic 
environment from exposure to the contaminants at the Maywood site. A qualitative habitat 
characterization identifies the biotic components of the ecosystem, potential receptors, and likely 
exposure pathways. Field measurements of contaminant concentrations and published toxicity 
data for aquatic and terrestrial organisms allow a semiquantitative estimate of risk using the ratio 
or quotient method. This information is used to characterize the relative magnitudes of risks to 
ecological resources from contaminated media at the various Maywood operational units. 

- 

- 

6.1.2 Scope - 

Identifying and assessing the risks to local biota and habitats on the Maywood properties 
exposed to site contaminants is feasible, even though environmental and toxicological data are 
limited. Concentration data exist for metals, rare earths and organics in environmental media at 
Maywood properties: soils at MISS, Stepan, commercial/government and residential units; 
groundwater at the MISS/Stepan/Ballod area; and surface water and sediments in Westerly and 
Lodi Brooks. Surface water and sediment data are unavailable for the wetland at the Sears 
property. No rigorous site-specific biological studies have been conducted. A reconnaissance 
study of biota was performed in 1984 (ANL 1984). This reconnaissance was updated in August 
1992, and together with a jurisdictional survey of the wetland on the Sears property (CHZM Hill 
1992), forms the basis of the habitat characterization (Section 6.1.4). Site contaminants that 
qualify as COCs for quantitative risk assessment (Section 2.3.1) are further screened for 
assessment as ecological COCs (Section 6.1.4). A contaminant qualifies as an ecological COC if 
its environmental concentration exceeds a toxicity-threshold concentration and if it meets 
mobility and persistence criteria. Similar joint considerations of toxicity, mobility, and 
persistence have been used to establish soil quality criteria (24 NJR 396 1992). Emphasis is 
given to both aquatic and terrestrial organisms exposed to contaminants in Maywood property 
soils, groundwater and the surface waters and sediments of Westerly and Lodi Brooks. The 
relative risks to classes of organisms exposed by various means to contaminants at the Maywood 
site locations are estimated using ratios of the environmental concentrations of contaminants 
(corrected or uncorrected for exposure differences) to toxicity threshold concentrations obtained 
from published data in AQUIRE (1992) and other environmental and toxicological data bases. 
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6.1.3 Habitat Characterization 

i/ The Maywood site consists of several property units in the borough of Maywood and 
township of Rochelle Park in Bergen County, New Jersey. These include MISS, the Stepan 
Company property, other commercial and governmental vicinity properties, and several 
residential properties (Figure l-2). For the ERA, Westerly and Lodi Brooks and the Saddle 
River are also considered as habitats for offsite organisms. The Maywood area has undergone 
intensive development for commercial, industrial, or residential uses. An overview of the 
Maywood site is given below (Section 6.1.3.1). Section 6.1.3.2 discusses threatened or 
endangered species. The habitats on each property are discussed separately in Section 6.1.3.3, 
and Section 6.1.3.4 summarizes the habitat characterization. 

6.1.3-l Overview of Current Situation 

. . 

- 

The Maywood site is located within the glaciated portion of the Appalachian Oak Forest 
Section of the Eastern Deciduous Forest Province (Bailey 1978). With the exception of the 
Saddle River, past agricultural and urban developments have converted the majority of the forest 
habitat, to urban habitat. Before recent removal actions on the Ballod property and MISS, these 
areas supported an early successional community dominated by grasses and forbs, with scattered 
shrubs and trees (e.g., aspen, elm, and oak). The residential properties contain plant species 
common to landscaped yards such as grasses (fescue and blue grass), garden vegetables, flowers, 
evergreen shrubs, and trees (ANL 1984). Figures 6-l and 6-2 document the existing mix of 
habitats, comprised of grass/trees, shrubs/weeds, hydrophytic and riparian (stream) vegetation, 
transportation corridors/paved lots, and structures. Plants and animals live in or around all these 
habitats. 

Commonly occurring wildlife species across the entire site are those adapted to suburban and 
urban environments. Bird species include house sparrow (Passer domesticus), red-winged 
blackbird (Agelaius phoeniceus), common crow (Corvus brachyrhynchos), common grackle 
(Quiscalus quiscula), starling (Sturnus vulgaris), mourning dove (2naida macroura), American 
robin (Turdus migratorius), and wood thrush (Hylocichla mustelina). Mammalian species 
include Norway rat (Rattus norvegicus), house mouse (Mus musculus), meadow vole (Microtus 
pennsylvanicus), raccoon (Procyon lotor), eastern cottontail rabbit (Sylvilagus floridanus), 
opossum (Didelphis marsupialis), and eastern gray squirm1 (Sciurus carolinensis). Woodchucks 
(Marmota manax) and their burrows have been observed recently at MISS. A small number of 

. 
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reptile and amphibian species, [e.g., eastern garter snake (Z’Jzhamnophis sir&is) and American 
toad (Bufo americanus)] probably inhabit the area (ANL 1984). e 

Aquatic habitats are limited to drainage ways, small temporary ponds, Westerly and Lodi 
Brooks, and the Saddle River. Westerly Brook traverses MISS but does not actually constitute 
an aquatic habitat because it is encased in concrete pipe beneath the site. Similarly, much of 
Lodi Brook is incorporated into a subsurface storm drain system. However, surface-feeding 
ducks [e.g., mallard (Anasplatyrhynchos) and black duck (Anus rubripes)], were observed on the 
Saddle River and in accessible portions of Westerly Brook. Mosquito larvae, beetles, bugs, 
snails, isopods, midges, aquatic worms, and other invertebrates typically occur in these in-stream 
and temporary pond habitats (ANL 1987). 

- 

- 

_ ._ 

6.1.3.2 Threatened or Endangered Species 

The Maywood site contains no known federally- or state-listed threatened or endangered “-- 
inhabitants (either rare plants, animals, or natural communities) (Chezik 1989). Because of the 
transient nature of some species, such as the bald eagle (Huliaeetus leucocephulus), limited - 
consideration should be given to those species listed as endangered and threatened that may visit 
Bergen County. Table 6- 1 lists federal and state threatened or endangered species that may occur - 
in Bergen County and the area surrounding the project site. Table 6-2 shows threatened or 
endangered species potentially occurring within a 4.8 km (3 mi) radius of the Maywood site for - 
animals, and within a 1.6-2.4 km (l-1/2 mi) radius of the Maywood site for plants. 

Critical habitats for federally-listed species are administratively protected. However, since 
there are no known listed species on the site, there are no administratively protected habitats or 
unique habitats on the site. As shown in Figure 6-2, the majority of the Maywood space is 
dominated by homes/yards, transportation corridors, parking lots, industrial buildings, and 
several patches of natural habitat, including wetlands. 

--’ 

- 

6.1.3.3 Maywood Habitat and Wildlife Survey - 

During August 24-26, 1992, a two-person team from SAIC (reported here) conducted a 
qualitative wildlife species and habitat survey. Most of the survey was performed on foot, 
although some observations were from an automobile. The weather was warm (29 to 32’C or 
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Table 6-1. Federally and State Listed Threatened and/or Endangered Species 
Known to Have Occurred in Bergen County, NJ 

Barred Owl 
Cooper’s Hawk 
Grasshopper Sparrow 
Great Blue Heron 
Northern Goshawk 
Northern Harrier 
osp=y 
Pied-Billed Grebe 
Red-Headed Woodpecker 
Red-Shouldered Hawk 
Savannah Sparrow 
Sedge Wren 
Short-Eared Owl 

Botaurus lentiginosus 
Haliaeetus leucocephalus 

Ammodramtts savannarum 
Ardea herodias 

Pandion haliaetus 
PoaUymbus podiceps 

Passerculus sandwichensis 
Cistothorus platensis 

NA = Not Available 
SS = State Stable 
FT = Federally Threatened 
FCZ = Candidate for Listing 

ST = State Threatened 
FE = Federally Endangered 
SE = State Endangered 

92-15SM/Q21093 6-7 



Table 6-2. Federally and State Listed Rare Species and Natural Communities 
Found in the General Vicinity of the Project Site 

- 

Minute Duckweed 
Virginia Bunchflower 

Care* rostrata 

Melanthium virginicum 

NA = Not Available 
SE = State Endangered 
ST = State Threatened 
FC2 = Candidate for Listing 
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85 to 89OPl and humid, mostly sunny with a moderate to heavy haze. Areas on MISS and most 
vicinity properties were visited, but access could not be gained to the Sears vicinity property. A 
detailed, jurisdictional wetland survey, which included the Sears property, was performed in 
April 1992 by CH2M Hill. A final administrative determination can be made only by the U.S. 
Army Corp of Engineers and the NJDEPE. The wildlife and habitat characteristics of these 
wetlands, in particular, could have ecological, recreational, or aesthetic value from a regional 
perspective, which is not considered explicitly in this assessment. 

Wetlam& and Hydrophytic Habitat 

. . . 

-.. 

.,., -1 

.> 

. . . . 

--. 

Vegetation is the most conspicuous feature of wetlands and one that can be most readily 
identified in the field. Based on site reconnaissance, the hydrophytic vegetation at the Sears 
property was deemed the principal area at the Maywood site that warranted additional 
investigation as potential wetlands. Wetlands make up 7 percent, or 4,083 ha (10,084 acres), of 
Bergen County. Of this area, 2,558 ha (6,319 acres), or 43 percent is comprised of forested 
palustrine wetland, and 33 percent is classified as estuarine emergent wetland. The palustrine 
wetland is described best as freshwater marshes, bogs, swamps, and bottomland forests. The 
common water regimes include those designated as permanently flooded, semi-permanently 
flooded, seasonally flooded, and temporarily flooded. The estuarine wetlands consist of tidal 
brackish waters and contiguous wetlands where ocean water is at least occasionally diluted by 
freshwater runoff from the land. Therefore, they possess an increased salinity over that found in 
a palustrine environment (Cowardin et al. 1979). The hydrophytic vegetation at Maywood is 
part of the palustrine resource in Bergen County. 

The Sears property wetlands received detailed attention during the survey performed by 
CH2M Hill (1992). This property contains several areas of hydrophytic vegetation (Figures 6-3 
and 6-4), including several ditches with associated stands of reeds and cattails. These five 
scattered areas of palustrine emergent wetland total about 0.32 ha (0.8 acres). Additionally, two 
larger areas of hydrophytic vegetation exist at the Maywood Avenue end of the Sears property. 
These areas am considered palustrine forested wetland. The larger of these areas covers 1.23 ha 
(3.04 acres). Moving west toward the Sears building, the deciduous forest grades into an area of 
palustrine emergent wetland (reeds), which in turn becomes a mowed area. The smaller area of 
forested wetland, south of the entrance road, covers 0.17 ha (0.425 acres). The dominant plants 
in these forested areas are red maple (Acer rubrzm), American sycamore (Platunus occidentalis), 
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American elm (Ulm~s umericunu). and sweetgum (Liquidambur styracifluu). Wetlands on the 
Sears property as identified by CH2M Hill total about 1.7 ha (4.1 acres). 

Stands of reeds (Phrugmites spp.) and cattails (Typha kztifolia) occurred along several ditches 
within the MISS property during the SAIC survey. These strips of habitat most likely support 
muskrat (Odontra fibethecus), and probably serve as travel corridors for this and other wildlife 
species, although no individuals or runs were observed during the SAIC survey. Adjacent cover 
generally consists of mowed field on one side and transportation right-of-way on the other. This 
right-of-way supports late successional stage old-field habitats of saplings, small trees, shrubs, 
and associated herbaceous understory plants. 

The wetland habitats on the Sears property, especially the largest two, likely support muskrat 
and possibly some marsh-dwelling bird species. Most phragmites stands were extremely dense. 
During the wildlife and habitat survey, the Sears property was observed from an adjoining 
property, where the buildings and parking lots are constructed on fill material. Several 
groundhogs and their burrows were seen within the bank of this fill material. 

Streams and Ripariun Habitat 

The two small streams (Westerly Brook and Lodi Brook) and much of the Saddle River, their 
receiving stream, are fairly inaccessible to humans. Access to the streams and associated riparian 
habitat is restricted by private property, fencing at most public properties (transportation rights- 
of-way, including bridge crossings), and the physical configuration (steep banks). Riparian 
habitat provides much of the wildlife habitat in the area as well as corridors between islands of 
habitat. Due to access limitations, there was little evidence of direct human use of these areas 
(e.g., paths and litter). All three watercourses had numerous drain pipes and culverts of varying 
sizes leading into them. Most of these drams were dry, indicating that they most likely carry 
surface runoff. Comments concerning water quality are based on visual inspection of color, 
opacity, smell, appearance of substrate, and presence or absence of a surface sheen. 

Westerly Brook provides an open stream habitat, from its confluence with the Saddle River 
to Stann Street, passing beneath Rochelle and Becker Avenues in large box culverts. This 
section is about 210 m (690 ft) long and flows to the west. The stream’s flow cross-section was 
approximately 7.5 to 13 cm (3 to 5 in.) deep by 0.3 to 1 m (1 to 3 ft) wide. The stream bed 
contained mostly small rocks (1 to 2.5 cm or 0.5 to 1 in.) with some larger cobble-sized rocks. 
The stream channel is steep-sided and largely covered with riprap, some of which has been 
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Figure 6-3. Hydrophytic‘ Vegetation on Sears Property 
(looking north toward the Stepan property from Sears Entrance Road) 

Figure 6-4. The Same Area of Sears Property 
(viewed from the northeast overlooking the hydrophytic vegetation habitat) 
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mortared. Downstream from Rochelle Avenue, the channel is deep (up to 2.5 m or 8 ft) and 
narrow. The right bank (property at 91 Rochelle Avenue) has been extensively rebuilt with rock 
and concrete after a substantial portion of the bank collapsed during a heavy rain after first being 
weakened by groundhog burrows. The last 9 to 13.5 m (10 to 15 yd) of this bank is riprapped 
with marble and granite spall (Figure 6-5). Several types of invertebrates (e.g., gastropods, 
isopods, and chironomids) were observed within the stream on the rock substrate. A few small 
fish, probably cyprinids, were noted but not identified. Riparian habitat (trees and shrubs) is well 
established, providing good cover for passerines, gray squirrels, and raccoons. Cardinals 
(Cardinalis cardinalis), cat birds (Dumetella carolinensis), blue jays (Cyanocitta cristata), 
American robins, and chipping sparrows (Spizelh passerina) were observed along and in the 
stream. Quiet pools supported a good growth of duckweed (Lemna spp.). Several active 
groundhog burrows were dug into the stream bank near the mouth. The water quality appeared 
to be fair with a slightly grayish cast, clear, and with only a slight septic odor. The mostly rock 
substrate was covered with a light coat of algae and some silty sediment. 

Lodi Brook exists as stream habitat that is open in at least two segments south of U.S. 
Highway 46, both flowing west. One segment flows along and beneath Church Street between 
Essex and Massey Streets, for about 225 m (250 yd). This section lies within a residential area, 
bordered on the left bank by the backyards of single-family houses and on the right by a mobile 
home park. Riparian habitat consists of well-established trees, some shrubs, and moderate to 
heavy groundcover in a fairly narrow band. Several unidentified dead crayfish were observed in 
this stretch of the stream, although the water quality of this section appeared to be fair to good. 
More detailed observation of instream fauna was not performed. A local resident, whose home 
was within 7.5 m (8 yds) of the stream, said that muskrats, raccoons, and opossums were 
prevalent in the area. The latter two species often create a problem by scattering household 
refuse. According to the resident, relatively large fish, 25 to 30 cm (10 to 12 in.) long, are 
present within the stream when the water level is high. Several gray squirrels were observed 
along the stream and in residential yards. 

Another segment of approximately 45 m (50 yd) runs from Graham Lane to its confluence 
with the Saddle River near Amot Street. Commercial buildings and associated parking lots 
border the left bank, while the right bank supports riparian habitat of small trees and shrubs with 
a dense herbaceous groundcover. This habitat lies between the stream and the Saddle River. 
Human access to this portion of the stream is restricted. The water quality of this segment 
appeared poor, with a cloudy blue-gray color and a slight surface sheen in some areas. 
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Figure 6-5. Westerly Brook Near its Confluence with the Saddle River 
(looking upstream toward Rochelle Avenue) 
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The Saddle River flows south toward the Passaic River and maintains a fairly even depth and 
width through the observed area (from Rochelle Park Area County Park downstream to the Lodi 
Boro Hall). The reach along the Rochelle Park Area County Park (upstream of Westerly Brook) - ’ 
is 15 to 25 m (50 to 80 ft) wide and 20 to 30 cm (8 to 12 in.) deep, with a mostly sand to silty- -~ 
sand substrate. Many pigeons (Colzunba livia) use the park area. A population of Canada geese 
(Branta canadensis), black ducks, and unidentified gulls (an estimated 80 geese, 150 ducks, and 
30 gulls) also were observed here (Figure 6-6). This abundance is probably a result of frequent - 
feeding by park visitors. Ducks and geese were not observed on lower teaches, but arc expected 
to spend some time there. Several unidentified sandpipers were also seen on sandbars in this .’ 

area. 

The reach from Railroad Avenue south to Outwater Lane is only 12 to 15 m (40 to 50 ft) 
wide and 0.3 to 1 m (1 to 3 ft) deep. This teach receives the flow from Westerly Brook (Figure _- 
6-7). The substrate is mostly sand. Occasional stands of yellow pond lily (Nuphar luteum) grow 
next to the bank. Many large carp (Cyprinus carpio), several schools of shad (most likely Alosa 
spp.), and abundant but unidentified small fish and fry were observed within this reach. Two ’ 
local teenagers, encountered during this survey, said they often fished the river for bass 
(undetermined species). Tracks of great blue herons (Ardea herodias) were observed along the -’ 
sandy bank, along with tracks of a smaller unidentified heron. Muskrat tracks were fairly 
common. Groundhog runs and burrows were observed within the floodplain. b, 

The reach from Outwater Lane downstream to the park surrounding Lodi Boro Hall is largely 
residential on the west bank and consists of riparian vegetation on the east bank between the 
stream bank and Main Street. This section of stream is more narrow and winding than the 
previously described reaches, with a more rocky substrate (Figure 6-S). The west bank becomes 
progressively more industrial and the east bank more commercial in nature from the vicinity of 
U.S. Highway 46 downstream to Lodi Boro Hall, a distance of 0.5 to 0.6 km (0.3 to 0.4 mile). 
The water quality of this section appears poor by the time the stream passes beneath Amot Street, 
exhibiting a dark gray-green color with a surface sheen in the quieter areas. 

Commercialhdustrial 

The land surrounding the MISS pile provides a large continuously vegetated habitat at the 
site (Figures 6-9 and 6-10). This area consisted mostly of maintained grass which had been 
recently mown. Groundhogs and their burrows were numerous. Eastern cottontails were also 
observed. Mourning doves, starlings, and American robins were the predominant birds seen. 

- 
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Figure 6-6. The Saddle River at Rochelle Park Area County Park 
(looking upstream) 
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Figure 6-7. The Saddle River Viewed From the Mouth of Westerly Brook 
(with I-80 in the background) 

Figure 6-8. The Saddle River, Looking Downstream, at the Confluence of 
Westerly Brook 

(note foreground rubble) 
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Figure 6-9. Southern Corner of the MISS Property 
(with the Stepan property in the background) 

Figure 6-10. The MISS Site, Overlooking a Portion of Burial Area B 
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MISS is bordered on two sides by a highway and a railroad right-of-way, which provides some 
habitat diversity in the form of narrow strips of trees, shrubs, and groundcover. As in any 
industrial landscape, there are several small patches of habitats that receive little activity or i-j 
attention, allowing them to develop successionally beyond adjacent maintained areas. These / 
habitats provide cover for many species of small mammals and birds. 

Other commercial and industrial properties in the area present minimal wildlife habitat 
because most contain large expanses of paved or graveled parking lots in conjunction with their 
buildings (see Figure 6-2). Most landscaping (when present) is of a small-scale, highly- 
maintained ornamental nature. Some areas do contain transportation rights-of-way that provide 
minimal amounts of early successional-stage habitat. 

- 

I 

Neighborhoods range from heavily landscaped yards with well-established trees and shrubs, 
which provide well-defined habitat structure, to sparsely landscaped yards consisting mostly of 
grass lawns. The neighborhood in the area of Westerly Brook provides an example of the former 
suburban habitat, which supports gray squirrels, rabbits, and several passerine bird species. The 
neighborhood along Hancock Street and other streets are examples of the latter type of suburban 
habitat (Figures 6-l 1 and 6-12). Similar species of mammals and birds, but considerably fewer 
individuals, were observed in this neighborhood. 

‘- / 
J. F. Kennedy Park is a baseball diamond with a large, well-maintained outfield. The park 

presents little habitat except as a feeding area for birds, with perching/roosting habitat provided 
- by the trees lining the streets. Jet Age Park on Redstone Lane provides a habitat of maintained 

lawn with several large trees. Squirrels and several species of birds, including crows, were 
observed using this area. / 

6.1.3.4 Habitat Summary .F 

Habitat provided by the Maywood site and surrounding and downstream properties is typical I 
of urban areas. Native habitat is generally found in small areas that have been overlooked or 
under-utilized. The native habitat generally consists of early to late old-field stages, usually _, 
along transportation rights-of-way or unused comers of commercial or industrial properties. 

Westerly and Lodi Brooks are underground for most of their length, surfacing near the Saddle 
River, where riparian vegetation is found along the banks of both brooks. Wildlife encountered - 

during this survey was typical of urban areas, with a few species colonizing what habitat is 
available. The groundhog is successful in the Maywood area. Although several species of birds 
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were observed, the overall impression was that populations were low. The most productive 
habitat is that afforded by the Saddle River, its floodplain, and the wetland near the 
Sears property. L’ 

6.1.4 Contaminants of Jkological Concern 
i 

Ecological COCs are those substances detected at the Maywood properties with the potential 
to pose a hazard to the biota. According to EPA (1991b), factors determining whether a 
contaminant should qualify as an ecological COC include: environmental concentration, 
frequency of occurrence, background levels, bioavailability, physical and chemical properties 
(e.g., solubility), potential for bioaccumulation, toxicity, and effects. Potential COCs at the 
Maywood properties were first identified from a comparison of site and background 
concentrations, the frequency of occurrence, and sample quantification limits (see Section 2) and 
these were then screened as ecological COCs on the basis of their solubility, or mobility, 
persistence, and toxicity. 

Mobility and persistence criteria bring considerations of the physical and chemical properties 
of contaminants into the ecological risk assessment process (EPA 1991b). The NJDEPE similarly 
based proposed soil-quality criteria for semivolatile organics on water solubility, 
biodegradability, and toxicity or carcinogenicity (24 NJR 396 1992). Moreover, they weighed 
solubility by a factor of 4 relative to biodegradation and toxicity. The higher a contaminant’s 
solubility in water, the greater the concentration the contaminant will attain in exposed surface or 
groundwater, and the more likely it is that it will be transported offsite, e.g., the Saddle River, 
where it can expose and affect additional ecological resources. The longer a contaminant persists, 
the greater the probability that organisms will bc exposed to it. A balanced screening process 
based on environmental concentrations recognizes the potential for contaminants to become 
concentrated in the environment or in organisms with time. The process also recognizes the 
possibility that a contaminant currently exceeding toxicity concentrations may not persist at high 
concentrations long enough to pose a continuing risk to ecological receptors. 

- 

‘- 

- 

Each of the technical environmental questions - mobility, persistence, and toxicity - has a 
rationale in the COC screening process. The rationale consists of definitions, order of preference 
in using information, thresholds and screening rules. A threshold is a numerical value used as a 
decision criteria; will it be mobile, will it persist, will it have an effect. This information is 
provided below. 

_I 
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6.1.4.1 Screening Rationales 

Thresholds for toxicity, mobility, and persistence were chosen using available data in 
standard reference texts and compilation databases. For toxicity, two modes of exposure (direct 
contact for aquatic organisms, oral ingestion for terrestrial organisms) were recognized for each 
potential COC. Single thresholds were chosen for each of two measures of mobility (water 
solubility, soil sorption), and two measures of persistence (degradation half-life, bioconcentration 
factor). Toxicity, mobility, and persistence data for the potential COCs at the Maywood site are 
given in Table 6-3. 

Toxicity 

Toxicity-threshold values for each potential COC found at Maywood were based on toxicity 
data obtained from government sources (NOAA 1990) or toxicological databases: IRIS (EPA 
1992b), HSDB (1992). AQUIRE (1992), RTECS (1992). Published toxicity data were used in 
the following order of preference: 

l U.S. government standards, 
. concentrations showing no effect, 
l chronic toxicity concentrations, and 
. acute toxicity concentrations. 

In alI cases, the appropriateness of study methods, chemical species, and test organism relative to 
the Maywood site were considered. Thresholds based on chronic or acute toxicity data were set 
below the published values to compensate for the uncertainty introduced by using laboratory 
toxicity data for organisms other than those found at the Maywood site. Values were chosen for 
computational convenience. For example, the single datum found for the chronic oral toxicity of 
selenium was for laboratory mice. Accordingly, the toxicity threshold was arbitrarily set at 
100 mgkg, below the published TDLo of 134 mgkg. 

The first choice for toxicity thresholds was U.S. government-established standards, such as 
EPA Water Quality Criteria - Aquatic (WQCAQ) for concentrations in water, and National 
Oceanic and Atmospheric Administration (NOAA) Effects Range-Low (ER-L) for sediment 
concentrations (Long and Morgan 1990). When these values were available, they were used to 
set thresholds for the appropriate media, regardless of other, perhaps conflicting, data. 
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The lowest published concentrations showing “no effect”, e.g., No Observed Adverse Effect 
Level (NOAEL), were the first choice for toxicity thresholds when a U.S. government water 
quality criterion or sediment quality value was unavailable. This is a conservative threshold for 
species that are equally or less sensitive than the tested species. 

When NOAELs were unavailable, thresholds were based on the lowest published toxicity 
concentrations available. In many cases where WQCAQ were not specified, “chronic” lowest 
effect concentrations (LEC) were available and used to establish thresholds. For organisms 
exposed to contaminants in ambient waters, toxicity is often quantified by the LC50, the 
concentration of toxicant at which 50 percent of the exposed organisms die, specified over a test 
duration. For this ERA, “acute” or short-term toxicity is defined to be that occurring over 
96 hours or less; “chronic” or long-term toxicity is longer than 96 hours. Acute and chronic oral 
LDSOs, the concentration of toxicant in the diet that causes 50 percent mortality, or similar 
measures of toxicity were used to set threshold concentrations for contaminants in soils and 
sediments. 

When chronic toxicity data were used, toxicity thresholds were set below chronic toxicity 
values as described above. This approach to using chronic toxicity values is conservative but 
reasonable, because there is often uncertainty about where the threshold lies in relation to the 
NOARL for the organisms actually found at the Maywood sites. 

When only acute toxicity values were available, acute toxicity values were modified for use 
as threshold values. The acute value was divided by 45, according to the Rule of 57 (Michigan 
Water Resources Commission 1986), and the toxicity threshold was set at or below the quotient. 
Using this rule to calculate chronic aquatic toxicity thresholds theoretically protects 95 percent or 
more of all fish and aquatic invertebrate families from adverse effects 80 percent of the time. 
Thresholds were set below this quotient to compensate for the uncertainty introduced by using a 
fixed safety factor and toxicity data for organisms other than those found at the Maywood site. 

Using Michigan Rule 57 as a guide, acute oral toxicity values also were divided by 45 as a 
basis for establishing a chronic oral toxicity threshold. The assumption is that the empirical 
relationship observed between acute and chronic toxicity over a wide range of contaminants and 
a diversity of aquatic organisms is a reasonable first approximation for terrestrial organisms 
exposed to the same or similar contaminants. The resulting value was further reduced for safety 
and computational convenience. 
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The available toxicity data for 54 of the 62 potential COCs, including government standards, 
are given in Table 6-3. Information is not included for essential nutrients (calcium, potassium 
and sodium), metals (lithium), transuranic (gadolinium) and organics [bis(2-chloroethyl)ether, 
carbon disulfide, and 1,2-diphenylhydrazine). The toxicity threshold concentrations established 
using these data are given in Table 6-4. Aquatic thresholds are for surface and groundwater 
exposure. Oral thresholds are for ingestion of soil and sediment. Threshold values other than 
government standards reflect the paucity of directly pertinent wildlife toxicity data and 
uncertainty about N0AEI.s for the organisms and potential CGCs at Maywood. In all cases, the 
primary consideration was to choose a conservatively low threshold value because of these 
uncertainties. 

Mobility 

Mobility is indicated by water solubility and soil sorption. That is, the organic carbon-water 
partition coefficient (K,,). A threshold of 1 mg/L was chosen to represent the level of water 
solubility above which a potential toxicant is considered sufficiently mobile in water to present a 
potential hazard to aquatic organisms in surface water or organisms exposed to groundwater. 
This is the midpoint (1 x 100) on a logarithmic scale, of the range of solubility in the NJDEPE 
soil quality criteria (24 NJR 396 1992). All substances identified in Table 6-3 as insoluble are 
included with those having water solubility cl mg/L. In addition to water solubility, a soil 
sorption Koc of 1,000 was used as a threshold above which a contaminant would not be 
considered a hazard via aquatic exposure pathways. All those listed in Table 6-3 as high are 
considered to be above threshold. This threshold value was chosen following a review of the 
comments on soil adsorption and mobility of contaminants with varying Kocs (Howard 1990). 

Persistence 

Persistence is indicated by the bioconcentration factor (BCF) and the degradation half-life of 
a substance in water, soils, or organisms. A value of 14 days was selected for the degradation 
half-life threshold (Gillette 1983) at or above which a substance is considered persistent. A 
degradation half-life of 14 days means that a contaminant with a concentration at a Maywood 
site that is 100 million times greater than an the established toxicity threshold will exceed the 
threshold by no more than 50 million times after 14 days, 25 million after 28 days, etc. It will 
thus exceed the threshold by no more than a factor of 10 in little over one year, and will be below 
the threshold within two years. All substances identified in Table 6-3 as being “persistent” are 
included with those having a half-life > 14 days. The BCF is the tissue concentration of a 
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substance divided by its concentration in the environment. A threshold of 100 was chosen for 
BCF. A BCF above 100 indicates that a toxicant can become magnified in organisms more than 
100 times over the concentration in the ambient environmental medium. Thus, a contaminant 
with an environmental concentration 100 times less than an organism’s toxicity threshold can, 
nevertheless, pose a potential hazard to that organism because its prey may contain contaminant 
at or above the toxicity-threshold concentration. 

6.1.4.2 Screening of Potential COCs 

Not all the 62 potential COCs were screened for inclusion as ecological WCs. The three 
radionuclides (radium, thorium, uranium) are ecological COCs by virtue of their environmental 
concentrations (2 X background) and the uncertainty concerning their effects on ecological 
receptors. Three essential biological minerals - calcium, potassium, and sodium - were not 
screened, rather it was assumed that they were not COCs for the Maywood site. These essential 
elements can be toxic in certain chemical forms and at very high concentrations, but government 
standards either do not exist or the data on which to base a toxicity threshold for these elements 
are unkuown. 

The remaining 56 potential COCs were screened according to the following rules: 

1. If the mean environmental concentration at the site does not exceed the toxicity-threshold 
concentration level, both a mobility and a persistence threshold must be exceeded for the 
contaminant to qualify as a COC. 

2. If the mean environmental concentration at the site exceeds the toxicity-threshold 
concentration, then it must also exceed either a mobility or a persistence threshold to 
qualify as a COC. 

3. In those cases where there is no mobility or persistence data, the determination depends 
only on the toxicity-threshold concentration. 

4. In those cases where a toxicity-threshold concentration could not be established, the 
contaminant is defined as a COC. 

Rule 1 ensures that contaminants currently below toxic concentrations at the site, but having 
the potential to increase in concentration through their persistence and biomagnification, are 
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considered in the ERA. For example, some forms of lead am both soluble and persistent. Even if 
average concentrations of lead at M ISS were below chronic toxicity levels, it could, over a 
sufficient period of time accumulate and concentrate in organisms (BCF > 100 in some 
invertebrates) to such an extent that body burdens could exceed the toxicity concentrations for 
predator receptors, such as raccoons. Lead qualifies as a COC at one or more Maywood 
properties because its mean environmental concentration exceeds toxicity-threshold 
concentrations. Even though their environmental concentrations were below their toxicity- 
threshold concentrations, three contaminants, (Zbutanone, toluene and xylenes) qualified as 
COCs because of Rule 1. 

Rule 2, generally removes from the risk assessment those contaminants that currently exceed 
toxic thresholds and are immobile and will not persist. For the reasons discussed above, these 
contaminants are unlikely to pose a continuing threat to organisms at the site or nearby, because 
they will be reduced by at least 8 orders of magnitude in 56 weeks given a half-life of at least 14 
days. No contaminant in this Maywood ERA was removed from further consideration as an 
ecological COC because it did not meet the mobility and persistence criteria. Chemicals did not 
meet both these conditions because, generally, chemicals that are highly soluble in water are also 
more highly degradable and do not bioconcentrate in organisms. Chemicals that bioconcentrate 
greatly in organisms are generally the hydrophobic, lipophilic substances. Benzo(b)fluoranthene, 
for instance, has a water solubility of 0.0012 mg/L and a reported BCF of 760,000. For 
comparison, the solubility of benzoic acid in water is 2,700 mg/L and its BCF in trout is 0.4. 
Chemical contaminants that are immobile and not persistent are unlikely to exceed background 
concentrations, because the time between release and measurement is generally long enough for 
the chemical to have significantly degraded. 

Rule 3 reflects the fact that toxicity is the primary consideration. Because most chemical 
contaminants are not both mobile and persistent, practicality argues against giving COC status to 
contaminants with environmental concentrations below toxicity thresholds solely because of the 
lack of mobility or persistence data. 

Rule 4 ensures that dangerous contaminants am not ignored strictly for lack of toxicity data. 
This is a conservative assumption. 

By this screening process, 40 of the 56 potential COCs in Table 6-3 qualify as ecological 
COCs in one or more environmental medium in Maywood operational units. For example, 
arsenic qualities as a COC in M ISS/Stepan/Ballod groundwater because its mean concentration 

‘- 
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(204 pg/l) exceeds the aquatic toxicity threshold (190 ug/l) and there is insufficient information 
regarding its solubility in water. Arsenic does not qualify as a CGC in Westerly Brook surface 
waters, on the other hand, because its mean concentration was only (6.5 pg/l). Table 6-4 
indicates for each potential CGC whether it does (Y) or does not (N) meet each criterion for 
environmental media, the final determination of its status, and the properties for which it is an 
ecological CGC. 

The ecological CGCs for Maywood are: 

Radiunuclides *(this assumes associated decay products in secular equilibrium; see Table 2-3) 

l Radium l Thorium 

Metals 

l Aluminum 
l Cerium 
l Gadolinium 
l Lead 
l Vanadium 

l Arsenic 
l Chromium 
l Iron 
l Lithium 
l zinc 

Organics 

l Acenaphthylene 
l Benzo(g,h,i)perylene 
l n-butylbenzylphthalate 
l Dibenzofuran 
l 1,2-diphenylhydrazine 
. n-nitrosodiphenylamine 
l Tetrachloroethylene 
l Vinyl chloride 

Benzo(b)fluoranthene l Benzo(k)fluoranthene 
Bis(2-chloroethyl)ether l 2-butanone 
Carbon disulfide l Chlordane 
1,l dichloroethene l 1.2 dichloroethene 
Indeno( 1,2,3-cd)pyrene l Nitrobenzene 
Phenanthrene l 1,1,2,2-tetrachloroethane 
Toluene l Trichloroethylene 
Xylene 

l Uranium 

l Barium 
l Copper 
. Lanthanum 
l Manganese 

t 

,- 

i- 

Each CGC is examined further in terms of exposure characterization (Section 6.2), ecological 
4 

effects assessment (Section 6.3), and ecological risk characterization (Section 6.4). 
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6.2 EXPOSURE ASSESSMENT 

_ _- 

L. 

i 

1, 

L. 

Exposure assessment includes quantification of release, migration, and fate of contaminants, 
characterization of receptors, and quantification of concentrations at the point where organisms 
are actually exposed (EPA 1991b). Environmental concentrations of the potential ecological 
COCs at the Maywood site (Table 2-34) are given in Table 6-5. This exposure assessment 
characterizes receptors by the different possible pathways and modes of exposure to 
contaminants at the Maywood site. 

To estimate the relative risk to classes of ecological receptors exposed by different modes 
and pathways both onsite and offsite, the environmental concentrations of contaminants must be 
adjusted according to how these exposure pathways and modes attenuate or enhance the 
exposure to contaminants (Section 6.4). Some classes of receptors are exposed by multiple 
routes, and their risks are likely to be greater than those organisms exposed to contaminants at 
less than the full environmental concentration. For example, carnivorous fish, such as minnows, 
are exposed to contaminants in ambient water and in their prey. Subterranean animals such as 
burrowing rodents, on the other hand, are primarily exposed to contaminants via direct contact 
with and ingestion of soils, which constitute only a fraction of their diet. They may also be 
exposed by inhalation of volatized contaminants, but this pathway is not considered explicitly in 
this ERA. The resulting exposure concentrations are used to characterize the risk to the 
nonhuman populations (Section 6.4). This approach to ecological pathway analysis recognizes 
the potential for contaminant residues to bioconcentrate (concentrate in aquatic organisms 
exposed to contaminants in water), bioaccumulate (concentrate in aquatic and terrestrial 
organisms from dietary as well as abiotic sources), and biomagnify (systematic concentration as 
chemicals are passed from prey to predator), the approach also recognizes the possibility that 
organisms are exposed to environmental concentrations less than that measured in media. 

Contaminant sources at the Maywood site include surface soils at MISS, Stepan, 
commercial/government, and residential vicinity properties as defined in Section 2. Alluvial 
groundwater at the MISS/Stepan/Ballod properties unit is currently contaminated with some 
chemicals. Soil contaminants may leach into surface water and sediments in Westerly and Lodi 
Brooks. Alluvial transport of contaminated water, sediments, and soil from these properties 
potentially can contaminate sediments and surface waters in downstream reaches of Westerly and 
Lodi Brooks and the Saddle River (Figure 6-l). When evaluating the exposure of aquatic and 
terrestrial biota to COCs from Maywood sources, contaminants in surface water, soils and 
sediments are the primary sources of risks. 

c  
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A pathway analysis can link contam ination in the biota directly and indirectly to contam inant . 
sources (e.g., soil, sedim ent, surface water), via m echanisms of release to the environm ent and 
the m ovem ent of contam inants through the ecosystem  (Figure 6-13). Exposures occur via direct 
and indirect pathways from  contam inant sources to ecological receptors. Direct exposures of an 
organism  to a contam inant do not involve interm ediary organisms; indirect exposures do. 
Exposures m ay bc internal or external and passive or active with respect to the receptor. Internal 
exposure occurs when the contam inant directly enters into the body, usually by the ingestion of 
contam inated m aterial, whereas external exposure occurs by derm al contact. External exposures 
are, by definition, direct. Passive exposures are unavoidable exposures; direct external exposure 
is usually unavoidable by those organisms living in the contam inated m edium . For this EPA, 
direct, exposure is assum ed when an organism  lives in a contam inated m edium . Internal 
exposures, here term ed “active,” can result from  direct ingestion of contam inated abiotic m aterial 
or indirectly from  ingesting contam inated organisms. 

Indirect pathways of exposure are best identified with a food web. Food webs generally 
com prise the following trophic groups: 

. prim ary producers - green plants such as grasses, shrubs, trees, and hydrophytes; 

. prim ary consum ers (herbivores) - anim als that feed on plants; for exam ple, 
groundhogs, Canada geese and cottontail rabbits in the terrestrial food web, and 
ducks, som e fish and som e benthic invertebrates in the aquatic food web; 

. secondary consum ers (om nivores/carnivores) - anim als that feed on both plants 
and anim als or feed strictly on other anim als; for exam ple, robins and raccoons in 
the terrestrial food web and bass and carnivorous fish in the offsite aquatic food 
web; and 

. decom posers - including certain fungi and bacteria. 

P rim ary producers can m obilize contam inants from  soils and sedim ents. This can occur by 
foliar absorption of contam inants deposited on leaf and stem  surfaces, or by uptake via plant 
roots. Uptake of contam inants by plants could lead to subsequent exposure to herbivores and 
omnivores from  ingestion of the contam inated vegetation. Contam inants that bioaccum ulate in 
prim ary producers or their anim al consum ers, or bioconcentrate in organisms directly exposed to 
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contaminated media, often .further accumulate in secondary consumers (i.e., carnivores and 
omnivores). The last link in the food chain can be represented by transient secondary 
consumers-top predators such as the osprey (Pandion haliaetus) or bald eagle (Haliaeetus 
leucocephalus). Each is listed as threatened or endangered and could occur in the Maywood 
area. Figure 6-14 is a schematic representation of aquatic and terrestrial food webs that typify 
the Maywood site. 

. Organisms at the Maywood properties are potentially exposed to contaminants by one or 
more pathways (Figure 6-13). Internal exposure via ingestion of contaminated matter is 
considered here to be the primary mode of exposure to chemical contaminants for nonburrowing 
terrestrial animals, such as raccoons or robins. These will have additional but secondary 
exposures from direct contact with contaminated soil and surface water, inhalation of fumes or 
dust and, where applicable, direct radiation by radionuclides. Subterranean organisms, e.g., 
groundhogs and rabbits, will receive primary exposure by direct contact with (and inhalation of) 
contaminated soils. They will receive secondary exposure from ingestion of contaminated soil 
and surface water. Only a few organisms of a limited number of types are expected to reside 
within contaminated soil at the MISS, Stepan, commercial/government and residential vicinity 
properties. Direct external exposures are expected to be the primary mode of exposure for 
aquatic organisms such as minnows in Westerly and Lodi Brooks. Trophic exposure is not 
expected to be important because of the aquatic organisms’ mode of existence and because, with 
few exceptions, chemicals with high water solubility are not likely to have a high 
bioconcentration factor (Howard 1990). Aquatic organisms are expected to be exposed 
secondarily via ingestion of contaminated sediments and biota. 

Species of aquatic and terrestrial organisms were selected from the list of those identified at 
the site (Section 6.1.4) to serve as proxies for the many species constituting the ecological 
communities at Maywood. The term “proxy” is used instead of “indicator” because no explicit 
measurements were made of these species for this risk assessment, and therefore they cannot 
indicate anything. Rather, proxy species serve as substitutes for larger numbers of species that 
are potentially exposed to COCs by similar modes and pathways, i.e., ecological receptor classes. 
Additional criteria for selecting species to represent onsite communities are: (1) abundant or 
common species (in their respective animal communities); (2) species closely related to 
toxicological test organisms; (3) economically important species (game animals, species 
consumed by humans); (4) endangered, threatened, or listed species; and (5) key food-web 
species that might be sensitive to the Maywood COG. To identify key trophic species requires 

. 
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‘i 
at least a quantified site-specific food web for the Maywood site, which is not feasible for 
this ERA. 

Each ecological receptor class is exposed by direct or indirect pathways to one or more of the 
three Maywood contaminant sources (Table 6-6). Receptors are of two types: onsite and offsite. 
Onsite receptor species are those that utilize the Maywood site properties. Offsite receptors are 
those living outside the site boundaries, but potentially exposed to contaminants via offsite 
movement of abiotic or biotic media; these may include common and threatened and endangered 
species. Organisms that do not reside onsite, but for whatever reason visit the site, are included 
with onsite receptors. Onsite proxy species are found at one or mom of the Maywood properties. 
Proxy organisms chosen to represent the aquatic and terrestrial communities in the Maywood 
area are: 

Aauatic Terrestrial 
midge larvae (onsite) groundhog (onsite) 
minnows (onsite) raccoon (onsite) 
bass (offsite) robin (onsite) 
carp (offsite) heron (offsite) 
duck (offsite) muskrat (offsite) 

These organisms serve as proxies for the biotic communities in the effects assessment and risk 
characterization phases of the risk assessment. 

The concentration of a contaminant to which ecological receptors are potentially exposed 
(i.e., exposure concentration), as opposed to that measured in the environment (i.e., 
environmental concentration), depends on the pathway and mode of exposure. The relative 
importance of the various exposure pathways to the ecological receptor classes is summarized in 
Table 6-7. These exposure factors ,are used to derive exposure concentrations from 
environmental concentrations. Organisms exposed externally to contaminated media by direct 
contact are exposed to the full environmental concentration for the time they reside in the media. 
The exposure concentration for organisms that ingest contaminated media must be corrected for 
the fraction of their diet that is contaminated. Organisms exposed indirectly via the food web 
experience an environmental concentration determined by the fraction of their diet that is 
contaminated and the concentration of contaminant in their food, which will be a function of the 
bioconcentration factor for the contaminant and organism. Organisms living in contaminated 

\- 
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Table 6-6. Maywood Ecological Receptors and Exposure Scenarios 

Source Media 

NA = Not applicable 
NI = Not identified 
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Table 6-7. Maywood Hypothetical Exposure Factors 

Ecological Receptors 

.- NA = Not applicable 
NI = Not identified 
BCF = Bioconcentmion Factor (see Table 6-3) 

i 
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media are exposed both internally and by external contact with contaminated media. Until 
information on the joint action of internal and external exposures is available, it will be assumed 
that they are additive. This is a first approximation of the relative risk to the different classes of 
ecological receptors from COCs at the Maywood properties (Section 6.4). Due to the 
considerable uncertainty surrounding the calculation of exposure concentrations, they were not 
used in the screening process to determine ecological WCs. 

6.3 EFFECTS ASSESSMENT 

An effects assessment quantitatively links concentrations of contaminants to adverse effects 
in ecological receptors (EPA 1991b). Because no site-specific toxicological studies have been 
conducted on Maywood proxy species, this effects assessment is based on published data 
(Table 6-3), which were obtained from compiled databases [e.g., IRIS (EPA 1992b), HSDB 
(1992), AQUIRE (1992), RTECS (1992)]. Information on test concentrations, modes of 
exposure, and effects on test species that were similar to those at the Maywood site ( e.g., rat, 
rabbit) was used to establish toxicity-threshold concentrations (Table 6-4). Here we briefly 
describe the effects of radiological and chemical contaminants on organisms. 

Available data document some of the possible acute or chronic toxic effects on the nonhuman 
biotic receptors [e.g., minnows, raccoons, and others (or their proxies)] in the Maywood 
environment. Both terrestrial and aquatic biotic receptors are considered. Information describing 
chemical uptake or accumulation of radionuclides by plants and animals is limited and generally 
based on short-term, high-exposure laboratory experiments. Those studies may not apply to the 
long-term, low-level exposures at Maywood. 

Chronic toxicity of contaminants is the primary concern in the Maywood effects assessment. 
Many contaminants observed to date at Maywood are persistent in the environment because they 
are insoluble in water and remain as solids in soils or bioconcentrate in organisms. Although 
metals can occur in high concentrations in soils, most organisms do not ingest large amounts of 
soil and, thus, are unlikely to be exposed by this pathway to concentrations of metals above acute 
oral toxicity thresholds. No investigations into chronic effects on local biota as a result of 
exposure to wastes have been conducted at the Maywood site, nor have analyses been performed 
to determine the radionuclide or chemical contaminant concentrations in the tissues of the biota. 
Also, there have been no rigorous population inventory or characterization studies. Therefore, 

i 
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relative risks of adverse effects are estimated by the degree to which ratios of environmental 
concentrations to toxicity concentrations exceed unity. 

6.3.1 Radiation Toxicity 

‘- 

_. 

.- 
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Some biological effects from radiation, such as chromosomal aberrations and organ failure, 
occur similarly among different species of biota. However, except for warm-blooded species, 
most biota are more resistant than humans to radiotoxicity effects. The National Council on 
Radiation Protection and Measurements (NCRP) conducted a review of available information on 
the effects of ionizing radiation on aquatic biota (NCRP 1984) and concluded that no deleterious 
effects could be detected for radiation dose rates below 1 rad/day. Fertility and fecundity of 
organisms and embryonic development were found to be the most sensitive radiation response 
endpoints for aquatic biota, with somatic effects and mortality occurring only at much higher 
dose levels. 

The interaction of plants with radionuclides can occur by foliar absorption of radionuclides 
deposited on leaf and stem surfaces or by uptake by plant roots. Information describing uptake 
and accumulation of radionuclides by plants is based mostly on short-term, relatively high- 
exposure laboratory experiments (Knight 1983) that may not be applicable to long-term, low- 
level exposure conditions such as those at the Maywood site. Of the radionuclides present in site 
wastes, Ra-226 appears to have the highest potential for uptake and accumulation by plants 
because it serves as an analog for calcium, an essential plant nutrient (Knight 1983). 

Uptake of radionuclides by plants could lead to subsequent animal exposure via ingestion of 
contaminated vegetation. An important issue may be the potential for plants and animals to 
serve as vectors for the transport of radioactive contaminants from the Maywood site to humans 
or other biota. For example, excavation of contaminated soils by biota can bring the 
contaminants to the surface, and animal burrows can lead to increased water infiltration. 
Additional modes include transport of contaminated soils brought to the surface by animals, and 
movement of radionuclides by predators feeding on contaminated prey (Arthur et al. 1986). 

6.3.2 Chemical Toxicity 

Chemicals in the ecosystem may be lethal to biota, or they may decrease a population’s 
ability to survive and reproduce by decreasing reproductive rates, reducing the viability of 
offspring, causing alterations in behavior patterns, or increasing susceptibility to disease or 
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predators. These disparate endpoints are characterized by different dose responses and result 
from different exposure pathways. Therefore, for risk characterization, it is necessary to specify 
what exposure pathways and endpoints are being assessed. .-.J 

- 
Toxicity of chemicals in water depends on the mode of exposure as well as the availability of 

the chemical to the target organism. The primary mode of exposure to aquatic organisms to 
dissolved contaminants, direct contact, is also the mode with greatest likely toxicity. Ingestion of 
contaminated water, sediments or biota will be modes of lower, but additional, toxicity to aquatic 
receptors. Aquatic toxicity also can depend on temperature, hardness of the water, and presence 
of other chemicals. 

Toxicity of soil contaminants varies depending on the receptor species and on the attending 
physical and chemical factors, such as pH, the presence of complexing agents, or other chemicals 
at the site. Some soil microorganisms live in the film of water surrounding soil particles and 
would be exposed by direct contact to full environmental concentrations. Others live in the air 
spaces, where inhalation of volatile or semivolatile organic contaminants could lead to greater - 
toxicity than by direct contact or ingestion. Toxicity of soil contaminants to burrowing organisms 
could be expected to have significant effect due to the multiple modes of exposure. - 

Plants grown in soils containing metals can accumulate higher-than-background levels of L- 
some metals. Because the ratio of plant uptake to substrate concentrations of metals may not be 
linear, it is difficult to determine the soil concentrations of metals that are toxic to plants. - 
Bioaccumulation is generally most significant in the roots of plants; however, several metals can 
be translocated to aboveground parts of the plants. Some metals (e.g., mercury) accumulate in 
animal tissues and can have subtle deleterious effects over long exposure times. Many of the - 
organics (e.g., BNAEs and pesticides) are extremely lipophilic and can biomagnify in organisms. 

6.4 RISK CHARACTEFUZATION 

Risk characterization compares exposures to effects (EPA 1991b). An evaluation of the _ 
relative risk of the ecological COCs at Maywood forms the basis of this risk characterization 
(EPA 630/R-92/OOlf 1992e). No well established methods exist for calculating the risks to 
ecological receptors, however the use of quotient methods are supported by available guidance 
(EPA 1989c. 1991~). This ratio or ecological quotient approach compares the environmental 
concentration to the toxicity threshold concentration. Any quotient greater or equal to unity - 

\ 
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indicates that there is the potential for adverse ecological effects, and the more the ratio exceeds 
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unity the greater the risk. Ecological quotients (EQs) were used to characterize the relative risk of 
the ecological CGCs at Maywood properties. In addition, the relative risks of Maywood CGCs to 
ecological receptors exposed via different modes and pathways is assessed using exposure 
quotients (XQs), the ratio of exposure concentrations (i.e., the environmental concentration 
corrected for exposure) to the toxicity threshold concentration. 

6.4.1 Current Risks 

Calculating EQs and XQs requires a toxicity threshold for each contaminant for the 

i 

-. 

appropriate mode of exposure. The toxicity thresholds used in Section 6.1.4 to screen 
contaminants as CGCs in Maywood surface and groundwaters, soils, and sediments (Table 6-4) 
are also used to calculate these quotients. As described in Section 6.1.4.1, aquatic thresholds are 
based on WQCAQs or aquatic toxicity data (Table 6-3), sediment thresholds are based on NOAA 
ER-Ls (Long and Morgan 1990) or oral toxicity data (Table 6-3), and soil thresholds are based 
on oral toxicity data (Table 6-3). The aquatic, sediment, and oral toxicity thresholds for the 40 
Maywood ecological CGCs are: 

aquatic sediment soil 

ow-0 (mgkg) (mg/kg) 

Radiimuclides *(This assumes associated decay products in secular equilibrium; see Table 2-3) 

l Radium NA NA NA 
l Thorium NA NA NA 
l Uranium NA NA NA 

Metals 

l Aluminum 
l Arsenic 

l Barium 
l Cerium 
l Chromium (III) 
l Chromium (VI) 
l Copper 
l Gadolinum 

NA 1000 
190 33 

1000 1 
NA 10,000 
120 80 

11 80 
6.5 70 
NA NA 

1000 
10 

1 
10,000 

1000 
2.4 

1 
NA 

.- 
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l Iron NA 50 
l Lanthanum NA 10,000 
l Lithium NA NA 
l Lead 3.2 35 
l Manganese NA 500 
l Vanadium NA 10 
l zinc 100 120 

Organics 

. acenaphthylene NA NA 

. benzo(b)fluoranthene NA NA 

. benzo(k)fluoranthene NA NA 

. benzo(g,h j)perylene NA NA 

. bis(2-clorocthyl)ether 100,000 50 

. 2-butanone NA NA 

. n-butylbenzylphthalate 1 NA 

. carbon disulfide NA NA 

. Chlordane 0.0043 0.0005 

. dibenzofuran NA NA 

. 1 , 1-dichloroethene NA NA 

. 1 ,Zdichloroethene NA NA 

. 1,2-diphenylhydrazine NA NA 

. indeno( 1,2,3+d))pyrene NA NA 

. nitrobenzene 500 NA 

. n-nitrosophenylamine NA NA 

. phenanthrene 30 0.225 

. 1.1.2.2~tetrachloroethane NA 10 

. tetrachlorocthylene 2000 NA 

. toluene 17,500 100 

. trichloroethylene 2000 NA 

. vinyl chloride NA NA 

. xylenes (total) 200 250 

50 
10,000 

NA d 
1 - 

500 
10 
10 

NA 
NA 
NA - 
NA 
50 

NA 
NA 
NA - 

NA 
NA L, 
NA 
NA - 
NA 
NA 
NA - 

NA 
10 
10 

NA 
100 
NA - 
NA 
250 
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Table 6-8 gives the EQs for the Maywood COCs in the various source media. These were 
calculated for both mean and 95 percent upper confidence limit (ULgg) concentrations 
(Table 6-5) by dividing the concentration by the toxicity-threshold values listed above. In a few 
cases, an EQ could not be calculated for a COC because insufficient data were available to 
establish a toxicity threshold. For the characterization of relative risk, the (ULg5) concentrations 
are taken as the reasonable maximum exposure (RME). When calculated as the ratio of the 
uncorrected RME to the toxicity threshold concentration, EQs represent the reasonable maximum 
risk to biota, given that the environmental concentration of the COC is not increased by physical 
or biological processes in the transport and exposure pathways. 

The highest calculated EQs for Maywood properties’ soils (surface, all horizons combined) 
were for chromium, barium, lead, and copper (Table 6-9). Except for the high hexavalent 
chromium EQ, which is based on its unexplainably high RME concentration in MISS surface 
soil, lead had the highest EQs for both mean and RME concentrations in soils at all four 
Maywood properties. Arsenic (EQ = 46), chromium (29), copper (21), lead (13) and, to a lesser 
extent, zinc (5) have EQs greater than unity in MISS/Stepan/BaIlod groundwater. Phenanthrene 
was the only organic COC for which an EQ could be calculated (Table 6-10) - 2.1 in Stepan 
soils (all horizons). EQs for toluene, 2-butanone, and xylene in soils at MISS and the 
commercial/government vicinity properties, and MISYSteparJBallod groundwater were well 
below unity; these organics qualified as COCs by virtue of their mobility and persistence 
characteristics. The only COC in Westerly and Lodi Brooks surface waters was lithium, for 
which an EQ could not be calculated. There were no COCs for Westerly Brook and Lodi Brook 
sediments, and therefore no EQs. 

Environmental concentrations for the Maywood ERA (Table 6-5) were multiplied by 
exposure factors (Table 6-7) to calculate hypothetical exposure concentrations for each COC at 
each operational unit. Exposure concentrations then were used to calculate XQs, the exposure 
concentration/toxicity threshold concentration. To provide more environmental realism, XQs 
were used to further characterize the relative risk to various classes of receptors for each COC at 
each of the Maywood operational units (Table 6- 11). 

To derive hypothetical exposure factors (Table 6-7), assumptions regarding chemical 
behavior, exposure duration, and diet must be made because there have been no site?specific 
ecological studies. For the purposes of this assessment of relative risk to ecological receptor 
classes, we assume: 
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Table 6-11. Largest Exposure Quotients (XQs) for Ecological 
Receptors at Maywood Operational Units 

-- = not applicable 
NA = no threshold available 

- 

- 
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1) Qnsite receptors exposed by direct contact to contaminants are exposed 100 percent of the 
time to contaminants at their measured environmental concentration (Table 6-5) 

2) Offsite receptors are not exposed by direct contact with contaminated media. 

3) Ten percent of what sediment or soil dwelling animals ingest is contaminated sediments 
or soils. 

4) Onsite receptors obtain 100 percent of their diet from contaminated prey. 

5) Offsite receptors obtain 10 percent of their diet from contaminated prey. 

6) The contaminant concentration in terrestrial prey organisms is equal to the environmental 
concentration times the lowest available bioconcentration factor for the contaminant in a 
suitable prey (Table 6-3). 

7) Although bioconcentration is assumed, biomagniflcation is assumed not to occur. 

Clearly these assumptions do not hold in all cases, but they should suffice to calculate XQs 
and to distinguish different classes of onsite and offsite receptors by the relative magnitude of the 
risks from exposure to contaminants at the Maywood site. In general, the potential for 
biomagnification of certain contaminants, e.g., methylmercury, could cause the relative risk to 
receptors exposed via trophic pathways to be underestimated; mercury is not, however, a CQC at 
the Maywood site. 

For aquatic and subterranean organisms, the primary exposure pathways are 1) direct contact 
with and 2) consumption of contaminated media. For nonburrowing terrestrial organisms, the 
primary exposure pathway is assumed to be consumption of contaminated biota. For exposure by 
direct contact alone, environmental concentrations are a conservative estimate of exposure 
concentrations. This is the case for aquatic animals that do not dwell in the sediments (e.g., most 
fish). Exposure concentrations for aquatic organisms that live in Westerly and Lodi Brook 
sediments (e.g., midge larvae), and subterranean animals in MISS soils (e.g., groundhogs) are 
calculated as 110 percent of the environmental concentration at their locations; 100 percent by 
direct exposure and an additional 10 percent by ingestion of contaminated media. To calculate 
the exposure concentration for receptor species exposed to CQCs via the trophic pathway (e.g., 
raccoons at residential vicinity properties), the environmental concentration is multiplied by the 
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lowest available published BCF for a possible prey organism. Direct exposure to contaminated 
soils and water is not included as a secondary source of risk to nonburrowing terrestrial 
organisms. In the summary that follows, the characterization of risk to the different ecological 
receptors is based on these XQs. 

Overall, the heavy metals, especially lead, hexavalent chromium, and copper, pose the 
greatest risk to ecological receptors exposed to soils at the MISS, Stepan, 
commercial/government, and residential properties at the Maywood site. The COCs with the 
largest XQs for the ecological receptor classes at each of the Maywood operational units are 
given in Table 6-11. Lead, chromium, copper, barium, and zinc present the largest risks (XQ 
~100) to onsite terrestrial organisms from ingestion of contaminated biota or direct contact with 
contaminated soils. Onsite non-soil dwelling terrestrial organisms may be exposed to an 
additional and similar level of risk from phenanthrene, if the BCF of 325 reported for a 
cladoceran is similar to that for terrestrial invertebrates. Aquatic receptors are exposed only to an 
unknown level of risk from lithium in surface water. Arsenic has the highest XQ of all 
contaminants for soil-dwelling organisms exposed to groundwater at the MISS/Stepan/Ballod 
area. Chromium, if present in the hexavalent form, poses the greatest risk to non-soil dwelling 
terrestrial organisms indirectly exposed to groundwater via trophic pathways because 
chromium’s BCF (1,000) is greater than arsenic’s BCF (44). Terrestrial organisms at MISS and 
Stepan properties are exposed to an unknown degree of risk from organic COCs other than 
phenanthrene. 

For MISS soils, chromium, copper, and lead pose the greatest ecological risk (EQ > 100). 
Twelve BNAE organics and the pesticide, Chlordane, pose an unknown degree of risk because of 
the unavailability of oral toxicity data. The BCFs used to calculate XQs for chromium (l,OOO), 
lead (1000) and copper (200) mean that the XQs for trophic exposure to these COCs in MISS 
soils are 2 to 3 orders of magnitude higher than the EQs. This strongly suggests that chromium, 
lead, and copper pose a significant risk to terrestrial organisms via the food web at MISS, but it 
is uncertain how many individuals or types of organisms, other than groundhogs, use or inhabit 
this property. 

For Stepan soils, lead (EQ = 141) and phenanthrene (EQ = 2.1) pose the greatest ecological 
risks. Seven BNAE organics pose an unknown degree of risk. The major contaminants in 
commercial/government vicinity property soils are barium and lead (EQ > lOOO), and to a lesser 
extent chromium and copper (100 <EQs < 1000). The low BCF for barium (4) and the high 

- 

- 
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BCFs for the others mean that the XQs for chromium(VI), copper, and lead are greater than that 
for barium. Butylbenzylphthalate is the only BNAE organic at this operational unit. 

Only lead in residential vicinity property soils exceeds its soil toxicity threshold (EQ = 1048). 

The COCs at the M ISS/Stepan/Ballod area that pose the greatest risk to ecological receptors 
exposed to groundwater are arsenic, chromium (VI), copper, and lead, and, to an unknown 
extent, bis(2-chloroethyl)ether, carbon disulfide, 1,1-dichloroethene, 1,2-dichloroethene, and 
vinyl chloride. Although it is a COC because of its mobility and persistence characteristics, 
toluene is unlikely to bioconcentrate sufficiently (BCF=l 1 in fish) to increase its environmental 
concentration by the 8 orders of magnitude required to exceed its toxicity threshold 
(17,500 mg/L). 

Lithium, l,Zdichloroethene, and 1,1,2,2-tetrachloroethane are the COCs in Wes terly Brook 
surface water, but the relative magnitude of the risks cannot be calculated because there are no 
toxicity thresholds for these contaminants. 

The effects of metals, in general, and copper and lead, in particular, on organisms are well 
characterized (Section 6.3). W ith these contaminants concentrations so high above’ their toxic 
thresholds, deleterious effects and risks on both ecosystems (e.g., community structure, primary 
production) and organisms (e.g. animal behaviors, reproduction) are highly probable. 
Nevertheless, M ISS and commercial/government vicinity properties, except for the Sears 
wetland, are so highly modified and have such little natural habitat remaining that the actual risk 
to ecosystem structure or function at these sites is small, although the risk to organisms residing 
at or visiting the sites may be large. The ecological risks to biota at residential vicinity properties 
and the Sears wetland are likely significant. 

6.4.2 Future Risks 

The risks to the biota at the Maywood site can be considered long-term risks. Toxicity 
threshold concentrations were based on subacute exposures. Based on their half-lives, K,, and 
water solubilities, the ecological COCs at the site can be expected to persist for extended periods 
of time . In summary, the many ecological COCs with EQs and XQs exceeding 10 indicate that 
they will likely remain above toxic concentrations for many years if the site is not remediated. 
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These risks to the ecological receptors at the Maywood site are the risks of individual 
contaminants. The risks from exposure to multiple contaminants depend on the interactions 
among them; effects could be additive, synergistic, or antagonistic. This ERA provides a v 
foundation for an extended characterization of the risks to exposure to multiple contaminants, but - 
such an effort cannot be conducted without additional data or evaluation of alternative 
assumptions. 

For ecological COCs, remedial actions undertaken to protect human populations would not 
necessarily also protect the limited ecological resources of the Maywood site. A separate 
remedial strategy could become necessary to deal with the COCs as sources of ecological risk. 

- 

6.4.3 Uncertainties in the Ecological Risk Assessment - 

Uncertainties in each of the four interrelated steps of the ecological risk assessment process 
are addressed in the following discussion. More generally, there is uncertainty about whether 
characterizing the risk to organisms underestimates or overestimates the risk to populations at the 
Maywood site and the ecosystems that comprise them. The issue remains unresolved, so at 
present, there is no alternative to organismal-based ecological risk assessment using conservative 
estimates of toxicity and exposure. 

- 

-- 

6.4.3.1 Uncertainties in Problem Formulation and Selection of Ecological COCs 

The structure of the biotic community comprising the ecological receptors at the Maywood 
site (i.e., the distribution and abundance of organisms) was not quantified for the ERA. The lack 
of quantitative data introduces uncertainties concerning whether, and to what extent, the risk 
characterization based on proxy organisms underestimates or overestimates the risk to the 
remainder of the ecological community. Onsite reconnaissance establishes the nature and quality 
of habitat and confirms the presence of vegetation types and of active, visible animal species. 
These observations justify assumptions about the presence of unobserved organisms that are 
essential to normal ecosystem functioning, such as soil dwelling worms and arthropods, 
herbivorous insects, and aquatic benthic invertebrates. It is possible that one or more unobserved 
species of organism at Maywood are more sensitive than those species for which toxicity data 
were available for use in setting toxicity thresholds. It does not necessarily follow that these 
organisms are at significantly greater risk of adverse ecological effects than that estimated in this 
ERA, because exposure concentrations could be overestimated. 

- 

- 

- 

- 

- 

92-155Muo32993 
6-72 



- 

‘- 

Environmental concentrations of contaminants at the Maywood site, which are used to 
calculate EQs and XQs and which are, thus, critical to the characterization of ecological risk, are 
based on a limited number of nonrandomly located samples (Section 2). Given that assumptions 
on the distribution of the data are correct, there is a quantifiable degree of uncertainty about the 
actual spatial distribution of contaminants, that is, whether a site chosen at random would have a 
contaminant concentration above or below a given value. For example, the concentration in 95 of 
every 100 samples will, on average, not be greater than the 95th percentile (ULgg) concentration. 
Also, because the estimated ULgg concentrations were used to calculate EQs and XQs, the 
estimates of risk from ecological COCs were conservative. Using UL95 concentrations decreases 
the likelihood of underestimating the risk posed by each ecological COC, and it increases the 
likelihood of overestimating the risk. If the data do not fit the assumed distribution well, the 
number of ecological COCs and their exposure concentrations could be overestimated or 
underestimated depending on how the actual data distribution differs from the assumed data 
distribution. 

-. 

The ecological COC screening process likely overestimated the number of organic 
substances that pose potential risks to ecological resources at Maywood. While most of the 
inorganic contaminants and one organic contaminant were ecological COCs because their mean 
environmental concentrations exceeded their toxicity thresholds, an even greater number of 
contaminants were ecological COCs despite low environmental concentrations (e.g., the mean 
concentration of tetrachloroethylene in Stepan surface soil was 0.003 mg/kg). These organic 
compounds were ecological COCs because there was no factual basis for choosing a toxicity 
threshold. Yet, in all cases except one, where a threshold existed for an organic potential 
ecological COC, the contaminant concentration did not exceed the threshold. A few 
contaminants’ estimated mean concentrations were below their toxicity thresholds but were 
included as ecological COCs because of their mobility and persistence characteristics. Thus, the 
rules for selecting ecological COCs likely overestimates the number of ecological COCs. 

6.4.3.2 Uncertainties in Ecological Exposure Assessment 

Rigorous tracing of the movement of contaminants from Maywood source media to 
ecological receptors, including quantification of a site-specific food web, was not performed for 
this ERA. This introduces uncertainties about the actual modes and pathways of exposure for the 
biotic community and the actual exposure concentrations of contaminants. Exposure 
concentrations can differ from measured environmental concentrations as a result of physical and 

92-155MIJ032993 
6-73 



chemical processes during transport from source to receptor and as a result of biomagnification 
through the food web. These processes could not be evaluated explicitly and quantitatively in this 
ERA. It is reasonable to assume that exposure to some organisms, especially top predators, 
would be underestimated due to neglect of biomagnification of contaminant concentrations in 
their prey. The exposure experienced by others would be overestimated by neglecting processes 
that dilute contaminants, or otherwise make them unavailable to organisms, especially those 
organisms exposed by direct contact or inhalation and ingestion of contaminated media. 

Except for soil-dwelling terrestrial organisms, there is little uncertainty that the exposure 
modes and pathways used to characterize the exposure to ecological receptors at the Maywood 
site are most important for the large, active organisms in terrestrial and aquatic habitats. 
Burrowing animals may be exposed to soil and groundwater primarily by way of inhalation 
following volatilization of contaminants, but gaseous concentrations in soil interstices, cavities, 
and burrows were not available. Therefore, the exposure to burrowing organisms at the 
Maywood site from direct contact with and ingestion of contaminated soil and groundwater may 
be underestimated if gas concentrations are larger than soil and groundwater measurements, or if 
toxicity thresholds are lower for inhalation than they are for ingestion. Overestimating exposure 
by using conservative exposure concentrations and toxicity thresholds balances the 
underestimating of exposure due to neglecting exposure modes and pathways of lesser 
importance. 

Finally, some contaminants in surface water and sediments may be toxic to Maywood 
organisms at concentrations below analytical detection limits, and thus, the exposure to aquatic 
biota may be underestimated. 

6.4.3.3 Uncertainties in Ecological Effects Assessment 

There is little doubt that, for most Maywood organisms, the identified ecological COCs have 
deleterious effects at concentrations above the threshold concentrations used to screen 
contaminants as ecological COCs and to characterize the risks at the Maywood site. Toxicity 
thresholds were either based on concentrations reported not to have an effect on the study 
organism, including federal water quality criteria (WQCAQ), or were estimated conservatively. 
These thresholds would underestimate the risks only to organisms at Maywood that are 
considerably more sensitive than the study organisms, and overestimate the risk to organisms 
equally or less sensitive than the study organisms. There remains the possibility that some 

4 
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thresholds were set at levels at or below which some harm would occur to the study organism or 
similar organisms at the Maywood site. 

.._ 

- 

Additional uncertainty exists as to the pertinence of organismal toxicity for characterizing the 
risk to populations and ecosystems. It is possible that populations may compensate for the loss of 
large numbers of juveniles or adults with increased survival or fecundity, and ecosystems may 
possess functionally redundant species that are less sensitive to contaminants. The great 
uncertainty as to whether ecosystems at the Maywood site, e.g., Westerly and Lodi Brooks) 
possess these buffering mechanisms justifies a conservative approach to risk assessment based on 
organismal toxicity. 

6.4.3.4 Uncertainties in Ecological Risk Characterization 

- 

In addition to the uncertainties described above, which ultimately produce the uncertainty in 
the assessment of current risks for the Maywood site, there are three additional areas of 
uncertainty in the risk characterization: offsite receptors, cumulative risks and future risks. 

-- 

L 

c 

The ERA characterizes the risk to offsite ecological receptors from onsite contaminants 
without benefit of contaminant tracer studies and offsite biotic and habitat surveys. Offsite 
receptors can be exposed to contaminants via animal and physical transport processes, but 
evaluating the magnitude of this exposure would require additional studies. It is unlikely that 
offsite receptors would have lower toxicity thresholds for contaminants than the thresholds used 
for onsite biotic receptors. Also, there is little reason to expect that contaminants migrating 
offsite would be concentrated beyond measured concentrations at the Maywood site unless a 
contaminant bioconcentrates in organisms that move extensively on and off the site. In general, 
the estimate of risk to offsite receptors is likely to be overestimated rather than underestimated. 

i 

The XQs are a means to more realistically estimate offsite risks, but the hypothetical Maywood 
exposure factors for offsite receptors (10 percent of onsite exposure) may, nevertheless, 
underestimate the risks. Actual offsite risks are likely to lie between those for onsite receptors 
based on EQs and those for offsite receptors based on XQs. 

The ERA estimates the risk to ecological receptors from individual contaminants. Generally, 
the methods used were sufficiently conservative that individual risks are overestimated. 
Nevertheless, synergistic effects are possible, perhaps likely, when toxicants interact in 
biological systems. Deleterious effects in ecosystems (and organisms) may cascade throughout 
the system and have indirect effects on the ability of a population to persist in the area even 
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though individual organisms are not sensitive to the given contaminants in isolation. Therefore, 
the ecological risk characterization for the Maywood site may underestimate actual risks to biotic 
receptors from chemical mixtures. d 

A third area of uncertainty in the ecological risk characterization is the future risk to the 
environment from contamination at the Maywood site. The ERA characterizes the current risk 
based on chronic exposure to low concentrations of toxicants with the potential to persist in the 
environment for extended periods of time. Nevertheless, possible mechanisms exist that could 
significantly increase (e.g., erosion, leaching to surface or groundwater) or decrease (e.g.. 
enhanced microbial degradation) the risk to future nonhuman inhabitants of the Maywood site. 

- 

- 

- 
6.4.3.5 Summary 

The major uncertainties in this ERA center around the estimates of the contaminant 
concentrations to which ecological receptors at the Maywood site are actually exposed (exposure 
concentrations) and the concentrations that present an acceptable level of risk of adverse effects 
to the Maywood organisms, their populations and the ecosystems that comprise them (toxicity 
thresholds). These uncertainties arise from many sources, especially the lack of site-specific data 
on contaminant transport and transformation processes, organismal toxicity, animal behavior and 
diet, population parameters, interspecific interactions, and the lack of a fundamental 
understanding of how ecosystems respond to environmental perturbations. 

Given the uncertainties inherent in the risk assessment process, the results of this ERA are 
not precisely correct but ate, nevertheless, sufficiently reliable to guide remedial actions that are 
intended to protect the ecological resources at the Maywood site. 

- 

6.5 SUMMARY 

- 
6.51 Habitats and Wildlife 

The Maywood site is located in an urban and industrialized area. The Maywood site has some 
ecological resources including aquatic, terrestrial, and wetland habitats. Onsite surveys disclosed 
the following commonly seen organisms in terrestrial habitats: groundhog, raccoon, robin, and 
mourning dove. For aquatic habitats, the commonly encountered organisms were: midge larvae, 
minnow, geese, and ducks. A food web shows how these and other organisms interact 

- 

- 
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trophically. No threatened or endangered species identified by the U.S. Fish and Wildlife Service 
or the state of New Jersey is known to inhabit the site. 

-- 

- 

Habitats and biota occurring at the Maywood site arc believed not to be (1) unique or unusual; 
(2) necessary for continued propagation of key species; or (3) highly valued for economic, 
recreational, or aesthetic reasons. The biotic diversity at Maywood is consistent with a modified 
urban environment with scattered industries, residential areas, commercial properties, and 
scattered wetlands, old-fields and lotic habitats. Intensive field analysis for documenting possible 
impacts to biota from site contaminants beyond the findings reported in this section may not be 
WiUlXIlted. 

6.5.2 Chemicals of Ecological Concern and Risk Characterization 

-- 

- 

- 

L. 

i 

Sixty-two chemicals were recognized as potential ecological COCs. Most of these chemicals 
were found above background levels in the soils of MISS, Stepan, commercial/government, 
residential vicinity properties, groundwater in the MISS/Stepan/BaIlod property and Westerly 
and Lodi Brooks. Calcium, potassium, and sodium were dropped from the risk characterization 
because they are essential biological minerals. There are no readily available terrestrial wildlife 
toxicity data for radium, thorium, and uranium (or their isotopes) at the Maywood sites. The risk 
assessment for metals and other elements and volatile and semivolatile organic chemicals relies 
on aquatic and oral toxicity data for laboratory animals, data which was gathered from 
compendia of published studies, e.g., Long and Morgan (1990), AQUIRE (1992). When the 
observed environmental concentrations and physical-chemical parameters of COCs were 
compared to toxicity, mobility and persistence thresholds, 40 of these emerged as the 
contaminants of ecological concern. The ecological quotients or EQs for those contaminants 
exceeding their toxicity threshold ranged from 2.1 to 98 (mean) and 2.1 to 15,053 (RME), where 
any ratio of 1 or greater is a concern. The ecological COCs consist of radium, thorium, and 
uranium (and their isotopes), 14 elements (metals and rare earths), 22 volatile and BNAE organic 
chemicals, and 1 organic pesticide. A discussion of uncertainties in the ERA is provided in 
Section 5.3.3. 

Lead, chromium, and copper generally had the highest EQs in Maywood operational units. 
Barium and lead exceeded 1,000 in soils at commercial/government properties. The EQs of 
chromium, copper and lead exceeded 100 in MISS and commercial/government property soils. 
Lead’s EQ exceeded 100 in Stepan and residential vicinity property soils. Arsenic, chromium, 
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copper and lead in groundwater at the MISS/Stepan/Ballod property had EQs between 10 and 
100. Zinc and phenanthrene had EQs between 1 and 10 in MISS/Stepan/Ballod groundwater and 
Stepan soils, respectively. EQs for the other organic COCs in MISS, Stepan, 
commercial/government vicinity-property soils, MISS/Stepan/Ballod groundwater and Westerly 
Brook surface water could not be calculated because toxicity thresholds could not be established. 

When hypothetical exposure is considered, the heavy metals and phenanthrene present the 
greatest ecological risk to both onsite and offsite aquatic receptors: exposure quotients or XQs 
>102 (Table 6-l 1). Terrestrial organisms exposed onsite via trophic pathways (Table 6-6) are 
subject to the greatest risk from 1) arsenic and chromium in MISS/Stepan/Ballod groundwater, 
2) lead in soils at all sites, and 3) chromium in MISS soil (all XQs > 102). They are exposed to 
an unknown degree of risk from the organics. All COCs pose a serious but lower relative risk to 
offsite terrestrial predators because all XQs for onsite non-soil dwelling organisms exceed 100 
and offsite receptors are hypothesized to experience no less than a tenth of this exposure. 

The numerous COCs with large EQs and XQs strongly indicate that, in the absence of 
remediation, both onsite and offsite terrestrial organisms and populations at Maywood properties 
will continue to be at risk of adverse effects of the type described in Section 6.3. 

d 

- 

- 

- 
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- 

- 

- 
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Table A-L Status of the Maywood Site Properties 

RESIDENTIAL OPERABLE UNIT 

11 Redstone 
Lane, Lodi 

C BNI (1988h) 

17 Redstone 
Lane, Lodi 

C BNI (1989i) 

19 Redstone 
Lane, Lodi 

C BNI (1989za) 

Hancock St., Avenue F and 3 Hancock St., 
Trudy Drive Residences Ldi 

C BNI (1985b) 
R BNI (1986d) 

4 Hancock St., 
Lodi 

C BNI (1989a) 
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Table A-I. Status of the Maywood Site Properties (continued) 

RESIDENTIAL OPERABLE UNIT (continued) 
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Table A-l. Status of the Maywood Site Properties (continued) 

RESIDENTIAL OPERABLE UNIT (continued) 

Reference 

Hancock St., Avenue F and 
Trudy Drive Residences (con) 

59 Ave. C, Lodi 
ii 

ORNL (1984d) 
BNI (1986d) 

106 Columbia Lane and 99 
Garibaldi Ave. 

136 West Central 

90 Ave. C, Lodic D ORNL (1989c) 

106 Columbia C 
Lane, Lodi 

BNI (19890) 

99 Garibaldi C 
Ave., Lodi 

BNI (1989p) 

136 West Central D 
Ave., Maywood 

ORNL (19898) 
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Table A-l. Status of the Maywood Site Properties (continued) 

RESIDENTIAL OPERABLE UNIT (continued) 

Ave. E Residences 

Long Valley Rd. Residences 
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Table A-l. Status of the Maywood Site Properties (continued) 

RESIDENTIAL OPERABLE UNIT (continued) 

h;F,Q 

Designation Name fioperty statusa Reference 

R Grove Ave., and Parkway 10 Grove Ave., BNI (1984a) 
(Previously Residences Rochelle Park ii BNI (1986c) 
Remediated) V ORNL (1986h) 

22 Grove Ave., BNI (1984b) 
Rochelle Park ii BN-I (1986c) 

V ORNL (1986i) 

26 Grove Ave., 
Rochelle Park ii 

BNI (1984c) 
BNI (1986c) 

V ORNL (19863’) 

30 Grove Ave., 
Rochelle Park 

C BNI (1984d) 

t 
BN-l(l986c) 
ORNL (1986k) 

34 Grove Ave., C BN-I (1984e) 
Rochelle Park R BNI (1986c) 

V ORNL (19861) 

38 Grove Ave., BNI (1984f) 
Rochelle Park : BNI (1986c) 

V ORNL (1986m) 

42 Grove Ave., BNI (19848) 
Rochelle Park R BNI (1986c) 

V ORNL (1986n) 

86 Parkway, 
Rochelle Park 

C BNI (1984h) 
R BNI(1986c) 
V ORNL (19860) 
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Table A-l. Status of the Maywood Site Properties (continued) 

RESIDENTIAL OPERABLE UNIT (continued) 

yjg-Q? 

Designation Name Pw=rty statusa Reference 

R (con) Grove Ave., and Parkway 
Residences (con) 

90 Parkway, 
ii 

BNI (1984i) 
Rochelle Park BN-I (1986c) 

V ORNL (1986p) 

Davison Ave. & Latham St. 454 Davison 
Residences Ave., Maywood ii 

ORNL (1986a) 
BNI (1986b) 

V ORNL (1986a) 

459 Davison 
Ave., Maywood R 

ORNL (1981b) 
BNI (1986b) 

V ORNL (1986b) 

460 Davison C ORNL (198la) 
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Table A-l. Status of the Maywood Site Properties (continued) 

RESIDENTIAL OPERABLE UNIT (continued) 

yf?y 

Designation Name 

R (con) Davison Ave. & Latham St. 
Residences 

iTEPAN OPERABLE UNIT 

Property Statllsa Reference 

467 Latham St., ORNL (1981g) 
Maywood : BNI (1986b) 

V ORNL (1986g) 

3 Stepan Property Stepan Property, C Morton (1981) 
Maywood 

tiUNICIPAL PARKS OPERABLE UNIT 

4 Lodi Municipal Park LodiMunicipal C BNI (1988i) 
Park, Lodi 

Firemen’s Memorial Park, J.F. Firemen’s C BNI (1989r) 
Kennedy Park Memorial Park, 
L&i Fire Station Lodi 

1-F. Kennedy C BNI (1989u) 
Municipal Park, 
I&ii 

Fire Station #2, C BNI (1989q) 
L4di 

92-003hm32993 A-7 



Table A-l. Status of the Maywood Site Properties (continued) 

ZOMMERCIAL/GOVERNMENT 

Ave. E Residences, Airco 
Medical, Appleton Electronics 

Sidney St. Auto Storage 

National Community Bank I-80 
North (West Bound Right-of- 

A-8 

1) 
\I 
I 

II 
1 
1 
t 
I 
I’ 
,I 
,I 
1 
4 
a 
ia 
a 
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01 
1 
1 
I 
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I 
J 
1 
J 
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I 
1 
1 
8 
1 
4 
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Table A-l. Status of the Maywood Site Properties (continued) 

:OMMERCIAL/GOVERNMENT (continued) 

Property 
unit 

Designation Name Property statusa Reference 

5 (con) Nat. Community Bank, 
Muscarelle Associates, 
Sears Truck Repair 

113 Essex St. 
Maywood 
(National 
Community 
Bank) 

C ORNL (1989i) 

Sears Truck 
Repair, 
Maywood 
(Joseph 
Muscarelle & 
Asso.) 

D ORNL (1989j) 

mss 

6 MISS, NJ Rt. 17 New York MISS, C BNI (1987g) 
Susquehanna, and Western Maywood NUS (1983) 
Railroad 

New York 
Susquehanna 
and Western 
Railroad 
Property 

C Kannard (1986c: 

NJ Route 17, 
Maywood and 
Rochelle Park 

C Kannard (1986b 

MISS Pile MISS Pile C BNI (1991) 

Ballad Property Ballad Property, C Cole et al. 
Rochelle Park (1981) 

R Crotwell(l985) 
b BNI (1986a) 
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Table A-l. Status of the Maywood Site Properties (continued) 

CIOMMERCIAL/GOVERNMENT 

Federal Express, Gulf Station, 
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J 
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C 

1 

Table A-l. Status of the Maywood Site Properties (continued) 

C = Radiological characterization completed. 
R = Remedial action performed. 
V = Post-remedial action verifkation performed by independent verification contractor. 
D = Designation survey completed. 
Only part of the site remediated. 
Partial remediation completed in 1991 as a time-critical removal action. Documentation of the 
cleanup being prepared. 

1 
1 
I 
5 
I 
B 
1 
II 

,L 
8 
1 
8 
1 
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Bcchtel National, Inc. 1988a. Radioloeical Characterization Reoort for the Residential Prooertv a 
7 Branca Court. Lodi. New Jersei, DOE/OR/20722-167, prepared for U.S. Depa&eni oi 
Energy, Oak Ridge Operations, Oak Ridge, TN, November. 

Bmhtel National, IN. 1988b. Radiolooical Characterization Renort for the Residential Prooertv w 

EnergyyOak Ridge Operations, Or& idge, TN, November. 
11 Bra ca Court. Lodi. New Je sey DOE/OR/20722-168, prepared for U.S. Department of 
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Bechtel National, Inc. 1988c. JXadioloPical Chamcte * ation Report for the Residential Prooertv a 
16 Long Vallev Road. Lodi. Ne Je sev, DOE/OR/7:722-169, prepared for U.S. Department of 
Energy, Oak Ridge Operations, &k kdge, TN, November. 

Bechtel National, Inc. 19886 Radioloeical Characte ’ ation ReDort for the Residential Prooertv at 
18-n VaIleDad. Lodi. New Jersey, DOE/OR/y(?722-170, prepared for U.S. Department of 
Energy, Oak Ridge Operations, Oak Ridge, TN, November. 

Bechtel National, Inc. 1988e. Radiological Characterization ReDort for the 
20 Jona Vallev Road. Lod’. Ne 

Residential Pronertv a 
Je sey , DOWOR/20722-171, prepared for U.S. Department of 

Energy, Oak Ridge Opera&s, &k kdge, TN, November. 

Bechtel National, Inc. 1988f. &&&&al Characterization ReDort for the Residential Prooertv a 
22 l,one Vallev Road. Lodi. Ne Je sey, DOE/OR/20722-172; prepared for U.S. Department of 
Energy, Oak Ridge Operations, &k hdge, TN, November. 

Bechtel National, Inc. 1988g. Radiological Characterization Report for the Residential Property at 
26 Joug Vallev Road. J.odi. New Jersey, DOE/OR/20722-173, prepared for U.S. Department of 
Energy, Oak Ridge Operations, Oak Ridge, TN, November. 

Bechtel National, Inc. 1988h. Radiolo@xl Characterization ReDort for the Residential Propertv at 

Energy, Oak Ridge Operations, Oi Ridge, TN, November. 
:I1 Redstone Lane. Lodi. New Je sey DOE/OR/20722-174, prepared for U.S. Department of 

Bechtel National, Inc. 1988i. Radioloeical Characterization Re~01-t for the Lodi Municinal Park, 
Lodi. New Jersey DOEJOR/20722-175, prepared for U.S. Department of Energy, Oak Ridge 
Operations, Oak kdge, TN, November. 

Bahtel National, Inc. 1989a. JXadioloeical Characte ’ ation Reoort for the. Residential Prooertv at 
4 Ha cock St eet. Lodi. Ne 
Eneriy, Oak &dge Operatio;, O& Edge, TN, September. 

Je sev DOE/OR/2Or%2-237, prepared for U.S. Department of 

Bechtel National, Inc. 1989b. Radioloeical Characte ’ ation Report for the Residential Property u 
5 Hancock Street. Lodi. Ne Je sey DOE/OR./20%2-238, prepared for U.S. Department of 
Energy, Oak Ridge Operation:, Oi& Edge, TN, September. 

Bechtel National, Inc. 1989c. meical Cha acterization Report for the Residential Propertv 
6 Hancock Street. Lodi. New Jersey DOE/OfU20722-239, prepared for U.S. Department 0”: 
Energy, Oak Ridge Operations, Oak &dge, TN, September. 

Bechtel National, Inc. 1989d. Radiological Characte * ation ReDort for the Residential Prooertv a 
cock Street. Lodi. New Jersey DOlYOR/20~~2-240, prepared for U.S. Department of 

Energy, Oak Ridge Operations, Oak ddge, TN, September. 

Bechtel National, Inc. 1989e. Radioloeical Characte * ation ReDort for tbe Residential Pronertv a 
8 Hancock Street. Lodi. New Jersey DOE/OR/20%2-241, prepared for U.S. Department 0; 
Energy, Oak Ridge Operations, Oak &dge, TN, September. 

Bechtel National, Inc. 1989f. Radiological Characterization Renort for the Residential Prooertv a 

Energ; 
a cock Street. Lodi. New Jersey DOE/OR/20722-242, prepared for U.S. Department of 

Oak Ridge Operations, Oak Ridge, TN, September. 
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Bechtel National, Inc. 19898. -non Renort for the Restdentud Propew 
80 DOE/OR/20722-253, prepared for U.S. Department of 
Energy, Oak Ridge Operations, Oak Ridge, TN, September. 

Bechtel National, Inc. 1989h. Radioloeical Characterization Report for the Residential Propertv at 
100 Hancock Street. Lodi. New Jersev DOE/OW20722-254, prepared for U.S. Department of 
Energy, Oak Ridge Operations, Oak Ridge, TN, September. 

Bechtel National, Inc. 1989i. RadioloPical Characterization Report for the Residential Propertv at 
17 Redstone Lane. Lodi. New Jersey DOE/OR/20722-235, prepared for U.S. Department of 
Energy, Oak Ridge Operations, Oak Ridge, TN, September. 

Bechtel National, Inc. 1989j. Radiological Characterization Report for the Residential Property at 
ca cou t. Lo&. New Je sev DOE/OR/20722-233, prepared for U.S. Department of 

Energy, Oak ddge Operations, &tk Ridge, TN, September. 

Bechtel National, Inc. 1989k. Radiolouical Characterization Report for the Residential Pronertv af 
4 Branca Court. Lodi, New Jersey DOE/OR/20722-232, prepared for U.S. Department of 
Energy, Oak Ridge Operations, Oak Ridge, TN, September. 

Bechtel National, Inc. 19891. Radioloeical Characterization ReDort for the Residential Prooertv at 
6 Branca Court. Lod’. Ne Je sey DOE/OR/20722-234, prepared for U.S. Department of 
Energy, Oak Ridge @\rati&, &k Ridge, TN, September. 

Bechtel National, Inc. 1989m. Radioloeical Characte ’ ation ReDort for the Residential Pronertv a 
50 DOE/OR/207%-243, prepared for U.S. Department of 
Energy, Oak Ridge Operations, Oak Ridge, TN, September. 

Bechtel National, Inc. 1989n. Radioloeical Characterization Reoort for the Residential Pronertv y 
80 Industrial Road (Flint Ink). Lodi. New Jersev DOEIORl20722-252, prepared for U.S. 
Department of Energy, Oak Ridge Operations, Oak &dge, TN, September. 

Bechtel National, Inc. 19890. Radiological Characterization Renort for the Residential Prooertv a 
. Ne Je sev DOE/OR/20722-244, prepared for U.S. Department 0; 

ions,WOakrRidge, TN, September. 

Bechtel National, Inc. 1989p. Radiological Characterization Renort for the Residential Prooertv at 
99 Ga ‘baldi Avenue. Lodi. New Jersey DOE/OR/20722-246; prepared for U.S. Department of 
Energy? Oak Ridge Operations, Oak Ridge, TN, September. 

Bechtel National, Inc. 1989q. Radioloeical Characterization Reoort for the Residential ProDertv at 
Lodi Fire Station No. 2 (Kennedv Drivel. Lodi. New Jersey DOE/OR/20722-249, prepared for 
U.S. Department of Energy, Oak Ridge Operations, Oak Ridge, TN, September. 

Bechtel National, Inc. 1989r. Rad’oloPical Cha acterization Reoort for the Firemen’s Memorial 
Park. Garibaldi Avenue. Lodi. Nef Jersey, DOLOW20722-250, prepared for U.S. Department 
of Energy, Oak Ridge Operations, Oak Ridge, TN, September. 

Bechtel National, Inc. 1989s. Radiolopical Characte ’ ation Report for the Commercial Prooet-tv at 
t. Lodt. New Jersey DOlYOR/20%2-245, prepared for U.S. Department of 

Energy, Oak Ridge Operations, Oak Ridge, TN, September. 
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Bechtel National, Inc. 1989t R ’ 1 i _adlot ri mmercial 
? 60 DOE/OR/20722-25 1, 
prepared for U.S?Debartment of Energy,?& Ridge Operations, Oak f;idgk, TN, September. 

Bechtel National, Inc. 1989u. Qy . . u crnal Park. Lod . New Jersey DOE/OR/20722-2;5 prepared for U.S. DepartmIit of 
Eneiiy, Oak Ridge Okrations, Oak Ridge, TN, September. ’ 

Bechtel National, Inc. 1989v. iolopical Cha acte ’ ation ReDort for the Gulf Station ooertv, 
Mavwood. New Je sey DOl%!U20722- 156,rprepzz 
Ridge Operations, dak Ridge, TN, September. 

Bechtel National, Inc. 1989w. Radiolo@cal Characte ’ ation Report for the DeSaussure Property. 
-9 DOE/OlU20722-157, prepEd for U.S. Department of Energy, Oak 
Ridge Operations, Oak Ridge, TN, September. 

Bechtel National, Inc. 1989x. Radiological Characterization ReDo 
9 Hancock St eet. LQd 

rt for the Residential Prooertv at 
i. New Jersey DOE/ORf20722-247, prepared for U.S. Department of 

Energy, Oak &dge Operations, Oak Edge, TN, September. 

Bechtel National, Inc. 1989y. Radioloeical Characte ’ ation Report for the Residential Propew 
14 Long Vallev Road. Lodi. Ne Je sey, DOE/OlU%722-256, prepared for U.S. Department of 
Energy, Oak Ridge Operations, owak kdge, TN, September. 

Bechtel National, Inc. 19892. Radiological Characterization Renort for the Residential Pronem, x 
24 Long Vallev Road. Lod’. Ne Je sey, DOE/OR/20722-236, prepared for U.S. Department 0: 
Energy, Oak Ridge Operatiins, &k &dge, TN, September. 

Bechtel National, Inc. 1989za. R i 1 ooertv at ad o oe cal Characte zation Reoort for the i Residential Pr 
19 Redsto e Lane. Lock New Je see DOE/OR/20?22-248, prepared for U.S. Department of 
Energy, 0% Ridge Operations, Oi Ridge, TN, September. 

Bechtel National, Inc. 1989zb. &&tlQgical Charac . . on ReDort for the PrODem at in 
80 (Eastbound Right-of-Wap). Lod’. Ne Je sev*% 
Department of Energy, Oak Ridge OAratioG, O& &dge, TN, September. 

Bechtel National, Inc. 1991. Characterization ReDOrt for the Interim Storaee Pile at the Mavwood 
Interim Storaoe S ite, Maywood, New Jersey. 

Cole, L.W., J. Berger, P. Cotton, R. Gosslee, J. Sowell, C. Weaver 1981. Radiolonical 

Jersey, Prtpared & th,“U%. Niclear Regulatory Comm!ssEn Ay th! OL RGgelssoci?te: 
Assessme t of Ba od a d ssoc’ates P mertv (Stepan C e ‘m Co pa v). ay ood. e 

Universities, July 1981. 

Crotwell, G.P. 1985. Letter from G.P. Crotwell (BM) to R.G. Atkin (Site Manager, Technical 
Services Division, Oak Ridge Operations Office, U.S. Department of Energy), Subject: Ballad 

haracterization Reoort CCN 28 153 (June 12). 

Kannard, J.R., 1986a. Letter from J.R. Kann~ddh(~htel National, Inc.) to R.G. Atkin (U.S. 
Department of Energy), Subject: Radioloetca C a acterization ReDOr? for Scanel Prooertv in 
Rochelle Park. New Jersey, CCN 39650, September 3. 
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Kannard, J.R., 1986b. Letter from J.R. 
Department of Energy), Subject: Bauj 

Kannard (Bechtel NationaLfIncN ; RrG. Atkin (US. 

Rochelle Park. New Jersev, CCN 420137, Decemb& 15. 
[q 

Kannard, J.R., 1986c. Letter from J.R. Kannard (Bechtel National, Inc.) to R.G. Atkin (U.S. 
Department of Energy), Subject: Radiolocical Characterization Report for New York Susouehannp . . . d Propenv in the Vmmttv oft 
November 19. 

he Mavwood Interim Stor&, CCN 41493, 

Morton, H.W. 1981. &d&ion Survev of the Steoan Chem’cal Companv Radioact 
, Nuclear Safety Associates, Inch, Potomac, Md. 

ive Material on 
Ballad ~so~s fiwerty 

NUS Corporation (NUS) 1983. Radiologic Study of Mavwood Chemical, Maywood, New 
Jersey, prepared for U.S. Environmental Protection Agency, Final Report (November). 

Oak Ridge National Laboratory 1981a. Results of the Radiological Survey at 460 Davison Avenue, 
Mavwood. New Jersey, Oak Ridge, TN, September. 

Oak Ridge National Laboratory 1981b. Results of the Radioloeical Survev at 459 Davison 
Avenue. Mavwood. New Jersey, Oak Ridge, TN, September. 

Oak Ridge National Laboratory 1981c. Results of the Radiological Survev at 464 Davison 
Avenue. Mavwood. New Jersey, Oak Ridge, TN, September. 

Oak Ridge National Laboratory 1981d. Results of the Radiolo@cal Survev at 468 Davison 
Avenue. Mavwood. New Jersey, Oak Ridge, TN, September. 

Oak Ridge National Laboratory 1981e. Results of the Radiological Survev at 459 Latham Street, 
Maywood. New Jersey, Oak Ridge, TN, September. 

Oak Ridge National Laboratory 1981f. Results of the Radiolor&l Su 
Mavwood. New Jersey , Oak Ridge, TN, September. 

rvev at 461 Latham Street, 

Oak Ridge National Laboratory 1981g. Results of the Radiological Survev at 467 Latham Street 
Mavwood. New Jersey, Oak Ridge, TN, September. 

Oak Ridge National Laboratory 1984a. 5, 1 f Driv 
fLJOO4). Lodi. New Jersev, Oak Ridge, TN, October. 

.Oak Ridge National Laboratory 1984b. Results of the Radiological Survev at 59 Trudv Drive, 
JLJOO41. Lodi. New Jersev, Oak Ridge, TN, October. 

Oak Ridge National Laboratory 19%. Results of the Radiological Survev at 61 Trudv Drive, 
fLJOO2). Lodi. New Jersey, Oak Ridge, TN, October. 

Oak Ridge National Laboratory 1984d. Results of the RadioloPical Survey at 59 
(LJoo6). Lodi. New Jerseu, Oak Ridge, TN, October. 

Avenue C 

Oak Ridge National Laboratory 1984e. Results of the Radiological Survcv at 454 Davison 
Avenue. Mavwood. New Jersev, Oak Ridge, TN, October. 

Oak Ridge National Laboratory 1986a. Results of the Independent Radiological Verification 
Survev at 454 Davison Street. Mavwood. New Jersev (MJ13L), ORNIfRASA-86175, Oak Ridge, 
TN, December. 
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Survev at 459 Davison Street. Mayvood. N%Jersev NJ14Ll,ORNLJRASA-86160, Oak Ridge, 
Oak Ridge National Laboratory 1986b. Its of the Independent Radioloaical Verification 

TN, August. 

Oak Ridg; Nat$nral f;aboratory 1986c. Results of the IndeDe dent Raa:oioaical Verification 
Su ev at 60 
m: August. 

av’so Street. Mavwood. New Jersev (MJlSLl, C?RNIJRASA-X6/61, Oak Ridge, 

Oak Ridge National Laboratory 1986d. Results of the Indeoe dent Radiological Verificat’o 
Survev at 464 Davison StreekMavwood. New Jersev MJ16L1, C?RNIJRASA-86162. Oak Rid’ge? 
TN, August. 

Oak Ridge National Laboratory 1986e. Results of the Independent Radiological Verification 
Survev at 468 Davison Street. Mavwood. New Jersev (MJ17L),ORNURASA-86163, Oak Ridge, 
TN, August. 

Oak Ridge National Laboratory 1986f. Results of the Independent Radiolouical Verification 
ORNL/RASA-86/74, Oak Ridge, 

TN, August. 

Oak Rid,; Nationhdkabrorato$ 1986g. Results of the Indenendent Radioloeical Verification 
Survev at 67 Lat a St eet. avwood. New Jersev ~M3121l,ORNLlRASA-86159, Oak Ridge, 
TN, August. 

Oak Ridge National Laboratory 1986h. Results of the Indene dent Radioloaical Verification 
Survev at 10 Grove Avenue. Rochelle Park. New Jersey CMJGL\, ORNLlRASA-86143, Oak 
Ridge, TN, August. 

Oak Ridge National Laboratory 1986i. Results of the Indenendent RadioloPical Verification 
Survey at 22 Grove Avenue. Rochelle Park. New Jersev (tiJO4L), ORNLIRASA-86143, Oak 
Ridge, TN, August. 

Oak Ridge Nat:“,“’ k;bFtory 19863. Results of the Indenendent Radioloeical Verification 
Su ev at 26 fl o e 
Rid:e, TN, August. 

e ue. Rochelle Park. New Jersev (MJOSLl, ORNL/RASA-86-44, Oak 
- 

Oak Ridge National Laboratory 1986k. Results of the Indenendent Radiological Verification 
Su ev at 30 G o e Avenue. Rochelle Park. New Jersev (MJO6L1, ORNLIRASA-86145, Oak 
Rize, TN, Au&z. 

Oak Ridge National Laboratory 19861. Results of the Indenendent Radiological Verification 
Su ev at 34 Gro e Avenue. Rochelle Park. New Jersev CMJ07L1, ORNLIRASA-86146, Oak 
Rid:e, TN, Auguz. 

Oak Ridge National Laboratory 1986m. Results of the Indenende nt Radioloeical Verification 
Survev at 38 Grove Avenue. Rochelle Park. New Jersev CMJ08L1, ORNL/RASA-86/47, Oak 
Ridge, TN, August. 

Oak Ridge National Laboratory 1986n. Results of the Indene ndent Radioloaical Verification 
Survey at 42 Gro e A 
Ridge, TN, Augui. 

venue. Rochelle Park. New Jersev (MJO9L1, ORNL/RASA-86141, Oak 
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Oak Ridge National Laboratory 19860. R * 1 n 
Survey at 86 Park Wav. Rochelle Park. New Jersev (MJOZLI; ORNLfRASA-86141, Oak Ridge, 
TN, August. 

Oak Ridge National Laboryly IP986p. Results of the Indenendent Radiolopical Verification 
Su ev at 90 Parkway. Rot e e ark. New Jersev (MJOILL ORNL/RASA-86118, Oak Ridge, 
Tl’!:Jul y. 

Oak Ridge National Laboratory 1986q. Results of the Indepe 
Survev at 461 Latham Street. Mav 

ndent Radioloaical Verification 
wood. 

TN, August. 
New Jersev (MJl IL\, ORNUUSA-86/58, Oak Ridge, 

Oak Ridge National Laboratory 1986r. Results of the Indeue 
Survev at 461 Latham 

ndent Radioloeical Verification 
St met. Mavwood. New Jersev 

TN, August. 
~MJ12L~,ORNL/RA SA-86158, Oak Ridge, 

Oak Ridge National Laboratory 1989a. Results of the Radioloeical Survev at 62 Trudv Drive, 
J ,odi. New Jw. DOE/OR/2 1400, June. 

II ,JO911. Lodi. New Jersey. ORNL/RASA-88179, OyKdge, TN. 
Oak Ridge National Laboratory 1989b. Results o t e Radioloeical Survey at 79 Avenue B 

Oak Ridge National Laboratory 1989c. Pesu ts o t e . . 
fJ JO791. Lodi. New 

ad oloe ca 
ORNLIRASA-88I6:, 0; kdie, &, Jtnd. 

Su rvev at 90 
Jersey 

Avenue C 
, 

Oak Ridge National Laboratory 1989d. Results of the Radioloeical Survev at 108 Avenue E. Lodi, 
New Jersey. DOWOR/21400, June. 

Oak Ridge National Laboratory 1989e. Resu ts o t e . . 
fJ 5082). Lodi. New Jersey 

ad o oa ca Su 
ORNURASA-88/:0, Of,hRidRge,‘T!N, ;ut!e. 

rvev at 112 Avenue E 
, 

Oak Ridge National Laboratory 1989f. Results of the Radiolopical Survev at 113 Avenue E 
flJO811. Lodi. New Jersey, ORNLJRASA-88169, Oak Ridge, TN; June. 

Oak Ridge National Laboratory 19893. Results o 
Avenue (MJ0301. Mavwood. New Jersey 

f the Radiolonical Survev at 136 W. Central 
, ORNLIRASA-88122, Oak Ridge, TN, February. 

Oak Ridge National Laboratory 1989h. Results of the Radiological Survev at 200 Rt. 17 (MJO351, 
Mavwood. New Jersey, ORNLIRASA-88123, Oak Ridge, TN, February. - 

Oak Ridge National Laboratory 1989i. Results of the Radiological Survev at National Community 
B-Essex Street (MJO211. Mavwood. New Jersey, ORNL/RASA-88/51, Oak Ridge, TN, 
September. 

Oak Ridge National Laboratory 198j. Results of the Radiological Survey at Rt. 17 and Essex 
Street cMJO361. Mavwood. New Jersey, ORNURASA-88124, Oak Ridge, TN, February. 
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Appendix C 

Incremental Exposure Dose Calculation Tables 

Appendix C contains tables of incremental exposure dose calculations including soil 
ingestion, water ingestion, inhalation, direct radiation, and radon for the Maywood, J?J property 
units, exposure scenarios, and receptors. The results presented on these tables are discussed in 
Section 3 and Summarized in Table 3-7. Listed below are the tables included in the Appendix. 

Table C-l 

Table C-2 

Table C-3 

Table C-4 

Table C-5 

Table C-6 

Table C-7 

Table C-8 

Table C-9 

Table C-10 

Estimated Exposure Dosage - Current 
Employee 
Estimated Exposure Dosage - Current 
Resident (Child) 
Estimated Exposure Dosage - Current 
Resident (Adult) 
Estimated Exposure Dosage - Current 
Resident (Adult and Child) 
Estimated Exposure Dosage - Current 
Transient 
Estimated Exposure Dosage - Future 
Employee 
Estimated Exposure Dosage - Future 
Resident (Child) 
Estimated Exposure Dosage - Future 
Resident (Adult) 
Estimated Exposure Dosage - Future 
Resident (Adult and Child) 
Estimated Exposure Dosage - Future 
Transient 

93-oolP/O12593 C-l 



-l 

8 
5 E E LL 
5 I 8 a 8 
n 2 sj 
8; 
w 
B %

 
E 
‘Z 
w” 

5 a, 
13 
F 

%
 

ii= 
B 2 

1 p if 
i5 
3, w 
cs 
e 3 

. 
a p .z” 
O

R 

; 6X 2 
6” 
2 zx iii 
8” 
!z 

- 
8 ZX 

9 
zu 
0 G

 %
 

ZX 

t 52 

G
 

f d i 3 2 

8 I 8 1 I 8 a 1 n I I I 8 

Y 
gz+ 

oz 
2 

3+ 
t 

az 

J--l 

8 
Elm

 
2 

8= 
c 

gjzzi 
rnnO

 
f 

0 
us 

.~~uotl 
I9 

rnrn,~ZZ 
B 

f 
oz 

88 
w II II 

b 
5 

$;z%
e 

c-2 



.I 1 I I I 1 II I 1 I 1 I 8 I B 
d I 1 8 1 



F 3 9 E 
3 v) 
a” 
E p! 
8 I & iz 
00 
s: 
;I ii 3 Ei 
E 
‘S 
w

” 

2 a, 
2 + 

bi 
%

 
zx 00 

,#Xl 
0 

do 
5; 5 f 
gxze 

t I: 
.-CUP 
555 
335 

5 

Ei 
2 

cr, 8 
,',G

i 
:ttt 
5J33 

C-4 

I I I 1 t 1 8 li I E 8 I 1 m
 

I 1 I 3 1 



I 1 I I m
 

8 I I 1 I 1 I 8 I I I I I 8 1 

s f 0 u 5 = 3 
9 E 
ifi 8 
IT 
E F 
5 I i!h 
$ 
00 
a2 
51 
g” 
ft W

 

B 5 E 
‘Z 

I.! 

9 s %
 

I- 

P D 2 P 
5; 

f 
II 

II I 
xa 

c-5 



E .- f c ii t 3 I a. 
CJlj 
$i 
cl 92 
2 x Lti 
z -5 
E 
z I3 
s a3 
E sj 

IULU 
gz 
a p : 
6 3, 
cE” 

I 
Q

u 
3 _ 
a p .s 
au 
; ii* !i! 
5” 
i= - 
4 9, 
E s 
5” 
6 

.- 
9 x : 
E 

- 
I= 
z gx 

t 5 
c 5 = $ I5 
0 E :: ; 2 

i3 

I I 

m
 

m
 

Fi 
Tjii? 

p 
82 
:?ii 

I 
i&f: 
m

 m
 II 2 

“I, 
II 

%
 11 z n. 

I 
q 

xuz 

I 
2 ii ii 

I 
E z 

.- g 
I 



I 1 I I I I 1 I I I I I I I I I 

8 
5 i p! 
3 5 LL 
I t%

 
c6L 
8-s 
t: 5 8 

.a 
1 

Lz 

uJ$ 
! a p 2 
5 3, w 
Lzz 
2 5 
a p .2” 
m

u 
kz 
ii! 
EX s 
zu 
g 4 9 : 

zx ii 
5” 
5 8 zx 

- I 

i 8a 
a’9 
ys 
8i- 
x 6 
d ti 

M
B 

r- doi 

1 

8 
g 

rl 
5 

s 
o,I,“, 
ztt! 
533’ 

i? 
f d T. 
a 2 Ki 

%
 

4 G
 

Y G
 

.6 ij 9 k cq 
z 9 ci 

iii iii 
cu’ 

c-7 



i I E 

81 
$2 

I 

ii: 

I I 1 8 I N
 

1 I 1 I 1 I I I I I ‘31 
C-8 



1 II I I 1 I 1 I 1 1 1 1 i I I I ff I 

i%
 

fl 
00; 
Eh E 
XE 
$ 

if -0 P) 
iii E 
‘Z= 
w” 

c-9 



s- 
6 z cc 
%

 
3 9 

( E 3 8 u 9 zl 
5 LL 
I 

5 
8 v, 
5. 

lu 

-lUC9Zp10Ul 
5555!255 
zl33133zl3 



E .- f c 92 
3 s l.L 
I i3l 
ill 
00; 
2’ 
iz 
iii. 
ti B iii E 
‘7 
w

” 
d 5 al 
E e 

! 
gi 

B a p 

I i 

6 9: C! 
=i 
P 3 
a E: I 
d 

i 

i =: 

1 

gi 

2 2’ 

1 . 
Zi 

.o 

jg 

rg 
> i 

2: 

E 
!f-j 
‘0 
‘Z> 5 

k6 
8%

 
dd 

ij 

! 

a 3 
ii 

a 
2%

iI~ 
(D m

 m
 

ttt 
zzz 

I333 
j 

5 
i 

.- 
B : 

ii 
D

 six 
! 

E5 
j 

p 5 :,+ 
Iho 

E En: 0 0 
DrnllZZ 
f 

= 
w 

II 
ll 

lI5ao 
iXLKZZ 

c-11 



1 
I 
I 
I 
1 

1 
I 
I 
I 
I 
I 
I 
a 
I 
I 
I 

1 

APPENDIX D 

GENERAL ANALYTICAL ASSUMPTIONS 



Appendix D 

I 
I 
I 

General Analytical Assumptions 

Appendix D contains tales of values assumed in the computation of doses and risks for 
the various scenarios. Listed below are the tables included in this appendix. 

Table D-l 
Table D-2 
Table D-3 
Table D-4 
Table D-5 
Table D-6 
Table D-7 
Table D-8 

I 
93-oolP/O12593 

Values Assumed for Scenario Parameters 
Values Assumed for RESRAD Analysis 
Site-Specific Geotechnical Assumptions 
RME Parameter Assumptions 
Dose Conversion Factors 
Cancer Risk Slope Factor Summary 
Actual Measured Data for the Maywood Site 
Radiological Dose From Actual Measured Values 
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Table D-2. Values Assumed for RESRAD Analysis 

Parameter Unit Resident 
Adult Child 

Employee Transient 

Exposure time indoors (ET) 

Time spent outdoors 

Exposure frequency (EF)h 

Exposure duration (ED)hj 

Body weight (SW) 

hhalation rate (lR)h 

Dust concentration in airf 

Amount of dust from contaminated soilf 

Amount of dust that is respirablef 

Amount of outdoor dust assumed 
to be present indoorsg 

Soil ingestion rate, aduhe*i 

Water ingestion rate (fRw)e-i 

External gamma shielding factod 

h/d 

MI 

ti 

Y 

kg 

m3/yr 

udm3 

% 

% 

% 

g/yr 

Llyr 

AVE: 15.6e 
RME: 15.6e 

AVE: 
RME: 

350 

AVE: 3 6 
RMB: 24 6 

70 15 

AVE: 
RME: 

AVE: 
RME: 

543oc 
73OOd 

100 
200 

50 

30 

40 

AVE: 
RME: 

AVEZ 490 190 
RME: 700 280 

21 35 
35 70 

0.8 

4.8a 0 
4.8a 0 

1.2e 0.14b 
1.2e 1.4 

250 350 

7 9 
25 30 

70 70 

16425 2760 
21900 8760 

100 100 
200 200 

50 50 

30 30 

40 40 

7.5 .2lh 
12.5 4.lh 

175 N/A 
250 N/A 

0.8 N/A 

N/A 

i 
C 
d 
e 
f 
g 
h 
i 

not applicable 
7 hid for 250 d/y, divided by 8760 h/y (24 hr/day) 
1 b/wk (52 wk/y) divided by 8760 h/y (24 hr/day) 
15 m3/d 
20 m3/d 
Exposure Factors Handbook, (EPA 1990) 
(Gilbert 1983), (Paustenbach 1989) 
Based on value given in Alzona et al. (1979) 
OSWER 9285.6-0.3 (EPA 199lb) 
RAGS (EPA 1989b) 

92403hGQ12593 D-4 

I 
I 
1 
I 
I 
I 
i 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 

1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 

Table D-3. Site-Specific Geotechnical Assumptions 

Contaminated Zone Total Porosity: 

Contaminated Zone Hydrologic Conductivity: 

Dilution Attentuation Factor 

Evapotranspiration Coeff: 

Precipitation: 

Runoff Coeff: 

Saturated Zone Total Porosity: 

Saturated Zone Hydraulic Conductivity: 

Saturated Zone Hydraulic Gradient: 

A5 

123 m/yr sat 
or 
1.23 m/yr unsat 

loo/500 ft 

0.46 

1.07 mlyr 

.25 

0.45 

123 m/yr 

0.01 

Unsaturated Zone Thickness: 1 to 4.6 m 

Unsaturated Zone Total Porosity: 0.45 

Unsaturated Zone Effective Porosity: 0.26 

Unsaturated Zone Hydraulic Conductivity: 1.23 m/yr 

92-155tvliO32993 D-5 



Table D-4 
RME Parameter Assumptions 

Resident: 

RMl2 Use all average values except (use 95% UCL) 
soil concentration 
time fractions (indoor and outdoor) 
dust loading 
soil ingestion rate 

Employee: 
drinking water intake 

RME replad 
soil concentration 
dust loading 
soil ingestion rate 

Transient: 
drinking water intake 

RMEZ replace 
soil concentration 
dust loading 
soil ingestion rate 

924EWO12593 D-6 
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Table D-5. Dose Conversion Factors 
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Table D-6. Cancer Risk Slope Factor Summary 

Parent Radionuclide 

Thorium-232 

Radium-228 +D 

Thorium-228 + D 

Inhalation 
l/pCi 

2.8 E-8 

6.9 E-10 

7.8 E-8 

Ingestion 
mrem/pCi 

1.2 E-11 

1.0 E-10 

5.5 E-11 

Direct 
(mrem/yr I pCi/cm3) 

2.6 E-l 1 

2.9 E-6 

5.6 E-6 

Uranium-238+D 5.2 E-8 2.8 E-11 3.6 E-8 
I 

ctmmm-227 +D 

Source: RESRAD Computer Code V4.6 (Gilbert et al. 1987) 
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TABLE D-7. ACTUAL MEASURED DATA FOR THE MAYWOOD SITE* 

GOVERNMENT 

LOCATION PROPERTY INDOOR GAMMA 
UNIT fuWhour1 

OUTDOOR GAMMA 
(uR/hour) 

GOVERNMENT 

MAX VALUES USED FOR UCL95- when nc3 or UCL95smax 
:*” <.’ .~<*>,+.jc.+.>~$<*>~~ :~, ?‘I * I~~.,::~~~~~~*~:~,~:~~~~:~.~ .>>*:*$A -5 $,,+. ( ,. ” ‘;’ .’ ./ n. <&. T -’ = . 9*OUTDOOR WHEN NO INDOOR GAMMA AVAILABLE 
*BACKGROUND SUBTRACTED 
ZERO EXPOSURE VALUES ARE BELOW BACKGROUND 

D-9 



TABLE D-8. RADIOLOGICAL DOSE FROM ACTUAL MEASURED VALUES* I 
RADON 

(mrem/yr) 
LOCATION PROPERTY EmDlovee I Resident I Transient 

I COMMERCIAL/ 
I 

UNIT 6 IMISS\ I 37 I 57 I I I i I 

GOVERNMENT 

UIT 8 ND 1 ND 1 

. UNIT Mean - RME Mean RME Mean RME 
1 UNIT 1 27 57 

I,[2 1 3 
IIT 3 A A 

:I n 

GOVERNMENT 
I 

I 

ND=NO MEASURED DATA AVAIlABLE FOR SCENARIO 
*BACKGROUND SUBTRACTED I 
ZERO EXPOSURE VALUES ARE BELOW BACKGROUND 

1 

I 
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CHEMICAL CONTAMINANTS EXPOSURE AND RISK ESTIMATES 
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Appendix E contains tables of intake and risk estimates for chemical contaminants of 
concern. Results are tabulated as total cancer risk or total hazard index for carcinogens and 
noncarcinogens respectively for the MISS and Stepan and in the case of groundwatcr immediate 
adjoining properties. 

Table E- 1 

Table E-2 

Table E-3 

Table E-4 

Table E-5 

Table E-6 

Table E-7 

Table E-8 

Table E-9 

Table E-10 

Table E- 11 

Table E-12 

Table E-13 

Table E-14 

Table E-15 

Table E-16 

Table E-17 

Table E-17A 

Table E-17B 

Table E- 17C 

Table &17D 

Table E-18 

Table E-18A 

Table E-18B 

92403MD32993 

Risk From Soil Ingestion at MISS Using RME Values - Receptor: Current 
and Future Emplo$e 
Risk From Soil Ingestion at MISS Using Mean Values - Receptor: Cm-r&t 
and Future Employee 
Risk From Soil Ingestion at MISS Using RME Values - Receptor: 
- Current and Future Transient 
Risk From Soil Ingestion at MISS Using Mean Values - Receptor: 
- Current and Future Transient 
Risk From Inhalation of Soil Particulates at MISS Using RME Values - 
Receptor: Current and Future Employee 
Risk From Inhalation of Soil Particulates at MISS Using Mean Values - 
Receptor: Current and Future Employee 
Risk From Inhalation of Soil Particulates at MISS Using RME Values - 
Receptor: Current and Future Transient 
Risk From Inhalation of Soil Particulates at MISS Using Mean Values - 
Receptor: Current and Future Transient 
Risk From Soil Ingestion at Stepan Using RME Values - Receptor: 
Current and Future Employee 
Risk From Soil Ingestion at Ste~an Using Mean Values - Receptor: Current 
and Future Employee 
Risk From Soil Ingestion at Ste~an Using RME Values - Receptor: 
Current and FUG Transient - 
Risk From Soil Ingestion at Ste~an Using Mean Values - Receptor: 
Current and FUG Transient - 
Risk From Inhalation of Soil Particulates at Stepan Using RME Values - 
Receptor: Current and Future Employee 
F&k From Inhalation of Soil Particulates at Stepan Using Mean Values - 
Receptor: Current and Future Employee 
Risk From Inhalation of Soil Particulates at Stepan Using RME Values - 
Receptor: Current and Future Transient 
Risk From Inhalation of Soil Particulates at Stepan Using Mean Values - 
Receptor: Current and Future Transient 
Risk From Alluvium Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Employee 
Risk From Alluvium Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Resident (Adult) 
Risk From Alluvium Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Resident (Child) 
Risk From Alluvium Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Resident (Adult) @ = 1000’) 
Risk From Alluvium Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Resident (Child) (D = 1000’) 
Risk From Alluvium Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Employee 
Risk From Alluvium Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Resident (Adult) 
Risk From Alluvium Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Resident (Child) 
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Table E-18C 

Table E18D 

Table E- 19 

Table E 19A 

Table E- 19B 

Table E- 19C 

Table E 19D 

Table E-20 

Table E2OA 

Table B20B 

Table E-20C 

Table E2OD 

Table E-2 1 

Table E-22 

Table E-23 

Table E-24 

92403MtQ32993 

Risk From Alluvium Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Resident (Adult) (D = 1000’) 
Risk From Alluvium Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Resident (Child) @ = 1000’) 
Risk From Bedrock Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Employee 
Risk From Bedrock Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Resident (Adult) 
Risk From Bedrock Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Resident (Child) 
Risk From Bedrock Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Resident (Adult) @ = 1000’) 
Risk From Bedrock Groundwater Ingestion at MISS Using RME Values - 
Receptor: Future Resident (Child) (D = 1000’) 
Risk From Bedrock Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Employee 
Risk From Bedrock Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Resident (Adult) 
Risk From Bedrock Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Resident (Child) 
Risk From Bedrock Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Resident (Adult) @ = 1OOB’) 
Risk From Bedrock Groundwater Ingestion at MISS Using Mean Values - 
Receptor: Future Resident (Child) (D = 1000’) 
Risk From Surface Water Ingestion Using RME Values - Receptor: Child 
Wading in Westerly Brook 
Risk From Surface Water Ingestion Using Mean Values - Receptor: Child 
Wading in Westerly Brook 
Risk From Sediment Ingestion Using RME values - Receptor: Child 
Wading in Lodi Brook 
Risk From Sediment Ingestion Using Mean Values - Receptor: Child 
Wading in Lodi Brook 

E-1A 

I 
I 
I 
s 
! I! 
I 
t 
1 
1 
1 
Y 
m 
1 
II 
1 
I 
f 
1 
I 



TABLE El 
RISK FROM SolL INGESTION AT MISS 
RECEPTOR: CURRENT AND FUTURE EMPLOYEE 
=;;= aiE y&G= 

CONTAMINANT OF CONCERN 

I 
1 
I 
1 
f 
1 
I 
I 
1 
t 
8 
1 
II I 
Jt 
4 
I 
1 
1 

92.003~lU93 

1 

SolL 
CONCEN-RATICN 

OWW 

BENZO(A)ANlHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLOURANTHENE 
‘dENZO(K)FLOURANlHENE 
ers(2-ETHYLHEXYL)PHTHALATE 
-Uhf 

DlBEN.ZO(A,H)ANTHRACENE 
INDENO(1,2,3CD)PYRENE 
LITHIUM 

765E-01 
7,3BE-01 
6,34E-01 
7.66E-01 
7.59E-01 
l.lOE+03 
8.62E-01 
4.71 E-01 
525E-01 
2.03E+03 

WCARClNoGENs 

SOIL 
CONCENTRATlON 

Pwkel 

AMHRACENE 
BENZO(G.H.I)PERYlENE 
BiS(2-ETtiYLHEXYL)PHTHALATE 
BUTYLBENZYLPHTHALATE 
CMUM 

DI-N-BUMPHTHALATE 
FLWRAN-IHENE 
LITHIUM 
IJYFEKE 
TGLUENE 
UR4NlUM 

4.72E-01 
4.20E-01 
7.59E-01 
1 .OOE-01 
1.1 OE+03 
1.26E+02 
4.30E+OO 
2.06E+OO 
2.03E+03 
1.61 E+OO 
4.53E-03 
60BE+Ol 

Intake(mg/kg-d)- 

cs - UL95 chemical concentration in surface soil (mglkg) 
IR - Ingestion rate (50 mg/d) 
Fl = Fraction ingested from contaminated source (1) 
CF - Conversion factor (10-6 kg/mg) 
EF - Exposure frequency (250 d/yr) 
ED = Exposure duration (25 yr) 
BW - Body weight (70 kg) 
AF - Averaging frequency (365 d&r); and 
AD P Averaging duration, yr (equal to ED for noncarcinogens 
and 70 years for carcinogens) 

ORU 
SLOPE FACTCR 

(mg/kgld)-1 

7.30E+OO 
7.30E+OO 
7.30E+OO 
7.30E+OO 
1.40E-02 

ND 
7.30E+OO 
7.30E+OO 
7.30E+OO 

No 

ORAL 

(mg?gld) 

3.00E-01 
ND 

2.00E-02 
2.00E-01 
5.00E-03 
4.00E-02 
1 .OOE-01 
4.OOE-02 
2.00E.02 
3.00E-02 
2.00E.01 
3.00E-03 

INTAKE 
O’rWwJ) 

1.37E-07 
1.29E.07 
1.46E-07 
1.34E-07 
1.33E-07 
1.92E-04 
1.51 E-07 
&23E-08 
9.17E-09 
3.55E-04 

TOTAL CANCER RISK I 

CSxIRxCFxFIxEFxED 
-----_-_--________--------.------ 

BWxAFx AD 

INTAKE 
b’wkg-dl 

2.31 E-07 
149E-03 
3.72E-07 
4.69E-OB 
5.3BE-04 
6.1 SE-05 
2.10E-06 
i.OlE-06 
9.93E-04 
7.65E-07 
2.22E-09 
2.97E-05 

HAZARD INDEX = 

E-2 

FE% 

1 .OOE-06 
9.42E-07 
l.O6E-06 
9.77E-07 
1.86E.09 

tQ 
l.lOE-06 
6.01 E-07 
6.69E-07 

NJ 

6.35E-06 

HAZARD 
QUOTIENT 

7.70E-07 
la 

1.66E-05 
2.45E-07 
l.O9E-01 
1.55E-03 
2..lOE-05 
2.52E-05 
4.97E-02 
2.62E-05 
i.llE-09 
9.92E-03 

1.69E-01 



TABLE E-2 
RISK FROM SOIL INGESTION AT MlBS 
RECEPTCR:CLR%=iENTbNDFUlUREEt@LOYEE 
uslffi MEAN VW 

CONTAMINANTOF CONCERN 

EENZCfA)ANTHRACUJE 
BENZO(A)PYRENE 
BENZO(B)FUXIlIbNTHENE 
BENZ~K$=LOURANTtiENE 
BlB(2-ErlfYlHEXYL)PKrHALATE 
cl-Flmw 

DlBENZO(4H)ANTHRACENE 
INDENCj1.2.3-CD)PYRENE 
LilHIUM 

NoNcARclNoGENB 

ANTHRACENE 
BENIO(G.H,l)PERYLENE 
BlS(Z-ETHYLHEXYL)PHTH4LATE 
BUTYLBENZYLPHTtGJAlE 
cz+FmluM 
axl=m 
DI-N-BUMPHTHALATE 
FLUOR’JNTHENE 
LITHIUM 

TOLUENE 
UR44UM 

BViL 
CONCENlRATKlN 

bW%!) 

3.76E-01 
3.54E-01 
4.01 E-01 
3.57E.01 
3.12E-01 
1.70E+02 
4.30E-01 
2.31 E-01 
3.36E-01 
3.55E+02 

BOIL 
CONCENTRA-IICN 

b’wkg) 
2.57E-01 
3.16E-01 
3.12E-01 
1.50E-01 
1.70E+02 
6.16E+Ol 
1.6OE-01 
8.30E-01 
3.55E+02 
6.71 E-01 
3.62G03 
5.26E+Ol 

ORAL 
SLOPE FACTOR 

(mg/kgld)-1 

7.30E+OO 
7.30E+OO 
7.30E+OO 
7.30E+OO 
1.40E-02 

ND 
7.30E+OO 
7.30E+OO 
7.30E+OO 

ND 

3.00E-01 
ND 

2.00E-02 
2.00E-01 
5.00E-03 
4.00E-02 
1 .OOE-01 
4.00E-02 
2.00E-02 
3.00E-02 
2.00E-01 
3.00E-03 

INTAKE 
O-wke-d) 

1.1 OE-06 
l.O4E-06 
1 .16E-06 
l.O5E-06 
Q.l6E-09 
4.9QE-06 
1.26E-06 
6.76E-09 
Q.66E-09 
l.O4E-05 

INTAKE 
bWw4 

7.54E-06 
5.92E-09 
Q.l6E-06 
4.40E-08 
4.QSE.05 
1.61 E-05 
5.26E-08 
2.44E-07 
l.O4E-04 
l.S7E-07 
1 .12E-09 
1.54E-05 

8.06E-06 
7.5QE-06 
6.5QE-06 
7.65E.08 
1.26E.10 

ND 
9.21 E-08 
4.95E-06 
7.20E-06 

ND 
5.33E-07 

HAZARD 
cumm 

2.51 E-07 
ND 

4.56E-06 
2.20E-07 
Q.Q8E-03 
4.52E-04 
5.28E-07 
6.0QE-06 
5.21 E-03 
6.57E-06 
5.61 E-09 
5.15E-03 

HAZARD INDEX - 2.06E-02 

CSXIRXCFXFIXEFXED 
------_----___--_________________ 

BWXAFXAD 

cs - Mean chemical concentration in surface soil (mg/kg) 
IR - Ingestion rate (30 mg/d) 
FI - Fraction ingested from contaminated source (1) 
CF I Conversion factor (10-6 kg/mg) 
EF - Exposure frequency (250 d&r) 
ED - Exposure duration (7 yr) 
BW - Body weight (70 kg) 
AF - Averaging irequency (365 dlyr); and 
AD - Averaging duration, yr (aqua! to ED for noncarcincgens and 70 
years for cardnogens) 

E-3 



TABLE E-3 
RISK FROM SOIL INGESTtON AT t&S9 
RECEPTOR: CURRENT AND FUtURETRANSIENT 
LtS!!! F&E !/MJES 

CONTAJ#lANTOF CONCERN 

CAR- 

BENZO(A)ANTtiRACENE 
BENZO(A)PYRENE 
BENZO(B)FLCURANTHENE 
BENZO(K)FLOU~ENE 
BlS(2-tiHYLHEXYL)PliTHAtAlE 
ckRadJM 
cl-l- 
DIBE~~(A,~~)AN-I~~~ICENE 
INDENO(1 P,SCD)PYRENE 
IJTHIUM 

NCWXRClNoGENS 

ANT~~R~cENE 
BENZO(G,H,I)PERYLENE 
BlS(2-ETHYLHEXYL)PHTHALATE 
BUTYLSENZYLPHTHAIATE 
CI-WOMUM 

DI-N-BUMPHTHALATE 
FLUORANTHENE 
UMIUM 

TCLUENE 
URANIUM 

SCIL 
CONCENTRATKIN 

bwkg) 

7.65E-01 
7.36E-01 
8.34E-01 
7.66E-01 
7.69E-01 
1 .l OE+03 
6.62E-01 
4.71 E-01 
5.25E-01 
2.03E+03 

SGiL 
CONCENTRATIDN 

PWW 

4.72E-01 
4.20E-01 
7.5QE-01 
1 .OOE-01 
l.lOE+03 
1.26E+02 
4.30E+OO 
2.06E+OO 
2.03E+03 
1.61 E+OO 
4.53E-03 
6.06E+Ol 

Inlake(mg/kg-d)= 

ORAL 
SLOPE FACTOR 

(mg/kgId)-I 

7.30E+OO 
7.30E+OO 
7.30E+OO 
7.30E+OO 
1.40E-02 

NJ 
7.30E+OO 
7.30E+OO 
7.30E+OO 

ml 

INTAKE 
NwW-d) 

5.37E-06 
5.05E-06 
5.71 E-06 
5.24E-06 
5.2OE-06 
7.53E-05 
5.90E-06 
3.22E-06 
3.5QE-08 
1.3QE-04 

TOTAL CANCER RISK. 

(mg?g/d) 

3.00E-01 
NJ 

2.00E-02 
2.00E-01 
5.00E-03 
4.00E-02 
1 .OOE-01 
4.00E-02 
2.OOE-02 
3.00E-02 
2.00E-01 
3.00E-03 

INTAKE 
@W%W 

7.54E-06 
1.61E-07 
1.21 E-07 
1.60E-06 
1.76E-04 
2.02E-05 
6.67E-07 
3.30E-07 
3.24E-04 
2.56E-07 
7.23E-10 
9.71 E-06 

HAZARD INDEX I 

CSxIRxCFxFIxEFxED 
---------___-__-______________ 

BWXAFXAD 

CS = UL95 chemical concentration in suriaca soil (mgIkg) 
IR - Ingestion rate (200 mg/d) 
Fl - Fraction ingested from contaminated source (1) 
CF - Conversion factor (10-6 kg/me) 
EF - Exposure frequency (20.4 d/yr) 
ED - Exposure duration (30 yr) 
BW - Body weight (70 kg) 
AF = Averaging frequency (365 d/yr); and 
AD - Averaging duration, yr (equal to ED for noncarcinogens 
and 70 years for carcinogens) 

E4 

3.92E-07 
3.6QE-07 
4.17E-07 
3.83E-07 
7.26E-10 

N3 
4.30E-07 
2.35E-07 
2.62E-07 

NJ 

2.49E-06 

HAZARD 
QUOTIENT 

2.51 E-07 
NJ 

6.06E-06 
7.96E-06 
3.51 E-02 
5.04E-04 
6.67E-06 
8.24E-06 
1.62E-02 
8.54E.06 
3.62E-09 
3.24E-03 

5.51 E-02 

1 
1 
1 
,li 
1 
4 
d 
I 
a 
IQ 
I 
II \ 1 
c 
1 
1 
d 
t 
a 



TABLE E-4 
RISK FROM SGIL INGESTION AT MISS 
RECEPTOR: CUFIRENTANDFUTURETP.ANS~ENT 
B;g=*c&yL’: vfiss 

CoNTAhJiMOF CONCERN 

BENZC(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLOURANMNE 
BENZO(K)FLOURANTHENE 
BlS(2-RHYMEXYL)PHTHALATE 
c+FcMuM 

DlBENEO(A.H)ANlHFiACENE 
INDENG(1 ,P$CD)PYRENE 
LITHIUM 

NOV-CARCI~ENS 

ANTHRACENE 
BENZO(G.H,l)PERYLENE 
BlS(2-ETHYLHEXYL)PHTHAtATE 
BUIYLBENZYLPH?HALATE 
U-FIGMUM 

DI-N-BUTYLPHDIAIATE 
FLUORA~CTHENE 
LITHIUM 

TOUJENE 
URANIUM 

SOIL 
CONCENTRATION 

(WW 

3.76E-01 
3.54E-01 
4.01 E-01 
3.57E-01 
3.12E-01 
1.70E+02 
4.30E.01 
2.31 E-01 
3.36E-01 
3.55E+02 

SCIL 
CONCENTRATION 

Owkg) 

2.57E-01 
3.1 BE-01 
3.12E-01 
1.50E-01 
1.70E+02 
6.16E+Ol 
1.80&01 
6.30E-01 
3.55E+02 
6.71 E-01 
3.62E-03 
526E+Ol 

ORAL 
SLOPE FACTOR INTAKE 

(mg/kg/d)-1 

7.30E+OO 
7.30E+OO 
7.30E+OO 
7.30E+OO 
1.40E-02 

N) 
7.30E+OO 
7.30E+OO 
7.30E+OO 

ta 

ORAL 
Fm 

@WkW 

3.00E-01 
NJ 

2.00E.02 
2.00E-01 
5.00E-03 
4.00E-02 
1 .OOE-01 
4.OOE-02 
2.00E-02 
3.00E-02 
2.00E-01 
3.00E-03 

Owkg-d) 

3.66E-09 
3.63E-09 
4.12E-09 
3.66E-09 
3.2OE-00 
1.75E-06 
4.41 E-09 
2.37E-09 
3.45E-09 
3.64E-06 

TOTAL CANCER RISK = 

INTAKE 

Uwkg-d) 

2.05E-06 
2.21 E-06 
2.49E-06 
1.20E-06 
1.36E-05 
4.92E-06 
1.44E-06 
6.63E-06 
2.63E-05 
5.36E-06 
3.05E-10 
4.20E-06 

HAZARD INDEX = 

CSxIRxCFxFIxEFxED 
Intake(mglkg-d)= -___---_-----.__---------------- 

BWxAFx AD 

cs = Mean chemical ccncenbation in surface soil (mg/kg) 
IR - Ingestion rate (100 mgld) 
FI - Fraction ingested from contaminated source (1) 
CF - Conversion factor (lo-6 kg/mg) 
EF - Exposure frequency (20.4 d/yr) 
ED = Exposure duration (9 yr) 
BW = Body weight (70 kg) 
AF - Averaging frequency (365 diyr): and 
AD = Averaging duration, yr (equal to ED for noncarcinogens 
and 70 years for carcinwens) 

E-5 

2.62E-06 
2.65E-06 
3.01 E-06 
2.66E-06 
4.46E-11 

NJ 
3,22E-06 
1.73E-06 
2.52E-06 

Nl 

I .66E-07 

HAZARD 
QUOTIENT 

6.64E-06 
fa 

1.25E-06 
5.09E-06 
2.71 E-03 
1.23E-04 
1.44E-07 
1.66E-06 
1.42E-03 
1.79E-06 
1.53E-09 
1.40E-03 

5.66E-03 



TABLE E-5 
RISK FROM lNH4l.ATlON OF SOIL PARTICULATES AT MISS 
RECEPTOR: CURRENT AND FUTLIRE Eh4’UIYEE 
L!SlNG RME V&J@ 

CONTAMINANTS OF CONCERN 

cARclNoGEN5 

BENZqAfiNMRACENE 
BENZO(A)PYRENE 
BENZ0(B)FLOURANRiENE 
BENZO(K)FLOWIANMENE 
BIS(2-ETHYLHEXYL)PHTHlA~ 
CHXXlUM 

DIBEN~~(A.H)ANTHRAcENE 
INDEN0(1,2,3CD)PYRENE 
LITHIUM 

t-D+CARCINOGENS 

ANTHRACENE 
BENZO(G.H,I)PERYLENE 
BlS(2-ETHYLHEXYL)PmHALAE 
BUI-YLBENZYLPHTHALATE 
miJtb4 
ca?=a3 
DI-N-BUMPHTHAIATE 
FLlJ0mENE 
LITHIUM 

TOLUENE 
UFl4NIUM 

Am 
C0NCENIRATlON 

(m9lm3) 

2.35E-06 
2.22E-06 
2.50E-06 
2.30E-08 
2.28E-06 
3.30E.05 
2.56E.06 
B.OOE-OQ 
1.57E-06 
3.04E-05 

AH 
CONCENFlATK)N 

(m9h3) 

1.42E-08 
1.26E-06 
2.26E-06 
3.00E-09 
3.30E-05 
3.79E-06 
1.29E-07 
6.1 BE-06 
3.04E-05 
4.62E-06 
1.35E-10 
1.62E-06 

Intake(mg/kg-d)- 

INHALATION 
SLOPE FACTOR 

(ma/kg/d)- 1 

N) 
t-0 
rQ 
m 
NY 

4.10E+Ol 
m 
ta 
m 
N3 

INHALATION 
RID 

NJ 
tcl 
M 
NJ 
N) 
NJ 
M 
m 
M 
M 
NJ 
m 

CAXIRXETXEF~ED 
_____________._________________ 

BWxAFx AD 

INTAKE 
Owk9-d) 

2.70E-10 
2.54E-10 
2.67E-10 
2.63E-10 
2.61 E-10 
3.76E-07 
2.96E-10 
3.44E-11 
1.60E-10 
3.49E-07 

TOTAL CANCER RISK E 

INTAKE 
bwkg-d) 

4.55E-10 
4.05E-10 
7.31 E-l 0 
9.63E-11 
1.06E-06 
1.22E-07 
4.14E-09 
1.99E-09 
9.76E-07 
1.55E-09 
4.33E-12 
5.64E-06 

HAZARD INDEX I 

CA I UL95 chemical concentration in soil (mg/m3) 
IR - Inhalation rate (1.675 m3/hr) 
EF - Exposure frequency (250 d/yr) 
ED - Exposure duration (25 yr) 
ET - Exposure time (1.75 hr/d) 
BW - Body weight (70 kg) 
AF - Averaging frequency (365tiyr); and 
AD - Averaging duration, yr (equal to ED for noncarcinogens 
and 70 years for carcinogens ) 

E-6 

FSK 

ta 
NY 
NJ 
m 
Nl 

1.55E-05 
tQ 
Ia 
No 
NJ 

1.55E-05 

l-!AiXRD 
cwnwT 

ta 
m 
tQ 
NJ 
Pa 
m 
NJ 
Nl 
ta 
ta 
m 
M 

tQ, 

a 
8 
1 
4 
1 
t 
4 
I 
4 
I 
9 
s 
I 
c 
I 
s: 
‘1: 
t 
# 



5 
II 
d 
SI 
1 
I 
I 
‘E 
11 
r 
8 
8 
!#I 
1 
a 
I 
1 
8 

TABLE E-6 
RISK FROM INHALAllON OF SOIL PARllCUlATES AT MISS 
RECEPTOR: CUFiRENTAND FLRURE EM’LDME 
USING MEAN ML4iES 

CDNTAMINANTOF CONCERN 

BENZC(A)ANTHFtACENE 
BENZD(A)PYRENE 
BENZD(B)FLGURMtHENE 
BENZqK)FLOUFtANTHENE 
BlS(2-ETHYMEXbyPHTHAtATE 
CHIOMUM 

DlBENZO(A,H)ANTHFiACENE 
INDEND(1,2,3CD)PYRENE 
LrrHlUM 

NMCAFlClNoGENS 

ANTHRACENE 
BENZO(G.H,I)PERYLENE 
BlS(2-ETHYLHEXYL)PlrrHALATE 
B’J-MBENZYLPHlH4LATE 
t2-EavluM 

DI-N-BUlYLPh-RiALATE 
FLUDRANTHENE 
UTHIUM 
PYRE& 
TOLUENE 
URANIUM 

Ml 
CDNCENTRATtCN 

(m9/m3) 

5.64E-09 
5.31 E-09 
6.02E-09 
5.36E-09 
4.66E-09 
2.55E-06 
6.45E.09 
3.47E-09 
5.04E-09 
5.32E-06 

AJFI 
CONCENlRATtON 

(m9m) 

3.86E-09 
4.77E-09 
4.66E-09 
2.25E.09 
2.55E-06 
9.24E.07 
2.70E.09 
1.25E-06 
5.32E-06 
1 .Ol E-06 
5.73E.11 
7.69E.07 

Intake(mg/kg-d)- 

INHAtATtDN 
SLOPE FACTOR 

(mg/kgld)-1 

N) 
t.D 
fQ 
NJ 
ta 

4.10E+Ol 
NJ 
tQ 
M 
NJ 

INHALATtDN 

(mgt&d) 

Nl 
m 
m 
Nl 
NY 
NJ 
Nl 
Nl 
fQ 
NJ 
fQ 
f-n 

INTAKE 
West-d) 

1.61 E-l 1 
1.70E-11 
l.Q3E-11 
1.72E-11 
1.50E-11 
6.19E-09 
2.07E-11 
l.llE-11 
1.62E-11 
1.71 E-06 

TOTAL CANCER RISK - 

INTAKE 
b-wkg-d) 

1.24E.10 
1.53E-10 
1 .SOE-10 
7.22E-11 
6.1 BE-06 
2.97E-06 
6.67E-11 
4.00E-10 
1.71 E-07 
3.23E-10 
1.84E-12 
2.53E-06 

WRD INDEX - 

CAxIRxETxEFxED 
---___----_-----__----.--------------------------------- 

BWxAFx AD 

CA I 
IR 

Mean chemical concentration in air (mglm3) 
I Inhalation rate (1.675 m3/h) 

EF - Exposure frequency (256 d&r) 
ED - Exposure duration (7 yr) 
ET - Exposure time (1.75 hr/d) 
BW - Body weight (70 kg) 
AF - Averaging frequency (365 cuyr); and 
AD - Averaging duration, yr (equal to ED for noncarcinogens 
and 70 years for carcinogens) 

ta 
tu 
ta 
N) 
N) 

3.36E-07 
tQ 
NJ 
N) 
FD 

3.36E-07 

HAZARD 
cuonw 

fQ 
ND 
m 
NJ 
KJ 
Nl 
M 
M 
Ia 
Nl 
NJ 
ND 

bn 
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TABLE E-7 
RISK FROM INHAIATTON OF SOIL PARTKXJLATES AT MlSS 
RECEPTOR: CURRENT AND FLRURETRANSIENT 
USING RME VALUES 

CDNTAMINANTOF CONCERN 

cAFluN3GENs 

BENZD(A)4NlHRACENE 
BENZO(A)PYRENE 
BENZD(B)FlDUFlAMHENE 
BENZD(K)FLDUR4NlliENE 
BlS(2-ETHYLHEXYL)PHTHAL%TE 
CI-R3MUM 

DlBEN.ZO(A.H)AM’HRACENE 
INDEND(1,2.3-CD)PYRENE 
UTHIUM 

ANTHFLACENE 
BENZCfG,H,I)PERYLENE 
BIS(LETHYLHEXYL)PHTHALATE 
BUTYlBENZYLPHTHAtATE 
CtRoMUM 

DI-N-BUMPHTHALATE 
FLUDRAMHENE 
LiTHlUM 

AIR 
CONCENlRAllON 

(m9lm3) 

2.35E-06 
2.22E-08 
2.50E-06 
2.30E-06 
2.28E-08 
3.30E-05 
2.58E-06 
3.00E-09 
1.57E-08 
3.04E-.05 

(m9lm3) 
1.42E-08 
1.26E-06 
2.2BE-08 
3.00E-09 
3.30E-05 
3.79E-06 
1.2BE-07 
6.1BE-08 
3.04E-05 
4.82E-06 
1.35E-10 
1.62E-06 

INHALATION 
SiCPE FACTOFI 

(mg/kg/d)-1 

ta 
tQ 
ta 
M 
NJ 

4.10EtOl 
ta 
rcl 
ta 
M 

INHAtATtCIN 

(mg?g/d) 

NJ 
t-0 
rQ 
t-0 
ED 
ta 
NJ 
m 
hcl 
M 

Ii 

INTAKE 
mxvke-d) 

l.B3E-10 
1.62E-10 
2.06E-10 
1 &BE-i 0 
1.87E-10 
2.71 E-07 
2.12E-10 
2.47E-11 
1.29E-IO 
2.50E-07 

TOTAL CANCER RISK - 

INTAKE 
O-WWd) 

2.72E-10 
2.42E-10 
4.37E-10 
5.75E-11 
6.33E-07 
7.27E-08 
2.47E-09 
l.lBE-09 
5.83E-07 
9.24E-10 
2.59E.12 
3.49E-06 

HAZARD INDEX - 

CAxIRxETxEFxED 
Intake(mg/kg-d)- ----------------- -_--________________-----------. 

BWxAFx AD 

CA I Ut25 chemical concentration In air (mg/m3) 
IR - Inhalation rate (1 .O m3A1) 
EF - Exposure frequency (360 d&r) 
ED - Exposure duration (30 yr) 
ET - Exposure time (1.4 hr/d) 
BW - Body weight (70 kg) 
AF - Averaging hequency (365cVyr); and 
AD - Averaging duration, yr (equal to ED ior noncarcinogens 
and 70 years for carcinogens ) 

Psx 

NJ 
NJ 
NJ 
NJ 
NJ 

l.llE-05 
m 
ta 
ICI 
hD 

1 .l 1 E-05 

HAZARD 
am-m-r 

NJ 
m 
Nl 
NJ 
N) 
ta 
NY 
M 
NJ 
m 
Ei 

ND 

t 
1 
@I 
1 
4’ 
4 
1 
9 
a 
4 
1 .7 Y 
4 
a 
L 
8 
a 
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TABLE E-8 
RISK FROM INHALATION OF SOIL PARTICULARS AT MISS 
RECEPTOR: CURRENT AND FUlLIRE TRANStENT 
lJS!Nr, EJSQ wLuEs 

CONTAMlNANT OF CONCERN 

CARUNOGENS 

BENZO(AY\NTHRACENE 
BENZCfAjPYRENE 
BENZO(B)FLOURANTHENE 
BENZO(K)FLOURAMHENE 
BlS(2-EwMHE%YL)PHMAMT!E 

i!-EzE 
DtSENZO(A,H)ANTHFiACENE 
INDENO(1 BXD)PYRENE 
LtTHlUM 

ttoN4wcINcGENs 

ANTHRACME 
BENZCfG,&I)PERYLENE 
Bls(2-~LHExYL)PHTHALATE 
BUTYLBEN7XPHTHALATE 
u+tmvluM 
ccwm 
DI-N-BUfYLPHTHAlAlE 
FLUDMNIHENE 
LITHIUM 

TcwENE 
URANIUM 

AIR 
CONCENTRATION 

mm-W 

6.64E-09 
5.31 E-09 
&02E-09 
5.36E-09 
4.66E-09 
2.55E-06 
6.45E-09 
3.47E-09 
5.04E-09 
5.32E-06 

AR 
mcENTRAlwN 

vkm-4 

3.66E-09 
4.77E-09 
4.66E-09 
2.25&09 
2.55E.06 
%24E-07 
2.70E-09 
1.25E-06 
5.32E-06 
1.01 E-06 
5.73E-11 
7.69E-07 

Intake(mglkg-d)- 

INHALATION 
SLOPE FACTOR INTAKE 

(mglkg/d)-1 

Ia 
NJ 
Nl 
NJ 
M 

4.iOE+Ol 
NY 
la 
NJ 
m 

INHALATION 

(mg?g,d) 

NJ 
N) 
ta 
la 
NJ 
ta 
IQ 
NJ 
tcl 
ND 
ta 
M 

CAXIRXETXEFXED 

BWXAFX AD 

Owkg-d) 
1.39E-12 
1.31E-12 
1.46E-12 
1.32E-12 
1 .15&i 2 
6.29E.10 
1.59E-12 
6.54E-13 
1.24E-12 
1.31 E-09 

TOTAL CANCER RISK - 

INTAKE 
uwks4 

7.39E-12 
9.15E-12 
6.96E.12 
4.32E-12 
4.69E-09 
1.77E-09 
5.16E-12 
2,39E-11 
l.O2E-06 
1.94E-11 
l.lOE-13 
1.51 E-09 

HAZARD INDEX - 

CA - Mean Cham’bal Concentration in air (mg/m3) 
IR - Inhalation rate (1 .O m3/h) 
EF - Exposure Frequency (360 d/yr) 
ED I Exposure Duration (9 yr) 
ET - Exposure time (0.14 hrs/d) 
BW - Body Weight (70 kg) 
AF - Averaging frequency (365d/yr); and 
AD - Averaging duration, yr (equal to ED lor noncarcinogens 
and 70 years for cardnogens ) 

Rt% 

tQ 
M 
m 
m 
N) 

2.56E-08 
ND 
N) 
m 
m 

2.56E-08 

HAZARD 
wonENT 

MY 
IQ 
ICI 
ta 
Nl 
ta 
ND 
M 
rKl 
19 
M 
ta 

NJ 
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TABLE E-9 
RISK FROM SOIL INGESTION AT STEPAN 
RECEPTOR : CURRENT AND FUTURE EMPLOYEE 
USING RME VALUES 

CONTAMINANTS OF CONCERN 

CARCINOGENS 

ARSENIC 
BENfO(A)ANTHFtACENE 
BENZO(A)PYRENE 
BENZO(B)FLOUFtANTHENE 
INDENO(1,2,3CD)PYRENE 

SOIL ORAL 
CONCENTRATION SLOPE FACTOR IFSTAKE 

mww o.w%m-1 mvW-d) 

2.53Ei.91 1.75E+OO 4.42E-96 
3.23E+OO 7.30E+OO 5.65E-07 
3.63E+W 7.30E+OO 6.69E-07 
3.368+09 7.30E+OO 5.90E-07 
2.73E+W 7.30E+OO 4.76E-97 

TOTAL CANCER RlSK - 

NONCARCINOGENS mww 

ANTHFtACENE 
ARSENIC 
BENZO(G.H,l)PERYLENE 
DI-N-BLJTYLPHTHALATE 
FLUORENE 
URANIUM 

Z.SOE+OO 
2.536+01 
2.66E+OO 
2.93E+OO 
2.06E+OO 
l.llE+Ol 

SOIL ORAL 
CONCENTRATION RID INTAKE 

Inlake(mgR*d)- 

7.74E.06 
4.12E-06 
4.66E-05 
4.31E.06 
3.46E-06 

2.45E-05 

HAZARD 
QUOTIENT 

Ow’W4 

3.00E-01 
3.00E-04 

ND 
l.OOE-01 
4.00E-02 
3.00E-03 

OwvWd) 

1.42E-05 4.73E-06 
1.24E-05 4.13E-02 
1.31E-06 ND 
1.43E-06 1.43E-05 
l.O2E-06 2.54E-05 
541E-06 1 .EOE-03 

HAZARD INDEX - 4.31 E-02 

CSxlRxFlxCFxEFxED 
----_-_--__--__-__- 

BWnAFx AD 

CS = UL95 chemical conc.?nlration in surface soil (mgkg) 
IR - Ingestion rata (50 mgId) 
FI = Fraction ingested from contaminated source (1) 
CF = Conversion factor (lo-6 kg/mg) 
EF = Exposure frequency (250 dlyr) 
ED = Exposure duration (25 yr) 
BW - Body weight (70 kg) 
AF = Averaging hequency (365 dlyr); ard 
AD = Averaging duration, yr (equal to ED for noncarcinogens 
and 70 years for carcinogens ) 

a 
s 
1 

-. 
4 
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1 
1 
1 
1 
1 
1 
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1 
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TABLE E-10 
RISK FROM SOIL INGESTION AT STEPAN 
RECEPTOR: CURRENT AND FUTURE EMPLOYEE 
USING MEAN VALUES 

CONTAMINANTS OF CONCERN 

CARCINOGENS 

ARSENIC 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLOUFiANTHENE 
INDENO(i.P,B-CD)PYAENE 

SOIL 
CONCENTRATION 

bWMl) 

124E+Ol 
3.23E+OO 
3.63EtOO 
3.36E+OO 
2.40E+OO 

NONCARCINOGENS 

SOIL 
CONCENTRATION 

mvw 
INTAKE 

ow44-d) 

ANTHRACENE 2.1OEtOO 3.00E-01 6.16E-07 2.05E.06 
ARSENIC 124E+Oi 3.OOE-04 3.64E-06 1.21 E-02 
BENZO(G,H,I)PERYLENE 2.66E+QO NO 7.87E-07 ND 
DI-N-BUTYLF’HTHALATE 2.93E+OO 1 .OOE-01 MOE-07 6.60h06 
FLUORENE 1.30Etoo 4.00E-02 3.62E-07 9.54E-06 
URANIUM 1.05E+Ol 3.OOE-03 3.07E-06 l.O2E-03 

3 
c 9z-oo)rvo1~93 
r 

ORAL 
SLOPE FACTOR IMAKE 

OWW*1 b-ww-a 

1.75E+OO 3.64E-07 
7.3OE+OO 9.46E-08 
7.3OE+OO 1.12E-07 
7.30E+JO 9.92E-08 
7.30E+OO 7.05E-06 

TOTAL CANCER RISK * 

HAZARD INDEX I 1.32E-02 

CSxlRxFlxCFrEFxED 
Inlake(mg4@)- ----- 

BWxAFx AD 

cs- Mean chemical concenlralion in surface soil (m@g) 
IR - lngeslion rate (30 ma/d) 
FI I Fraction ingested from contaminated source (1) 
CF - Conversion fadof (lo-6 ke/ms) 
EF - Exposure lrequency (250 dlyr) 
ED - Exposure duration (7 yr) 
BW - Body weigh1 (70 kg) 
AF - Averaging hequency (365 dt’yr); and 
AD I Averaging duration, yr (equal to ED for noncardnogem 
and 70 years for carcinogens ) 

E-11 

6.37E-07 
6.92E-07 
6.21 E-07 
724E-07 
5.14E-07 

3.39P06 

HAZARD 
QUOTIENT 



TABLE E-l 1 
RISK FROM SOIL INGESTION AT STEPAN 
RECEPTOR: CURRENT AND FUTURE TRANSIENT 
USING RME VALUES 

CONTAMINANTS OF CONCERN 

CARCINOGENS 

SOIL 
CONCENTRATION 

PWQ) 

ARSENIC 2.53E+Ol 
BENZO(A)AMHFLACENE 3.23E+OO 
BENZO(A)PYRENE 7.32EtOO 
BENZO(B)FLOURANTlfENE 6.24EtOO 
INDENO(1.2,3-CD)PYRENE 2,73E+OO 

ANTHRACENE 
ARSENIC 
EENZO(G,H,l)PERYLENE 
DI-N-BLRYLPHTRALATE 
FLUORENE 
URANIUM 

SOIL 
CONCENTRATION 

mww 

2.90E+OO 
2.63E+Ol 
4.60E+OO 
S.lBE+OO 
2.06E+OO 
l.ilEtOl 

Infaka(mg@d)- 

ORAL 
SLOPE FACTOR 

@Klw6)-1 

1.75E+OO 
7.30E+OO 
73OE+OO 
7.3OE+OO 
7.3OE+OO 

INTAKE 
bwW-d) 

1.738-06 
221E-07 
5.01E-07 
427E-07 
1.671-07 

TOTAL CANCER RISK . 

ORAL 

RR) INTAKE 

RISK 

3.03E-06 
1.62h06 
3.668-06 
3.12E-06 
1.36E-06 

1.268-05 

HAZARD 
QUOTIENT 

@@W-d) 

3AOE-01 4.63B07 1.54E.06 
3.OOE-04 4.04E-06 1.35C02 

ND 7.66E-07 ND 
1 OOE-01 627E-07 6.27E-06 
4.00E-02 3.32E-07 6.298-06 
3.00E-03 1.77E-06 5.698-04 

HAZARD INDEX - 1.41 E-02 

BWxAFx AD 

CS - ULQ5 chemical concentration in surface soil (mg&g) 
IR L lngeslion rata (200 mgd) 

FI I Fraction ingested from contaminated eowce (1) 
CF - Convenion faotw (106 kg/mg) 
EF I Exposure lrequeney (20.4 Cvyr) 
ED - Exposure duration (30 yr) 
BW - Body weight (70 kg) 
AF * Averaging hequency (365 &yr); and 
AD - Averaging duration, yr (equal lo ED for noncarcinogens 
and 70 years for carcinogens) 

E-12 
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TABLE E-12 
RISK FROM SOIL INGESTION AT STEPAN 
RECEPTOR: CURRENT AND FUTURE TRANSIENT 
USING MEAN VALUES 

CONTAMINANTS OF CONCERN 

CARCINOGENS 

ARSENIC 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZ~(B)FLOURANTHENE 
INDENO(1.2,3-CD)PYRENE 

ANTHRACENE 
ARSENIC 
BENZO(G,H,~)PERYLENE 
Di-N-B~LPHTHALATE 
FLUORENE 
URANIUM 

SOIL 
CONCENTRATION 

(msncs) 

1.24E+Ol 
3.23E+OO 
7.32EtOO 
6.24E+OO 
2.4OEtOO 

SOIL 
CONCENTRATiON 

mJw 

2.10EtOO 
125EtOl 
2.66E+OO 
5.16E+OO 
1.30E+OO 
l.O5E+Ol 

ORAL 
SLOPE FACTOR INTAKE 

PXlW*1 (mgbd) 

1.75E+OO 127E-07 
7.3OE+OO 3.32E-O6 
7.30E+OO 7.51B08 
7.3OE+OO 6.41 E-MI 
7.30E+OO 2.468-08 

TOTAL CANCER RISK I 

ORAL 
RID 

bw’W4 

3.00E.01 
3.00E-04 

ND 
1 .OOE-01 
4.00E-O2 
3.00E-03 

INTAKE 
h&N) 

1.69E-07 
Q.Q4E-07 
2.148-07 
4.14h07 
l.O4E-07 
6.36C07 

HAZARD INDEX I 

CSXIRXFIXEFXED 
Iniake(mgkpd)- ----- ------- 

BWxAFxAD 

CS - Mean chemical c=snceniraiion in suriace soil (mgncg) 
IR - Ingestion rais (100 mg/d) 
FI - Fraction ingested tram conlaminaied source (1) 
CF I Conversion factor (106 kQ@i) 
EF - Exposure frequency (20.4 &yr) 
ED - Exposure duration (9 yr) 
SW - Body weight (70 kg) 
AF - Averaging frequency (365 Cyvr); and 
AD I Averaging duralion, yr (equal to ED for 
noncarcinogens and 70 years for carcinogens ) 

E-13 

RISK 

2.23E-07 
2.42E-07 
5.496-07 
4.66E-07 
1 .BOE-07 

1.66E-06 

HAZARD 
QUOTIENT 

5.59E-07 
3.31 E-03 

ND 
4.14C06 
2.59E-06 
2.79~~04 

3.60E-03 



TABLE E-13 
RISK FROM INHALATION OF SOIL PARTICLJLATES AT STEPAN 

RECEPTOR: CURRENT AND FUTURE EMPLOYEE 
USING RME VALUES 

CONTAMINANTS OF CONCERN 

CARCINOGENS 

AIR 
CONCENTRATION 

(mghn3) 

ARSENIC 7.59E-07 
BENZO(A)ANTHRACENE 9.698-96 
BENZO(A)PYRENE 1.15EQ7 
BENZO(B)FLOURANTHENE 1 .Ol E-07 
INDENO(1.2,3-CD)PYRENE 6.16E-05 

NONCARCINOGENS 

ANTHRACENE 
ARSENIC 
BENZO(G,H,I)PERYLENE 
DI-N-BUTYLPHTHALATE 
FLUORENE 
URANIUM 

AIR 
CONCENTRATION 

(mgrm3) 

6.70E-05 
7.59807 
6.WE-06 
8.60E-06 
6.23E-06 
3.32E-07 

INHALATION 

bw&W 
INTAKE 

(msbd) 
RISK 

50 8.70E-09 4.35E.07 
ND l.ilE-08 ND 
ND 1.32E-09 ND 
ND l.l6E-09 ND 
ND 9.36B10 ND 

TOTAL CANCER RISK = 4.35E-07 

INHALATION 

(mi-tW 

ND 
ND 
ND 
ND 
ND 
ND 

INTAKE 
OWN3-4 

2.79E-09 
2.44E-06 
2.5EE-09 
2.63E-09 
P.OOE-09 
l.O7E-08 

HAZARD INDEX = 

HAZARD 
QUOTIENT 

(CAxIRxETxEFxED) 
Inlake(mglcg-d)= ---_--------_ 

(BW x AF x AD) 

CA = UL95 chemical mncenlralion in air (mg1m3) 
IR - Inhalation r-ale (1.675 m3/hr) 
EF = Exposure frequency (250 d&r) 
ET - Exposure lime (1.75 hr/d) 
ED - Exposure duralion (25 yr) 
BW - Body weigh1 (70 kg) 
AF - Averaging frequency (365 d&r); and 
AD - Averaging duralion, yr (equal lo ED years for noncarcinogens 
and 70 years far carcinogens ) 

ND 
ND 
ND 
ND 
ND 
ND 

a 
c 
1 
1 
t 
,s 
1 
I 
1 
I 
1 
1 
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TABLE E-14 
RISK FROM INHALATiON OF SOIL PAPJlCULATES AT STEPAN 
RECEPTCRCURRErff AND FLJTUFiE EM’LGYEE 
USING MEAN VALUES 

CONTAMINANTS OF CONCERN 

CARUNOGENS 

ARSENIC 
BENZC(A)ANTHRACENE 
BENZqA)PYRENE 
BENZC(B)FLOURANTHENE 
INDENC(1,2,lCD)PYRENE 

NCNCARCINCGENS 

ANTHRACENE 
ARSENIC 
B.ENZC(G,~I)PERYLENE 
DI-N-BUTYLPHTHALATE 
FLUCRENE 
UwNlUM 

AIR 
coNcENlR4TloN 

hVm3) 

1.87E07 
4.85&08 
l.lOE-07 
9.36E-08 
3.60E-08 

AIR 
CONCENTRAllON 

(m9/mW 

3.15E08 
1.87E-07 
6.90E-08 
7.77E-08 
1.95E08 
1.57E07 

INHALATtON 
SLOPE FACTCR INTAKE 

(me/kg/d)-1 

50 
ND 
ND 
ND 
ND 

INHALATtON 
RID 

(meMW 

ND 
ND 
ND 
ND 
ND 
ND 

6.00E-10 
1.56E-10 
3.536-10 
3.01 E-10 
l.l6E-10 

TOTAL CANCER RISK - 

INTAKE 
PrWke-d) 

1 .Oi E-09 
600E-09 
2.22E-09 
2.49E-09 
6.26E-10 
5.04E-09 

HAZARD INDEX I 

(CAXIR~ETXEFXED) 
Intake (mg/kg-d) I ____.___________---___________ 

(BW x AF x AD) 

CA - Mean chemical ccncenBation in air (mg/m3) 
IR - Inhalation rate (1.875 m3rhr) 
ET - Exposure time (1.75 hr/d) 
EF - Exposure trequency (250 d&r) 
ED - Exposure duration (7 yr) 
BW = Body weight (70 kg) 
AF - Averaging frequency (365 d/yr); and 
AD - Averaging duration, yr (equal to ED for 
noncarcinogens and 70 for carcinogens) 

RISK 

2.998E-08 
m 
ED 
Nl 
ND 

3.00E-08 

E-15 



TABLE E-l 5 
RISK FROM INHALAllON OF SOIL PARTtCUtATES ATSTEPAN 
RECEPTOR: CURRENT AND FUTLJRETRANSIENT 
USlffi RM VALUES 

CONTAMINANTS OF CONCERN 

ARSENIC 
BEN.ZG(A)ANTHRACENE 
BENZG(A)PYRENE 
BENZG(B)FU)URANTHENE 
INDENC(1.2.3CD)PYRENE 

NCNCARCtNCGENS 

ANTHFIACENE 
ARSENIC 
BENZO(G,H,I)PERYLENE 
DI-N-BUlYLPHTHALATE 
FLu3FIovE 
URANIUM 

AIR 
WNCENTRATtON 

(m9lm3) 

7.59E-07 
969E-09 
1.1E.E.07 
1 .Ol E-07 
918E-06 

AIR 
c.!oNcENTRAnoN 

(m9lm3) 

570E-06 
7.59E-07 
6.03E.09 
5BOE-08 
6.23E-09 
3.32E-07 

INHALATtON 
SLOPE FACTOR 

(mglkgld)-1 

50 
ND 
ND 
ND 
ND 

tNHALATtON 

(mg?gId) 

ND 
ND 
ND 
ND 
ND 
ND 

INTAKE 
bMwJ) 

6.24E-09 
7.96E-10 
9.45E.10 
&30E-10 
6.72E-10 

TOTAL CANCER RISK - 

INTAKE 
OWW) 

1.67E-09 
1.46E-09 
1.54E-09 
1.69E-09 
1 .19E-09 
6.37E-09 

HAZARD INDEX - 

(CAxIRxETxEFxED) 
tntake(mglkg-d)- ________________-------.---.--. 

(BW x AF x AD) 

CA - UL95 chemical ccnmntration in air (mg/ml) 
IR . Inhalation rate (1 .O m3/hr) 
ET - Exposure time (1.4 hr/d) 
EF - Exposure trequency (350 d/yr) 
ED - Exposure duralion (30 yr) 

BW - Body weight (70 kg) 
AF - Averaging frequency (365 d/yr); and 
AD - Averaging duration, yr (equal to ED years for 

noncercinogens and 70 years far carcinogens) 

E-16 

PEX 

3.119E-07 
N) 
NJ 
NJ 
N) 

3.12E-07 

HAZARD 
GlJClTtENT 

M 
tQ 
Ml 
N) 
tQ 
NJ 

ta 

I 
8 
8 
Y 
1 
4 
d 
I 
3 
I 
1 
m 
8 
I 
I 
,l 
d 
$1 
1 



1 
1 
I 
1 
3 
1 
‘I 
I 

TABLE E-16 
RISK FROM INHAlXtlON OF SOIL PARTiCULATES AT STEPAN 
RECEPTOR : CURRENT AND FUTURE TRANSIENT 
USING MEAN VALUES 

CGMAMINANTS OF CONCERN 

ARSENIC 
BENZO(A)ANTHRACENE 
BENZG(A)PYRENE 
BENZG(B)FLIXJFtANTHENE 
INDENC(1,2,3CD)PYFtENE 

NONCARCINOGENS 

ANTHRACENE 
NiSENlC 
BENZO(G,HI)PERYLENE 
DI-N-BUMPHTHALATE 
FUXPENE 
URANIUM 

AIR 
coNcENTRAnoN 

(mg/m3) 

1.07E-07 
4.85E-08 
l.lOE-07 
9.36E-06 
3.60E-06 

AIR 
CGNCENTRATlCN 

OWm3) 

3.15E-06 
1.67E-07 
6.90E-06 
7.77E-06 
1.95E-06 
1.57E-07 

Intake(mglkgld)- 

INHALAllCN 
SLOPE FACTGR 

(me/kg/d)-1 

50 
ND 
ND 
ND 
ND 

INHALA‘DCN 

d&d) 

ND 
ND 
ND 
ND 
ND 
ND 

(CAxIRxETxEFxED) 

INTAKE 
(mcvkci-d) 

4.60E11 
l.l9E-11 
2.71 E-l 1 
2.31 E-l 1 
6.66E-12 

TOTAL CANCER RISK - 

(BW x AF x AD) 

CA - Mean chemical ccncentralion in air (mg/m3) 
IR - Inhalation rate (1 .O m-r) 
ET - Exposure time (0.14 hr/d) 
EF - Exposure trequency (350 d/yr) 
ED - Exposure duration (9 yr) 
BW - Body weight (70 kg) 
AF - Averaging trequency (365 d/yr); and 
AD - Averaging duration, yr (equal tc ED years tor 
ncncarcinogens and 70 years for carcinogens) 

INTAKE 
(mglkgl-d) 

6.04E.11 
3.56E-10 
1.32E-10 
1.49E.10 
3.74E-11 
3.01E-10 

HAZARD INDEX - 

WSK 

2.30s09 
NJ 
M 
m 
ICI 

2.30E-09 

HAZARD 
QuonENT 

NJ 
ta 
N3 
N) 
NJ 
m 

N3 

I 92-cawo1259) E-17 



TABLE E-l 7 
RWFFtOMALLLWLtMGROLMWATEA NGEBTDNATMt6S 
RxEPTm FLITWE EwioEE 
l!Sffi RWE VALUES 

l . lD~oROEREM 
m?aFz 

Blso!=tw 
BW2 
-WI) 
h+zmvEEa.Lm 
MXEL 
LtTwM 
REW 
TEIRAac- 

VWYL-DE 

1,1.1-TRwoRorm4NE 
l. l-DK%LOR~E 
l& DKXILGROETKNE 
ALWNkM 
PRSIC 
BPRtA4 

Bt9(ZETHVUiEXYL)FMH4LATE 
m3.34 
UIRBONtlm 
~ww 
CCAW 
LrnwM 

haHaErscK(xIDf 
NCWL 
Fl%a 
mENu4 

TOLCEN 

GAOUSWATW 
coNcusIRAMN 

b-W) 

mAI. 
BLoFEFAcToR 

(mg/kp/d)-1 

7.338-03 6.00E-01 
4.64E-01 1.75bW 
Z.OOE-03 4.3OE+W 
6.67E-03 l. lOE+W 
2.10192 1.4OE-02 
1.34E+oO ul 
S.tiOE-02 7.50E-03 
2.30E-01 ut 
5.21E+OO M 
3.OOE-01 Nl 
3.63E-01 5.208.02 
5.5OE-02 1 .l OE-02 
1.90E-01 1.90E.bOO 

G%UQWAlER 
ccxENTmm 

IWU 

1.90E-02 
7.33E-03 
3.60E-01 
5.51E+Ol 
4.64E-01 
3.64E-01 
2.29E-03 
2.10E-02 
7.68E.01 
7.WE-03 
1,34E+OO 
4.2OE.01 
5.21E+OO 
5.15E+OO 
9.5OE.02 
2.341-01 
3.OOE-01 
6.341-03 
3.631-01 
5.79E.03 
5.508-02 
4.20E-02 
1.9OE-01 

. 

NTAKE w( 
WrUkn-dJ 

ORAL 
Fm 

fwWd) 

9.OOE-02 
9.OOEQ3 
2.00E-02 
l .WE+W 
3.00E-04 
7.00E-02 
5.0OE-03 
2.00E-02 
B.OOE-02 
1 .OOE-Ol 
5.00E-03 
4.WE.02 
2.00E.02 
5.00E-33 
6.OOE-02 
2.OOE-02 
6.OOE-01 
5.00E-03 
1 .OOE-OZ 
2.00E-01 
6.OOE-03 
7.00E.03 

NJ 

(CWkRXEFXED) 
Intaks(m9!lt9-d)- ----- 

(BWXAFXAD) 

2.561-05 
1.628-03 
6.99E-OB 
2.33E-05 
7.341-05 
4.69E-03 
3.32E-04 
6.WE-04 
1.62142 
l.O5E-03 
1.271-03 
l.Q2E-04 
6&E-04 

TOTAcCANXRRtSK. 

INTAKE 
WwWd) 

1.76k04 
7.17E.05 
3.52E-03 
539E-01 
4.64E.03 
2.09E-03 
2.24E-05 
2.05E-04 
7.51 E-03 
6.95E-05 
1.31 E-02 
4.11 E-03 
5.10E-02 
5.04E-02 
9.3OE-04 
2.29E-03 
2.94E-03 
6.20E-05 
3.55E-03 
5.66E-05 
5.361-04 
4.11 E-04 
1.96E.03 

W\UW)NDEXL 

1.548-05 
2.648-03 
3.01 E-05 
2.56195 
l.O3E-06 

m  
2.4BE.09 

tat 
M  
Nl 

6.6OE-05 
2.11 E-06 
1.26E-03 

4.24E-03 

- 
OlmENT 

1 SE-03 
7.978-03 
1.76E-01 
5.396.01 
l.SlE+Ol 
4.25E-02 
4.49E-03 
l.O3E-02 
6.35E-02 
6.65E-04 
2.628+00 
1.03E-01 
2.55EiOO 
1.01E+O1 
1.558-02 
l.l4E-01 
4.69E-03 
1.248-02 
3.558-01 
2.638-04 
9.97E.02 
5.678-02 

M  

3.20&01 

cw. lJlJ5 chemia conctmtr6lion In ptwndwater (mpn) 
Ft = Water ln2estbn rata (1.0 t/d) 
EF = tiposura heqttency (250 d&t) 
ED = Exposure duration (25 yr) 
BW - Body weipht (70 kg) 
AF - Averagln~ frcquerq (365 d!yr); imd 
AD - Averagtr~ duratton. yr (equti to ED kx vacarcinogans and 70 
years to1 ca.fclnogens) 

II 
I 
Q  

9 
a 
1 
I 

I 
1 
3 
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a 
TABLE E-17A 
Rt9KFFtOMAU~UMGRWMWATERffiE6Tk,NATMlSS 
R%EPT~ FUNFLE REBDENT (ADaT) 
ltSffi FIME VALLEB 

id 
‘II 
a 

l,l.l-TRIcHLOROEtMNE 
1.1-DCtLCfloEREM 
1P DKJiLOROEtXNE 
PLLMNIJA 
- 
Bm.24 
BLFWLUA 

~DLWCFDE 
QPFW 

zzzL.E 
~cKmDE 
NaQL 
F+Era. 
ELENA 
mRAcKoR3mRzBE. 
%ElLlmB 
VbNADlUM 
vNnc4iLORlDE 

GRxN)wATER 
czNxNmAm 

WWI 

7.33EQS 
4.ME-03 
P.OOEQS 
6.67E-05 
2.10E-04 
1.34E-02 
9.50E-0) 
2.30943 
5.2lE.02 
3.00E-03 
3.631-03 
6.50E-04 
1 .SOE.O3 

G%XNMATER 
a2tcamAm 

bwtl 

1 .BOE-cu 
7.33E-05 
3.60E-03 
5.51E-01 
4.64843 
3.041-03 
2.29EQS 
2.10E-04 
7.6BE-03 
7.00E-05 
1.34E-02 
4.20E-03 
5.21E-02 
5.15E-02 
9.50E-04 
2.34893 
3.OOE-03 
6.34EQS 
3.63E-03 
5.76E-05 
5.50E-04 
4.20E-04 
1.90E-03 

ORIV. 
6KPEFpcToR 

(mg/kp/d)-1 

6.OOE-01 
1.75E+OO 
4.30E+OO 
1.lOEiO0 
1.40E-02 

N) 
7.50E-03 

Nl 
ta 
Ml 

5.201-02 
l.lOE-02 
1.9OE+OO 

S.OOE-02 
S.OOE-03 
2.OOE.02 
1 .WE+OO 
3.00E-M 
7.00E-02 
5.00E-03 
2.00E-02 
D.OOE-02 
l.OOE-01 
5.00E-03 
4.OOE.02 
2.00E.02 
5.00E-03 
6.00E-02 
2.00E-02 
6.OOE.01 
5.00E-03 
l.OOE-02 
2.00E.01 
6.00E.03 
7.00E.03 

tm 

KtWxRxEFrED) 
Intake(m~Ag-d). ----. 

(BWXAFXAD) 

MAKE 
bWU-d) 

8.61E-07 
5.45E-05 
2.35E-07 
7.93E-07 
2.47E-06 
1.57E-M 
1.12E-05 
2.70EQ5 
6.12E-04 
3.526-05 
4.26E-05 
6.46E-06 
2.23E-05 

TOTALGMCERRtSX- 

NT&NE 
tmo&W 

4.93E-06 
2.01E-06 
S.66E95 
1.51E-02 
1.278-04 
9.331-05 
6.278-07 
5,75E-06 
2.10E-04 
1.02E.06 
3.676-M 
1.15194 
1.431-03 
1.41E-03 
2.60E-05 
6.41E-05 
6.22E-05 
1.74E-06 
8.95E-05 
1.58E-06 
1.5lE-05 
l.l5E-05 
5.21E-05 

5.1 EE-07 
S.53E.05 
l.OlE-06 
&61E-07 
3.458-09 

N) 
8.37E-08 

NJ 
M 
m 

2.221-06 
7.1 OE-08 
4.24E-05 

1.43E-04 

luzAm 
cLoTENr 

5.4EE-05 
2.23E-04 
4.93E-03 
1.51E-02 
4.24E-01 
l.lBE-03 
1.25E-04 
2.99E.04 
2.34E-03 
1.92E-05 
7.34E-02 
2.886-03 
7.14E-02 
2.82E-01 
4.34E.04 
3.21 E-03 
1.37E-04 
3.47E.04 
6.95E-03 
7.92E-06 
2.51E-03 
1.64E-03 

m 

HAUW] ND!3 I 8.96E-01 

cw. 
IR 

UL99 chemtil anc6mratIwI tn groundwater (mpn) 
- Wetw inpestttn rnto (2.0 Ud) 

EF - Exposure trequsncy (350 &yr) 
ED I Erpmure duration (30 yr) 
BW = Body weight (70 k~) 
AF - AveragIng trquency (365 dly,): and 
AD - AVW@@I~ duraUon. yr (equal to ED for noncardrwgens and 70 
years for cardmgsm) 

E-18A 



TABLE E-178 
RSKFFtOMNJJNUMGROWDWATER NGEBTkNATMISS 
l3scEPTw: FLtTtRf REoMNr WLD) 
LENi RME VALE6 

l , l .DK2-LrnoERw 

EzEz.h4 

-mElHER 

"kFz.iE 
~CKORDE 
NCYEL 
Ll-lnwA 

GtlFcmmE 

VNyLaiLoRDE 

CKkNIWAlBl 
-m 

tmgll~ 

ml4. 
BLOF?ZF&TOFl 

(mplkpld)-1 

7.33E-05 6.00E-01 
4.ME-03 1.75E+W 
2.WE-O5 4.3OE+W 
6.67E-05 l. lOE+W 
2.10E-M 1.40E-02 
1.34E-02 m  
9.50E-M 7.506-03 
2.30E-03 Nt 
5.21E-02 M  
3.WE-O3 m 
3.63E-03 5.20E-02 
5.50E-04 l.lOE-02 
1.90E-03 l .BOE+W 

1.1 . I-TFtCHLOAOElHANE 
l. l -DLcKORoEMEM 
12 DK+tLOFtOEtl-ENE 
ALUMNk9A 
PRslc 
BmJ.24 

BtB(2NYLHDN4FHTMtATE 
Ecfm 
C#PXSDSU.FCE 

vwnaiLDRlDE 

1.90E-04 
7.33E-05 
3.60E-03 
5.5lE-01 
4.64E-03 
3.04E-03 
2.298-05 
2.10E-04 
7.69E93 
7.WE-05 
1.348-02 
4.208-03 
5.21E-02 
5.15E-02 
9.5OE-O4 
2.34E.03 
3.00E-03 
6.341-05 
3.63E-03 
5.76195 
5.50E-04 
4.20E-04 
1.9OE-03 

NTAKE F8( 
Ow~kwd) 

OWL 

(mg?g/d) 

B.OOE-02 
9.00893 
2.00192 
l .WE+W 
3.006-04 
7.00E-O2 
5.00E.03 
2.OOE-02 
S.OOE-02 
1 .OOE-Ol 
5.OOE-03 
4.00E-02 
P.OOE-02 
5.00E-03 
6.00E-O2 
2.00E-02 
6.00E-01 
5.OOE.03 
1 .WE-02 
2.00E-Ol 
6.00E-03 
7.00E-03 

M  

2.81 E-07 
1.786-05 
7.67E.08 
2.56E.07 
9.058-07 
5.14E-05 
3.648-06 
8.82E-06 
P.WE-04 
l.lSE-05 
1.39895 
2.11E-06 
7.28146 

TOTAL-RLSK. 

9.058-06 9.95E-05 
3.261-06 3.64E-04 
1.61 E-04 6.05E-03 
2.471-02 2.4 7E-02 
2.08E-04 6.92E.01 
1.36E-04 1.94E.03 
1 .OPE-OB 2.05E-04 
8.40E-06 4.70E.04 
3.44E-04 3.82E-03 
3.t3E-06 3.13E-05 
6.WE-04 i .20E-O1 
l.BBE-04 4.70E.03 
2.331-03 i.l7E-01 
2.30E.03 4.61E-01 
4.258-05 7.09E-04 
1 .OSE-04 5.241-03 
1 SE-04 2.24E.M 
2.948-06 5.67E-04 
1.62E.04 1.62E-02 
2.59E-06 1.29E-05 
2.468-05 4.1 OE-03 
1.698-05 2.69E-03 
9.508-05 M  

tuaRDNDEx. %.46E+W 

(CWxRxEFrED) 
Intak6(mpfltQd)- ----I 

(BWXAFXAD) 

cw. UL95 chemical concentration In grwndwater (mpn) 
IR - water lnge5110n rata (0.7 t/d) 
EF I Expcewe lrcquancy (350 dfyr) 
ED = Exposure duration (6 yr) 
BW = Body weight (15 kp) 
AF - Avwapi~ frequency (395 d&r): end 
AD I Avsm~ln~ duration. yr (equal W  ED lor Mncardnagens end 70 
years l0r cedlloper!s) 

E-18B 

1.696-07 
3.1 lE-05 
3.308-07 
2.911-07 
1.13E-06 

t&l 
2.738-09 

Nl 
ho 
NJ 

7.24E-07 
2.32E-09 
1.386-05 

4.668-05 

51 
1 
J 



TABLE E-17C (D-1060) 
FExmoMALUMUM GRCUQWATEF! ff iE.STKN AT Miss 
FIECE~OR:NTLFIERESDENI(ADUTI 
US.!0 RME VALE6 

coNTAwNlwTsoFMN3Elw 

b 
g 
1 
8 
r 
8 
I 
;_ II 
0 
‘Is! 
a 
1 
!I 
I 
1 
J 
t 
I 92.caum2m 
1 

GAOCMWATW 
mm 

0ww 

7.33E.07 
4.64E-05 
2.OOE-07 
6.67E-07 
Z.lOE-08 
1.24E-04 
6.6OE-06 
2.30E-05 
5.21 E-M 
3.WE-05 
3.63845 
6.501-06 
l.SOE.05 

-WATER 
CoNcENlRAm 

Fwll 

l . lJ-TR-oETHAM 
l. lDICKOROEREM 
1.2 DKtLOROEiNNE 
ALLMNLJM 
!+S%dC 
w?lA4 
EElmLu4 

c!Awc+JDsUFDE 
- 
w=Fm 
LrrmJM 

t. fnmEEcKoRDE 
hKxL 
Rerc 
SSIENLM 
TlrmAcw- 
XXLEN 
TR- 
VANADIUM 
vNmcHLoRlDE 

1.80E-06 
7.33E-07 
3.60E-05 
5.51 E-03 
4.641-05 
3.048-05 
2.29E-07 
2.10E-06 
7.66E-05 
7.00197 
1.34E-04 
4.20895 
6.21 E-M 
5.16E-04 
9.50E-06 
2.34695 
3.WE-65 
6.64E-07 
3.63E-05 
5.76697 
5.5OE-06 
4.2OE-06 
1 .OOE-05 

(CWXIRXEFXED) 
I~lak+lQikg-d). - 

fSWXAFXAD) 

cw. US5 ChwlllcaJ alncenlratbn In Q~O”ndW,W (mfl) 
03 = Water ~JQE&XI rate (2.0 Ud) 
EF - Expwre hequsncy (350 d/yr] 
ED - Exposure duralion (30 yr) 
EW = Body wol2hl (70 Lqj) 
AF . Aver~~lr~ treqwrq (355 dtyr): and 
AD - Avora~lnp duralbn. yr (equal Ia ED br noncanln~pens and 76 
yaars bf carclnoQPns) 

ORAL 
SB=EFAcToR 

(t”Q/kQ/d)-1 

6.OOE-01 
1.75E+oo 
4.30E+OO 
l. lOE+OO 
1.40E-02 

Nl 
7.6OE-03 

M  
m 
m 

5.20E.02 
i.lOE-02 
1 .SOE+OO 

Cal. 
Iill 

WQlkQW 

S.OOE-02 
O.WE.03 
ZWE-02 
l .OOE+OO 
3.WE-04 
7.WE.02 
6.WE-03 
2.WE-02 
O.WE-02 
l.WE-01 
5.WE-03 
4.WE-02 
2.WE-02 
5.WE-03 
6.WE-02 
2.WE-02 
6.WE.01 
5.WE-03 
l.WE-02 
2.WE-01 
b.WE-03 
7.WE-03 

m  

NrAKE 
WQ/kQ*d) 

B.BlE-09 
5.45C07 
2.35E-OS 
7.63E-OB 
2.47E.08 
1.57E.06 
1 .l ZE-07 
2.701-07 
6.1 ZE-03 
3.521-07 
4.26E-07 
6.46E-06 
2.23k07 

TOTALCAKERRLSK- 

NTAJE 
(mQ/kQ-d) 

4.93E.06 
Z.OlE-06 
9.661-07 
,.5lE-04 
1.27E.06 
6.338.07 
6.276-09 
5.75E.06 
Z.lOE-05 
l .OZE-02 
3.67E.05 
1.15E-06 
1.431-05 
1.4lE-05 
2.601-07 
6.41 E-07 
6.22E-07 
1.74E-06 
9.961-07 
1.56E.06 
1.51E-07 
1.15E-07 
5.21E.07 

W\IARDMEx. 

E-18C 

5.16E-09 
9.53E-07 
1 .Ol E-05 
6.61 E-09 
3.45E.10 

Nl 
6.37!s10 

m  
m 
m 

2.22E96 
7.10E-10 
4.24E-07 

1.431-06 

KcAm 
ouxENr 

5.46E-07 
2.238-06 
4.938-05 
1.5lE-04 
4.24E-03 
l.lOE-05 
1.25E-06 
2.681-06 
2.34E-05 
l.OZE-07 
7.34E.04 
2.66E-05 
7.14E-04 
2.62E-03 
4.34E-06 
3.21E.05 
1.37E.06 
3.47E.06 
9.958-05 
7.92E.06 
2.51E-05 
1.64E-05 

NJ 

6.96E-03 



TABLE E-170 (D-1 000’) 
FEKFRCt.4ALLlNUMORWN)WATER ffiE.?,TiONATMISS 
RECEPTCRFUTLJRERESCBiT(CH~~ 
LSffi RME VALLES 

ccNr#vmANl3oFMNcERN 

l. l-DCH.OR~ 
/wax 

EEEkniwETHER 

=YE 
kERmENaLoRoE 
taxEL 
lmwhi 
Rayx 
lEm4a-Lm 
lTiv 
vNkLctiLoRlDE 

l. l , l-TRcHLoRoE?wm 
1.1-DIcKOFioERENE 
13 DKXLCRDEI’KNE 
ALLMNtM 
tast4c 
B4Rl.M 
BEFMJJA 
BWVP 
EXXN 
CPRBONMSUFDE 
CtFaMlhl 
ax%3 
URUUM 

h93HnEEoLaRDE 
raEL 
Fl%Kx 
sFLENLh4 
TEn?Acmm 
lciL& 

VANADIUM 
vNnciLoRlDE 

-WAlEi 
attzNmATDN 

mlQ/l) 

7.338-07 
4.64E-Q5 
Z.OOE-07 
6.67E-07 
Z.lOE-MI 
1.34E.04 
9.501-05 
2.30E-03 
5.21E-04 
3.00E.05 
3.63E-05 
5.50E-06 
l.SOE-05 

GRousWAlER 
-TcN 

mJQ4 

l.QOE-09 
7.33E.07 
3.60E-05 
5.511-03 
4.64E-05 
3.04E-05 
2.298-07 
2.10E-05 
7.66E-05 
7.00E-07 
1.34E-04 
4.20E-05 
5.21E-M 
5.15E-04 
MOE-05 
2.348-05 
3.00E-05 
6.34E-07 
3.63E-05 
5.768-07 
5.501-06 
4.20E-05 
l.DOE-05 

owl. 
SCk=E FfCTm 

(f”QlkQld)-1 

6.WE-w 
1.76E+OO 
4.30E+OO 
1 . lOE+OO 
1.40E-02 

M  
7.50E-03 

M  
m 
m 

5.20842 
l.lOE.02 
1 .SOE+OO 

OWL 

(I”Q?:Q,d) 

&WE-O2 
O.OOE-03 
2.WE-02 
l .OOE+OO 
3.WE-04 
7.WE-02 
5.WE-03 
2.WE-02 
S.OOE-02 
l.WE-01 
5.WE-03 
4.00192 
2.WEQ2 
5.WE-03 
Q.WE-02 
2.WE-02 
Q.WEQl 
5.WE-W 
l.WE-QZ 
2.WE-01 
Q.WE-03 
7.WEQ3 

m 

NTM 
(mQ/kQ-'4 

2.91 E-OS 
1.79EQ7 
7.67%10 
2.56E-09 
6.05E-09 
5.14897 
3.64E-05 
6.92E.06 
2.00E-Q6 
1.15197 
1.3SE-07 
2.11E-06 
7.29E-QQ 

TOTALCANCER ALSib 

NTAJE 
WQWV4 

Q.OQE-08 
3.26E-05 
1.61E-06 
2.47E-04 
2.068-M 
1.36E-06 
1 .OZE-08 
S.40E-06 
3.44E-06 
3.13E-05 
6.00E-cs 
1 .QQE.o6 
2.33E-05 
2.30E-05 
4.26E-07 
1.05E-06 
1.34E-M 
2.64E-06 
l.QZE-06 
2.598-05 
2.46197 
1 .QQE-O7 
6.5OE-07 

(CWXRXEFXED) 
Intake(mg/kg-d)- ----- 

(BWKAFXAD) 

cw. ULS5 ehemlcal mncantra~lcfi In Qroundwater (mfl) 
IR - Waler lngcslica rate (0.7 Vd) 
EF I Exposure lr6quencj (350 dlyr) 
ED P Exposure dumflon [Q yr) 
BW P Body wolghl(l5 b) 
AF - Av~~QI~Q frqwnq (365 cUyr): end 
AD - Avorqlng duration, yr (equal IO ED Ior noncarrinqpens and 70 
years br wclnoQens) 

Er18D 

, .QOE-09 
3.llE.07 
3.3OE-09 
2.61 E-09 
1.13E.10 

Nl 
2.73E-10 

M  
M 
M 

7.24E-09 
2.328-l 0 
1.361-07 

4.66E-07 

l+zmLl 
CUXENT 

6.951-07 
3.641-06 
6.05E.05 
2.476-04 
6.92E.03 
1.941.05 
2.05E.06 
4.70895 
3.62E.05 
3.13197 
1.20Ed3 
4.701.05 
1.17E.03 
4.61 E.03 
7.098-06 
5.24E.05 
2.24E-06 
5.67E.06 
1 .QZE-M 
1.29E.07 
4.10E.05 
2.66E-05 

M  

1.46E-02 

R 
1 
I 
\a 
I 
8 
s 
I 
1 
;D 
L 
I 
I 
I 
1 
1 
3 
I 
I 



8 

I 
J 
Ii 
1 

TABLE E.16 
REX~~MALLW~M GRwNDwATER UGE~ATMLSS 
F1EcEmoR:~EMRDyEE 
USING MEAN VALUES 

PREmc 
Z?$E&EWEIHER 
BlB(z-ElHm )PHTHAlATE 
c+6xmM 
1,1o.cHLoRoETHENE 
LITHUM 
MmMENcHLoRDE 
NnEL 
FlizNa 
‘IEIRAMLcFIoERwLEN 
TIUCHLOROEMYLENE 
VEMCHLORlDE 

ALUMNIL 
ARSNE 
ELWLM 

Bw2mHYLHExVL)PHlwATE 
m4=cw 
CARFKMDWLFIDE 
aimA 
axm3 
l. l-DK+lLOROEMENE 
12. DCHLOROERlENE 
LITHUM 
ht&GPNEs 
MlHYLEMC+lL(xux 
NWEL 
Fleta 
cELENm 
TEnwaiL- 
TalEE 
l,l, l-TRtCHLORmNE 

~FG-ILCR~EMYLENE 
VANADIUM 
vrm CHLORIDE 

GXIMWATER 
-m 

(mN1 

9.24E.02 
1.52E.03 
6.63E-03 
S.QQE-03 
3.66E-01 
7.47E-03 
1.30E+OO 
1.26E-02 
7.22E-02 
Q.QQE-03 
3.66E.01 
3.93E-02 
l.O3E-01 

CSKUUNATER 
co+c%mATioN 

WWI 

1.24E+Ol 
9.24E-02 
1.77E-01 
1.52E-03 
S.QQE-03 
4.27E-01 
6.24E-03 
3.66E-01 
1.57E-01 
7.47E-03 
l.lOE-01 
1.30E+OO 
2.63E+OO 
l.ZQE-02 
7.22E-02 
Q.QQE-03 
3.71E.03 
3.86E.01 
3.04E.03 
7.70E-03 
3.93E.02 
Z.QOE-02 
l.O3E-01 

CRAL 
S.cpEFAcTQl 

(mSlkS/d)-I 

1.75E+OO 
4.30E+OO 
l.lOE+OO 
1.40E-02 

Nl 
Q.OOE-01 

m 
7.5OE.03 

m 
m 

5.20E.02 
l.lOE-02 
l.BOE+OO 

6.33E-05 
l.O4E-06 
4.66E-06 
6.77E-06 
2.52E.04 
5.12E-06 
Q.OOE-04 
6.63E-06 
4.SQE-05 
Q.OQE-06 
2.64E-04 
2.69E-05 
7.05E-05 

TOTAL CANCER RIS( 

ORAL 
m 

fmQ/kQW 

l.OOE+W 6.49E-02 
3.00E-04 6.33E.04 
7.00E.02 1.21E-03 
&ODE-03 1.04E.05 
2.00E-02 6.77E.05 
&DOE-02 2.92E-03 
l.OOE-01 5.64E-05 
5.00E-03 2.52E-03 
4.OOE-02 l.OQE-03 
S.OOE-03 5.12E.05 
2.00E-02 7.53E-04 
Z.OOE-02 8.90E.03 
5.00E-03 1 .QOE-02 
Q.OOE-02 6.63E-05 
Z.OOE-02 4.95E.04 
Q.OOE-01 Q.OQE-05 
5.00E.03 2.54E-05 
l.OOE-02 2.64E-03 
Z.OOE-01 2.06E.05 
O.OOE-02 5.27E.05 
Q.OOE-03 Z.QOE-04 
7.00E-03 7.06E-04 

M 7.05E-04 

1.1 (E-04 
4.46E-06 
5.15E-06 
9.47E-06 

m 
3.07E.06 

m 
6.47E-06 

Nl 
m 

1.37E-05 
Z.OQE-07 
1.34E.04 

- 2.72E-04 

HAZARD 
amTENT 

6.49E-02 
Z.llE+OO 
1.73E-02 
Z.OQE-03 
3.36E.03 
3.25E-02 
5.64E-04 
5.04E-01 
Z.QOE-02 
5.66E.03 
3:77E-02 
4.45E-01 
3.60E+OO 
1.44E-03 
2.47E.02 
l.OlE-04 
5.06E-03 
2.64E-01 
1.04E.04 
5.66E-04 
4.49E.02 
l.OlE-01 

NJ 

HAZARD NIX.%. 7.3lE+OO 

(CWxIRrEFxED) 
tntek’fmg/kQ-d) = --- --.- -...--- 

,sWXMXAD) 

CW P Mean ~homical CDnCenWtio,! in QrOUndwabr (,TQ”) 
IA = Water Ingestion rala (0.7 l/q 
EF I Exposure frequency (250 &yr) 
ED P Expmre duration (7 yr) 
BW = Body Weigh1 (70 kp) 
AF - AWaQinQ frequency (365 Cvyr); and 
AD - AVW‘JQinQ durelkm, yr (equal to ED lor 
noncarcinogsns and 70 yoan lor carcinogens) 

E-19 



TABLE E-IQA 
R!S FROM ALLUVUM GRUJNDWATER INGEBTW AT MLSS 
EwcM1:MuFiEREsIDENT(~~ 
USING MEAN VALUES 

PJSENZ 

ZONER 
eLs(2alwHExn)PHTHAL4TE 

l. l-DIcHLoRoEMENE 
lmiaf 
MRMENML- 

LiEi 
.lEilwxb 
TR.cl-lm 
VNYL CHLORIDE 

MLMNILM 
ARSENC 
awuM 

iEZClHEXn)PHTHALATE 
Inn4 
CARBONDlSWlCE 

CBFW 
1.1-D-ENE 
1.2. DICIUORORHENE 
LITHUM 
hwGPNEs5 
- cHLc+wE 
NCEL 
Ftfzta 

-m 
TCLLENZ 
1.1.1~TRICHLDRCEIHANE 

-cx3mmE 
VANADIUM 
VNYLCHLORiDE 

9.24E-04 
1.52E.05 
6.63E-05 
O.QQE-05 
3.66E-03 
7.47E.05 
1.30E.02 
1.268-04 
7.228-04 
Q.OQE-05 
3.968-03 
3.93E-04 
1.03E.03 

GRMMWATER 
wmENTR4TloN 

(mQ/l) 

CeAL 

(mQTQld) 

1.25E-01 l .OOE+W 
9.24E-04 3.00E-04 
1.77E.03 7.00E-02 
1.52E.05 5.00E-03 
O.QOE-05 Z.OOE-02 
4.27E-03 S.OOE-02 
6.24E.05 l.OOE-01 
3.68E-03 5.00E.03 
1.57E.03 4.WE-02 
7.47E.05 9.00E-03 
l.lOE-03 Z.OOE-02 
1.30E-02 Z.OOE-02 
2.63E-02 5.00E.03 
1.26E.04 Q.OOE-02 
7.22E-04 Z.OOE-02 
Q.BBE-05 Q.OOE-01 
3.71E.05 5.00E-03 
3.66E.03 l.WE-02 
3.04E.05 2.00E.01 
7.70E.05 S.OOE-02 
3.93E.04 Q.OOE-03 
2.60E.04 7.00E.03 
1.03E.03 m 

Intske(mp/kQ-d) = 

cful 
SJXEFACTCGI 

(mQ/kQ/d)-1 
INTAKE Rtx 

(mQ/kQ-'4 

1.75E+OO 
4.30E+OO 
l. lOE+OO 
1.40E-02 

m  

2.26E.06 
3.75E.OS 
l.QQE-07 
2.44E.07 
O.O7E-06 
l&E-07 
3.2lE-05 
3.11E-07 
1.76E-06 
Z.lQE-07 
9.52E-06 
9.69E.07 
2.54E-06 

3.99E-06 
l.QlE-07 

Q.ObE-01 
m 

7.!XE-03 
m 
m 

5.20E-02 
l.lOE-02 
1 .SOE+OO 

:CWxlRxEFxED) 

TOTAL CANCER RL9( = 

2.40E-03 
1.77E.05 
3.3OE-05 
Z.OZE-07 
1.69E.06 
Q.lOE-05 
ISSE-06 
7.06E-05 
3.01E.05 
1.43E-06 
Z.llE-05 
2.49E-04 
5.04E-04 
2.42E-06 
1.36E-05 
1.70E-06 
7.12E.07 
7.4OE.05 
5.83&07 
1.46E-06 
7.5-l&06 
5.37E-06 
1.99E.05 

CW = Mean cho,tical ccncentistion in ~roundwatsr (m#l) 
IR P Waler ingestion rate (1.4 uq 
EF = Expawre frequency (350 dtyr) 
ED = Expawo duration (9 yr) 
BW = Body Weight (70 kp) 
AF = Averaging lmqusncy (365 dlyr): and 
AD = Avoraging duration. yr (equal Lo ED for 
noncarcinopsns and 70 yeas for carcinopena) 

1.65E.07 
3.4lE-09 

m 
l.llE-07 

m  
2.33E-09 

m 
m 

4.95E-07 
l.O7E-06 
4.63E-06 

9.76E-06 

UAZARD 
aDEN? 

2.408-03 
5.SlE-02 
4.658-04 
5.638-05 
9.47E.05 
S.lOE-04 
1.56E-05 
1.41E.02 
7.53E.04 
1.59E-04 
1.05E.03 
1.25E-02 
l.OlE.01 
4.03E.05 
6.92E-04 
2.64E.06 
1.42E.04 
7.40E-03 
2.92E.06 
1.64E-05 
1.26E-03 
7.67E.04 

m  

2.03E.01 

I 
I 

8 

I 
‘II 
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TABLE E-16E 
RISKFROM ALLUVUW GRWNDWATER tVGEST0J AT M&3 
REmmFutuRE REsDENT(uiu)) 
IJSNG MEAN VALUES 

GRYNMATER 
CacENTwTKw 

CARC- bW) 

A%?ENc 
Xomn)EmER 
lw2awiExYL)PHlH~l 
aiwdm 
1.1-DKZiLORCElHENE 
IJTHUM 
METHyLENcHLcfIDE 

FiE4 
mRAcHLoRomMEK 
TRWLCROEWLENE 
VNVL CHLcfllDE 

9.24E-04 
l.SZE-05 
6.63E-05 

rE SLOB&05 
3.66E.03 
7.47E.05 
1.30E-02 
1.26E.04 
7.22E.04 
6.60E-05 
3.66E-03 

-3.93E.04 
1.03E.03 

AlUMNItM 
PEENC 
rivuJ.4 
BERYLUM 
E!&(!&ErHYLHExn)P~~TE 
m 
WB=hlDsULmr 

1.1-DE-lLCRO!3HENE 
13 DC~~LOR~ETHENE 
LITHUM 
MANGANEg 
- CHLORDE 

Eli. 

-(x#xTHyLEN 
TUWS 
l,l,l-TRiCHLCRCETH4NE 

‘IAICHL-E 
VANADIUM 
VNYL CHLORIDE 

WCUJMAlER 
CoNcEN-lRAm 

@WI 

1.24E-01 
8.24E-04 
1.77E.03 
1.52E-05 
S.6SE-05 
4.27E-03 
6.24E.05 
3.66E-03 
1.57E.03 
7.47E-05 
l.lOE-03 
1.30E-02 
2.63E-02 
1.26E.04 
7.22E-04 
6.66E-05 
3.71E-05 
3.66E-03 
3.04E-05 
7.70E.05 
3.93E-04 
2.608-04 
l.O3E-03 

CUAL 
SOPEFACTOR 

(mglkg/d)-1 

1.75E+OO 
4.30E+OO 
l.lOE+OO 
1.4OE-02 

NJ 
6.00E-01 

N) 
7SOE.03 

ta 
m 

5.20E-02 
l.lOE-02 
l.QOE+OO 

CRN. 
RID 

bwWd1 

1.00E*00 
3.00E-04 
7.00E.02 
5.00E.03 
2.00E-02 
KOOE-02 
l.OOE-01 
5.00E-03 
4.00E.02 
D.OOE-03 
Z.OOE-02 
Z.OOE-02 
5.00E-03 
6.OOE.02 
Z.OOE-02 
6.00E.01 
5.00E-03 
l.OOE-02 
Z.OOE-01 
O.OOE-02 
b.OOE-03 
7.00E.03 

NJ 

MAKE 
OWb-d) 

2.73E-06 
4.50E-06 
2.02E.07 
2.82E.07 
l.OQE.05 
Z.ZlE-07 
3.65E.05 
3.73E-07 
2.14E-06 
2.60E.07 
1.14E-05 
l.l6E-06 
3.05E-06 

TOTAL CANCER At% - 

4.26E-03 
3.1QE-05 
b.llE-05 
5.25E-07 
3.41E-06 
1.47E-04 
2.64E-06 
1.27E-04 
5.42E-05 
2.568-06 
3.80E.05 
4.49E-04 
9.06E.04 
4.35E-06 
2.4gE-05 
3.07E-06 
1.26E-06 
1.33E-04 
l.O5E-06 
2.66E-06 
1.36E-05 
8.67E-06 
3.56E.05 

4.76E-06 
1.93E.07 
2.22E-07 
4.09E.09 

M 
1.33E.07 

t-m 
2.60E-09 

M 
M 

5.94E-07 
1.26E-06 
5.79E-06 

l.l7E-05 

n4zARo 

4.26E-03 
1.06E-01 
6.73E.04 
1.05E.04 
1.71E.04 
1.64E-03 
2.64E.05 
2.54E-02 
1.35E-03 
2.67E-04 
1.90E.03 
2.24E-02 
1.62E.01 
7.25E-05 
1.25E-03 
5.llE.06 
2.56E.04 
1.33E-02 
5.25E-06 
2.85E.05 
2.26E-03 
1.36E-03 

M 

t%!ARDlNDEX. 3.65E-01 

(CWxRrEFrED) 
Inlako(mgikgd) - --_----- ----.- 

(BWrAFxAD) 

CW - Moan chemical mncentmtion in groundwatsr (mpn) 
IR - Water iwaslion rate (0.54 l/d) 
EF . Exposure hequency (350 @r) 
ED - Exposure dumb,, (6 yr) 
BW - Body Weight (15 kg) 
AF - Averaging frequency (365 *I): and 
AD . Averaging duration, yr (cquol to ED for 
noncarcinogens and 70 year8 for carcinog~na) 

E-19B 



TABLE E-16C (D@lOW) 
~05% FROM AUUWM GRCXJNDWATER WGESIKN AT M&9 
REcEPTm FUTURE REslDENT WXJLTI 
USWG MEAN VALUES 

c7ccNxiENs 
IVSENC 
EEIgSRmElHER 
MSpETHYLHEXWJPMHAUITE 

l. lDIcHLoAoERIENE 
Lmim 
MMyLENcHuxux 
NlcKa 

Elzz-!LB 
-E 
wmcHLomE 

ALUMNIIN 
AFLSBVX: 
BRRUI 

Bls(2-ErHMHUM)PmA 
KFa 
aRKNcsuLFKE 
c+FK?ALM 
en=lm 
l. lDtSUOFCElHENE 
‘1.2. DCHLCfiOEMENE 
LnHLRA 
t.4u.mNEsE 
hElm.EsaiLm 
NKXEL 
FlEKi 
sELENm 
TElFlXiLm 
TOLUEN 
‘l. l . l -TRICHLOROETHANE 

TRIcHLtFIoEnr(LENE 
VANADIUM 
VNn UiLoRlDE 

GRCXIMWATER 
-TloN 

msw 

8.24E-06 
1.52E-07 
6.63E-07 
8.66E-07 
3.66E-05 
7.47E-07 
1.30E-04 
l.26E.06 
7.22E.06 
6.60E-07 
3.66&05 
3,93E-06 
l.O3E-05 

GFOJJXVATER 
coIsmmAm 

IfwN 

1.24E-03 
0.24E-06 
1.77E-05 
1.52E.07 
B.EBE-07 
4.27E-05 
&24E-07 
3.66E-05 
1.57E-05 
7.47E.07 
l.lOE-05 
1.30E-04 
2.63E.04 
1.26E-06 
7.22E-06 
6.6OE.07 
3.7lE.07 
3.66E-05 
3.04E-07 
7.70E-07 
3.93E-06 
2.60E-06 
l.O3E-05 

emu 
SUX=EFAcTcA NTAUE Rw 

(mglkgldj-1 

1.75E+OO 
4.30E+OO 
l. lOE+OO 
1.40E-02 

H) 
B.OOE-01 

m  
7.5OE.03 

M  
tm 

5.201-02 
l.10E.02 
1.90E+OO 

uw 

(mg?g,d) 

I .OOE+W 
3.00E.04 
7.ODE.02 
5.00E-03 
Z.OOE-02 
B.OOE-02 
1 .OOE-01 
5.00E.03 
4.00E-02 
O.OOE-03 
Z.OOE-02 
Z.OOE-02 
5.00E.03 
6.OOE.02 
Z.OOE-02 
6.00E-01 
5.00E.03 
l.OOE-02 
Z.OOE-01 
B.OOE-02 
6.00E.03 
7.00E-03 

tQ 

@Wks-d) 

2.26E-06 
3.75E-10 
1.66E-08 
2.44E-OS 
9.07E.06 
IME-06 
3.2lE-07 
3.llE.09 
1.76E-00 
2.17E-08 
9.52E-06 
9.69E-09 
2.54E-06 

TOTAL CANCER RlSK - 

2.38E.05 
1.77E-07 
3.39E-07 
2.92E-09 
1.69E-06 
0.1 BE-07 
1.56E-08 
7.06E-07 
3.0lE.07 
1.43E.08 
Z.llE-07 
2.4SE.06 
5.04E-06 
2.42E-06 
1.36E-07 
1.69E-06 
7.12E-09 
7.40E-07 
5.83E-09 
1.46E.09 
7.54E-06 
5.37E.09 
l.BBE-07 

t+AZAfUlNDEX. 

(CWxIRrEFxED) 
Inlake(mglkg-dj . __.. - __..______.__ 

(BWrAFrAD] 

CW = Mean chetnbl concentration in groundwaler (mgil) 
IR - Water ingestion rate (1.4 l/d) 
EF . Exposuure trequeny (350 Cuyr) 
ED I Exposure duration (B yr) 
BW = Body Weight (70 kg) 
AF - Averaging frequency (365 dlyr): and 
AD I AversginS duration, yt (equal to ED ior 
noncardnogens and 70 yews for cardnogens) 

3.99E-06 
1.6lE-09 
1.65E-08 
3.41E.11 

M  
l.llE-09 

M  
2.33E.11 

m  
N) 

4.95E-08 
l.O7E-10 
4.63E-06 

8.76E-06 

2.36E.05 
5.9lE-04 
4.65E.06 
5.63E-07 
9.47E-07 
B.lOE-06 
l.SBE-07 
1.4lE-04 
7.53E-06 
1.58&06 
1.05E.05 
1.25E-04 
l.OlE-03 
4.03E.07 
6.92E-06 
2.6lE-06 
1.42E-06 
7.40E-05 
2.92E-06 
1.64E-07 
1.26E-05 
7.67E-06 

m  

2.03E-03 

E-NC 



TABLE E-16D (LJ@lOOO’) 
RISX FROM ALLWUM GROUNDWATER INGESTIQY AT MISS 
REEPTCR FUTURE RESDENT (CHID) 
UslNG MEAN VALUES 

ARsesc 

ZDEWIJETHER 
Sw2awLHExn)PK 
cl+KMLM 
1,1-0IcHLoRoER(EM 
UTHUM 
MRMLENcaum 
NCIEL 

=- 
-E 
MWLWORIE 

ALUMNILN 
MSENC 
E4Rm 

SwxrwfLHExYL)PHTH~TE 
mxN 
CwBCYllDsULFKE 
aixwA4 
axa 
l. l-DtC+lLOR~ENE 
12 DCHLORCEIHENE 
LmiuM 
ht‘ws!NEs . 
MERMEK c+iLa=loE 
NCKSL 
FIsta 
s3ENLM 
TElRAcHLoFloERlyLEN 
TUEN 
1,l . l .TRtCHLORCEMANE 

‘IRMLWOETHYLENE 
VANADIUM 
M CHLOFIIDE 

CSYJW#AlER c&u 
CONCUSIRATICN SLCPEFACTtX 

@WI) (mglkg/d)-1 

8.24E-06 
1.52E.07 
6.63E-07 
B.BBE-07 
3.66E.05 
7.47E-07 
1.3OE-04 
1.26E-06 
7.22E-06 
6.60E-07 
3.66E-05 
3.93E-06 
l.O3E-05 

1.75E+OO 
4.30E+OO 
l. lOE+OO 
1.40E.02 

m  
6.00E-01 

m  
7.5OE.03 

m  
m 

5.20E-02 
l.lOE-02 
1.90E+OO 

CXtMY#ATER 
-m 

(w/U 

1.24E-03 
9.24E-06 
1.77E-05 
1.52E-07 
9.66E.07 
4.27E-05 
6.24E-07 
3.66E.05 
1.57E-05 
7.47E-07 
l.lOE-05 
1.30E-04 
2.63E-04 
l.PSE-06 
7.22E.06 
B.BOE-07 
3.7lE.07 
3.66E-05 
3.04E-07 
7.70E-07 
3.93E-06 
2.60E-06 
l.O3E-07 

cR@L 

(mg?gld, 

l .OOE100 
3.00E-04 
7.00E.02 
5.00E-03 
Z.OOE-02 
B.OOE-02 
1 .OOE-01 
5.00E.03 
4.00E-02 
B.OOE-03 
Z.OOE-02 
Z.OOE-02 
5.00E-03 
b.OOE-02 
2.00E.02 
6.00E-01 
5.00E.03 
l.OOE-02 
2.00E-01 
B.OOE.02 
6.00E.03 
7.00E.03 

m  

INrAKE 
@Wb-4 

2.73E-06 
4SOE-10 
Z.OZE-08 
2.92E.09 
1 .OBE-07 
2.21E-09 
3.95E.07 
3.73E.08 
2.14E.06 
2.60E.08 
l.i4E-07 

‘l.l6E-09 
3.05E.06 

TOTAL CANCER RISKSK. 

INTAKE 
fmNw-d) 

4.26E-05 
3.19E.07 
6.11E-07 
5.25E-09 
3.4lE.06 
1.47E-06 
2.64E-06 
1.27E-06 
5.42E-07 
2.59E-06 
3.60E-07 
4.4BE-06 
9.06E-06 
4.35E.06 
2.49E-07 
3.04E-06 
1.26E.06 
1.33E-06 
l.O5E-06 
2.66E.06 
1.36E-07 
9.67E-06 
3.56E.09 

4.76E-06 
1.83E.09 
2.22E.09 
4.OBE-11 

m  
1.33E-09 

m 
2.60E-11 

m 
m 

5.94E.09 
1.26E.10 
5.79E-06 

1.17E-07 

HAZARD 

4.26E-05 
l.O6E-03 
8.73E-06 
l.O5E-06 
1.7lE-06 
1.64E-05 
2.64E-07 
2.54E-04 
1.35E-05 
2.67E-06 
l.BOE-05 
2.24E-04 
1.62E.03 
7.25E.07 
1.25E-05 
5.06E-06 
2.56E-06 
1.33E.04 
5.25E-06 
2.95E.07 
2.26E-05 
1.39E.05 

m 
HAZARD INDEX- 3.65E-03 

(CWxIRxEFxED) 
Intake(mglkpd) I ----_-_-____ --_. 

(SWrAFrAD) 

CW I Moan chfimical concmkalsn in gmundwater (mgn) 
IR - Water ingestion rate (0.54 Va) 
EF = Exposure hequency (350 dlyr) 
ED - Exposure durabn (6 yr) 
1: I Sody Weigh1 (15 kg) 

= Averaging lrequency (365 dfyr); end 
AD - Awaging durabn. yr (squal to ED for 
noncarcinogens end 70 years for carcinogens) 

E-19D 



TABLE E.19 
RI% Fm BEDFCCZ G-WATER INGEmATMSS 
R5CEPTOR FUTU% EhrROYEE 
USN3 RMZ VALES 

cKNTAtvqN4NrscF-RN 

1 .I 2.2.TETRACHLOR~ANE 
l. lDMCflCKrHZNE 
AFEERC 
- 
SIq2CwJR~)ERIER 
els(2-ETHYLHEXYL)PHrMLATE 

LmaLM 
-a-LmDE 
NN--N 
TETlwmwK 
-rRKa- 
vwm cel-mFuE 

1 .I . l -TRICHLORCEC-LANE 
l. lDk%LR~NE 
1.2. DlCnORO!ZIHENE 
AFEZMC 
BENEN! 
BIS(2ZTHYLHEXVL)P 
l?cwm 
CAFIBCNDlSUFDE 
M- 
ETtMBEFLzpE 
LllHIl&l 
M9NwvvEsE 
-ci.oiuDE 
NAFMMLENE 
NNIIROSCO-N 
TErP.4CKOFICOHYLEt.E 
TaEM 
TR)a-LoRcElrmD\E 
x-nEw6 

GWAER 
-m 

OwlI 

4.00E-02 
6.75E.03 
9.06E-03 
1.43E.01 
6.50E.02 
3.30E.01 
5.67E.03 
5.49E+00 
3.20E.02 
4.00E-03 
5.70E:01 
3.10E-02 
I .BOE-01 

GRYvMMAER 
-TlcN 

OW) 

4.63E-02 
6.75E.03 
1.55501 
9.068-03 
1.43E.01 
3.30E-01 
8.36E-01 
3.448-03 
5.67E.03 
5.63E-03 
5.49E+OO 
1 .OZE+Ol 
3.20E-02 
1.50E-01 
4.00E-03 
5.70E-01 
1.64E-01 
3.lOE-02 
1 .BOE+OO 

CXAL 
~CFEFACTCR NTAM PM 

(mgtkgtd)-1 

Z.OOE-01 
6.00E-01 
1.75E+OO 
2.90E.02 
l. lOE+gO 
1.40E.02 
6.10E-03 

m 
7.50E.03 
4.90E-03 
5.2OE.02 
l.lOE-02 
1 .BOE+OO 

SLAL 
mn 

OWWUI 

9.00E.02 
Q.OOE-03 
Z.OOE-02 
3.00E.04 

m 
2.00E-02 
Q.OOE-02 
1 .OOE-01 
l.OOE-02 
1 .OOE-01 
Z.OOE-02 
5.OOE-03 
6.OOE-02 
4.00E-02 
Z.OOE-02 
1 .OOE-02 
2.00E.01 
6.00E.03 
2.00E+OQ 

VwkiW 

1.40E.04 
2.36E.05 
3.17E.05 
4.96E.04 
2.27E-04 
l.lSE-03 
1.96E-05 
1.92E-02 
l.lZE-04 
1.40E-05 
l.BBE-03 
1.06E.04 
6.29E-04 

TOTAL CANCER RISX I 

4.73E-04 
6.60E-05 
1.52E-03 
6.66E-05 
1.39E.03 
3.23E-03 
6.20E-03 
3.37E-05 
5.55E-05 
5.5’3E.05 
5.37E-02 
9.96E.02 
3.1x-04 
1.47E.03 
3.9lE.05 
5.58E-03 
1.61 E-03 
3.03E.04 
1.76E-02 

t- lAmDLNDEx= 

2.90E-05 
1.42Em05 
5.54E.05 
1.44E.05 
2.50E.04 
1.6lE.05 
1.21 E-07 

m 
8.39E.07 
6.65E-06 
1.04E-04 
l.lBE-06 
1.20E.03 

1.66E.03 

I-LAZAW 
aXlTENT 

5.25E-03 
7.34E-03 
7.60E-02 
2.9E.E.01 

m 
1.61 E-01 
9.llE-02 
3.37E.04 
5.55E-03 
SSOE-04 
2.66E+OO 
Z.OOE+Ol 
5.22E-03 
3.67E-02 
l.B6E-03 
5.56E-01 
6.04E-03 
5.05E-02 
6.61E.03 

2.4OE+Ol 

(CWxIRxEFkED) 
Intake(mgtkg-d)l ---_-----_..-___ 

(BWxAFxAD) 

cw. UL95 chemkxl mncentralion In groundwater (mg4) 
IR - Water Ingestion rate (1.0 Ud) 
EF I Exposure frequency (250 d/yr) 
ED I Exposure duration (25 yr) 
BW - Body weigh1 (70 kg] 
AF - Averaging frequency (365 d&r); end 
AD = Averaging duration. yr (equal IO ED 101 Mnczrclnagens and 70 
years Ior eardwgans) 

1 
I 
8 
E 
1 
R 
1 
I 
I 
I 
3 
1 
,1 
i 
1 
I 
1 
I 



TABLE E-19A 
RIS(FROMBEDRXKGROUdlWArrRIf f iEST)3NATMSS 
FtECEPTOFt FUTURE FESUIEM (ADULT) 
USIM Rw VALUES 

1 ,l 22.TETRACHLOAO!ZIHANE 
l . lDbCHGRmNE 
AEEls 
BEN2Es 
BISPCHOR~)ElHER 
Bls(2-E7m~ExvL)FHTHALATE 

LITHIUM 
bf3wlEmcKcRlDE 
NNm-NE 
TErlwM-N 
T-OKEFMBE 
VINYI cnoFoDE 

1 .I . I -TRICHLOROEMANE 
l. l-DC+LOR~NE 
12. DlCM.OROETHENE 
ABENC 
BaeEN 
ElS(Z-EmLHEXYL)mTE 
BcKm 
c4RBcN DiSWDE 

ErHnBEM 
LRHIUM 
M9NGAMsE 
h43mLaEail-mDE 
NAPMHALENE 
NNl lRCSCDP~M 
mCKORQRMENE 
TaLEN 
mm 
XYLEM3 

G-WATER 
cc.xEmm 

(me/l) 

4.00E.04 
6.75E.05 
9.06E.05 
1.43E-03 
6.50E.04 
3.30E-03 
5.67E.05 
5.49E.02 
3.208-04 
4.00E-05 
5.70E-03 
3.lOE.04 
1 .BOE-03 

GACUSWASER 
ccNcENlR4~ 

(m94 

4.63E-04 
6.75E.05 
1.55E.03 
9.06E-05 
1.43E-03 
3.30E.03 
6.36E-03 
3.44E.05 
5.67E-05 
5.63E-05 
5.49E-02 
1 .OZE-01 
3.20E.04 
1 .SOE-03 
4.00E.05 
5.70E.03 
1.64E-03 
3.lOE.04 
1.60E-02 

cfw. 
SLOPEFACTOR 

(mg/kg/d)-1 

Z.OOE-01 
6.00E.01 
I .75E+OO 
2.90E.02 
l. lOE+OO 
1.40E.02 
6.10E-03 

NJ 
7SOE-03 
4.BOE.03 
5.POE.02 
l.lOE-02 
1 .SOE+OO 

ORAL 

(mg?gld) 

S.OOE-02 
S.OOE.03 
Z.OOE-02 
3.00E.04 

NJ 
2.OOE.02 
S.OOE-02 
1 .OOE.Ol 
1 .OOE-02 
1 .OOE-01 
2.00E-02 
5.00E-03 
6.00E.02 
4.00E-02 
2.00E-02 
1 .OOE-02 
2.00E.01 
6.00E-03 
2.00EiOO 

(CWXIRXEFXED) 
Intt$e(mg/kg-d)- ----...e--..--_.e 

(BWxAFxAD) 

NrAKE 
WWg-d) 

4.70E.06 
7.93E.07 
1.06E-06 
1.66E.05 
7.63E-06 
3.67E-05 
6.668-07 
6.45E.04 
3.76E.06 
4.70E-07 
6.69E-05 
3.64E-06 
2.11 E-05 

TOTAL CANCER RISK I 

NrAKE 

LWke-dl 

O.OOE+OO 
1.65E-06 
4.25E-06 
2.46E-06 
3.92E-05 
9.04E.05 
2,30E-04 
9.42E-07 
1.56E-06 
1.54E-06 
1.50E-03 
2.79E-03 
6.77E-06 
4.11E-05 
l.lOE-06 
1.56E.04 
4.49E-05 
6.49E.06 
4.93E-04 

HAZARD INDEX I 

9.39E.07 
4.76E-07 
1.86E-06 
4.67E-07 
6.40E.06 
5.42E-07 
4.06E.09 

NJ 
2.62E.06 
2.30E.09 
3.46E-06 
4.00E.06 
4.02E-05 

5.64E-05 

HAZARD 
w0TEN-r 

O.OOE+OO 
2.05E-04 
2.12E-03 
6.27E-03 

M  
4.52E-03 
2.55E-03 
9.42E-06 
1.55E-04 
1.54E-05 
7.52E.02 
5.59E.01 
1.46E-04 
1.03E.03 
5.46E.05 
1.56E-02 
2.25E-04 
1.42E-03 
2.47E-04 

6.7iE.01 

cw. 
IR 

UL95 chemical concentratkm In groundwater (mpn) 
- Wale1 lflgestion rate (2.0 Vd) 

EF = Exposure lrequency (350 dlyr) 
ED - Exposure duration (30 yr) 
BW . Body weight (70 kg] 
AF = Averaging lrequency (365 dlyr); and 
AD I Avemgbg duration, yr (equal to ED tar noncarcinogens and 70 
years for carcinogens) 

E-20A 



TABLE E-198 
RlSKFROMBEDROQ(GROUS)WATER~E~ATMSS 
RECEfTOft FUTURE RESMNT (GILD) 
USING Fw VAltxS 

1 ,122.TSTR4CtiLORDElHANE 
l. lDCtQOR~NE 
ARSENC 
BmzErE 
BIS@CH.OR~)EMER 
BlS(2-Enib’~)~TE 

LI-IHILM 
hEmnEEcKccuE 
NNITRDSCOrnM 
TElRAc+LORCFTHyCEM 
TRia-L- 
vwYLckmFuDE 

l.l. l-TRICHLORO 
l, lDkZ+LORCFTFENE 
12. DKXOROEIHENE 
AFEEtuc 
- 
BIS(2.ET!lYLHEXK)P 
BCACN 
CARBW DISWDE 

ETmlBEtsuJE 
LITHIM 
t.AwmdEsE 
h63nnmEalLcFuDE 
NAPHMALENE 
N+arROSCO-M 
TErRAa-LORCERMLEN 
TULEM 
mm- 
XYLENZS 

GFCiNMATER 
CcNcENlRAm 

(mwl 

4.00E.04 
6.75E-05 
9.068-05 
1.438-03 
6.508-04 
3.301-03 
5.671-05 
6.498-02 
3.208-04 
4.00E.05 
5.70E.03 
3.10E.04 
1.60E.03 

GFZYMXVATSR 
mm 

(m94 

4.63E.04 
6.75E-05 
1.55E.03 
9.06Eh6 
1.43E.03 
3.30E.03 
6.36E.03 
3.44E.05 
5.67E-05 
5.63E.05 
5.49E-02 
1.02E.01 
3.20E-04 
1.50E-03 
4.00E-05 
5.708-03 
1.648-03 
3.lOE.04 
l.BOE-02 

ORAL 
SKPEFACTOR 

(mg/kgld)-1 

2.00E.01 
6.00E-01 
1.75E+OO 
2.9OE.02 
l. lOE+OO 
1.40E.02 
6.10E.03 

la 
7.5OE.03 
4.90E.03 
5.20E-02 
l.10E.02 
1 .SOE+OO 

CRAI. 

(mg?gld) 

9.00E-02 
S.OOE-03 
2.00E.02 
3.00E.04 

Ia 
2.0OE.02 
S.OOE-02 
l.OOE.01 
1 .OOE-02 
1 .OOE-01 
2.OOE.02 
5.00E-03 
6.00E.02 
4.00E.02 
2.OOE.02 
1 .OOE-02 
2.00E-01 
6.00E.03 
2.OOE+OO 

(myzd) 

1.53E-06 
2.59E-07 
3.46E.07 
5.48E.06 
2.49E.06 
1.27E-05 
2.17E-07 
2.llE-04 
1.23E.06 
1.53E.07 
2.19E.05 
l.lSE-06 
6.9OE.06 

TOTAL CANCER RISK = 

2.16E-05 
3.02E-06 
6.94E-05 
4.05E.06 
6.4OE.05 
1.46E.04 
3.75E-04 
1.54E-06 
2.54E-06 
2.52E-06 
2.46E.03 
4.56E.03 
1.43E-05 
6.7lE-05 
1.79E-06 
2.55E.04 
7.34E.05 
1.39E.05 
8.05E-04 

REX 

3.07E-07 
1.55E-07 
6.06b07 
1.59E-07 
2.74E.06 
1.77E.07 
1.33E-09 

Nl 
9.21E.09 
7.52E.10 
t.t4E-06 
1.31E.06 
1.3tE.05 

1.64E-05 

HAzAFil 
anTENT 

2.40E-04 
3.36E-04 
3.47E-03 
1.35E-02 

NJ 
7.36E.03 
4.17E-03 
1.54E-05 
2.54E-04 
2.52E-05 
1.23E-01 
9.13E.01 
2.39E.04 
1.66E.03 
6.95E-05 
2.55E-02 
3.67E-04 
2.31E-03 
4.03E.04 

HAZARDHDEX. l . lOE+OO 

(CWxIRxEFxED) 
Intake(mg/kg-d)- ---_----I.---. 

(BW x AF x AD) 

cw. UL95 chemical caxcantratlon In groundwater (mg/i) 
IR - Water lngestlon rate (0.7 Ud) 
EF l Exposure lrequency (350 d/yr) 
ED I Exposure durabn (6 yr) 
BW . Body WelQht (15 kg) 
AF - Averaging frequency (365 dryr); and 
AD I Averaglng durabon, yr (equal to ED for noncarclnogens and 70 
years IOf carcinogens) 

I 
a 
I 
a 
1 
1 
8 
I 
s 
1 
I 
1 
.I 
II 
a 
I 
1 
I 

E-20B 
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1 
I 
I 
J 
a 
I 
1 
I 
I 
1 
s 
1E 

TABLE E-19C (D@lOOO’) 
RlS(FROMBEDRCCKGAWNlWATERkYGEGESTIM‘IATMSS 
RECEPTOR: FLINRE FESDENT (ACULT) 
USlM RhE vALu3 

1 ,122.TETRACHLORDEIHANE 
l.l-DICKOROETtENE 
ARSENC 
- 
BlSC+CtLORoEnm)EiHER 
q lS(2ZlHfWXYL)PHMUATE 

1.1 .I-TRKZHLOROEMANE 
l.l-DEMDROEC-ENE 
12. DK)HOFiOEtHENE 
AixEric 
BEawE 
BIS(~.ETHVLHEXYL)PHTMUTE 
EKXCN 
am DlSWDE 

ml-ME= 
LriHIuM 
M9NGAMs 
t”FnMBEai.oRlDE 
-NE 
NNITROSCO~E 
l-mvG-LWN 
TalEm 
mwm 
XXEhES 

‘I 
1 
I pI.A)3MIoIUP, 
1 

GKINYA’ATER CR4 
-TKN SCPEFACTOR FE% 

WoN (mgIkgld)-1 (myEd) 

4.00E.06 
6.75E.07 
%06E-07 
1.43E.05 
6.50E.06 
3.30E-05 
5.67E.07 
5.49E-04 
3.20E.06 
4.00E-07 
5.70E-05 
3.lOE-06 
1.60E.05 

2.00E.01 
6.00E-01 
1.75E+OO 
2.90E-02 
l.lOE+OO 
I.40602 
6.10E-03 

m 
7.508-03 
4.BOE-03 
5.20E-02 
1 .lOE-02 
1.90E+OO 

4.70E-06 
7.93E-09 
l.O6E-06 
1.66E-07 
7.63E.06 
3.67E-07 
6.66E.09 
6.45E-06 
3.76E.06 
4.70E.09 
6.69E.07 
3.64E-06 
2.llE.07 

9.39E-09 
4.76E-09 
1.66E-06 
4.67E-09 
&40E-OS 
5.42E.09 
4.06E-11 

M 
2.62E-10 
2.30E-11 
3.46E-06 
4.00E-10 
4.02E-07 

GRYJUA’ATER 
-m 

fmo4 

4.63E.06 
6.76E.07 
1.55E.05 
9.06E-07 
1.43E.05 
3.30E-05 
6.36E-05 
3.44E-07 
5.67E-07 
5.63E.07 
5.49E.04 
l.O2E-03 
3.20E-06 
1.50E.05 
4.00E-07 
5.70E.05 
1.64E.05 
3.lOE.06 
1.60E-04 

CmL 
RID 

fmglkgld) 

9.00E.02 
9.00E-03 
2.00E-02 
3.00E-04 

M 
2.00E-02 
9.00E.02 
l.OOE-01 
l.OOE-02 
l.OOE-01 
2.00E-02 
5.00E-03 
6.00E-02 
4.00E-02 
2.00E-02 
l.OOE-02 
2.00E-01 
6.00E-03 
2.00E+OO 

(CWXIRXEFXED) 
Intake(mg/kg-d). -------- ---___. 

(BW x AF x AD) 

TOTAL CAKCER REX = 5.64E.07 

h7AE 
fmiVko4 

I-bvAm 
anTENT 

1.32E-07 1.47E-06 
1.65E-06 2.05E-06 
4.25E.07 2.12E-05 
2.46E.06 6.27E-05 
3.92E.07 ND 
9.04E-07 4.52E.05 
2.30E.06 2.55E-05 
9.42E.09 9.42E-06 
1.55E-09 1.55E.06 
1.54E-08 1.54E.07 
1.50E-05 7.52E-04 
2.79E-05 5.59E.03 
6.77E.00 146E-06 
4.llE.07 l.O3E-05 
1 .lOE-06 5.46E-07 
1.66E.06 1.56E.04 
4.49E-07 2.25E.06 
6.49E.06 1.42E.05 
4.93E.06 2.47E-06 

HAZARD INDEX I 6.71 E-03 

cw. 
IR 

UL95 chemld concentration In groundwater (mpn) 
= Water IngestiOn fata (2.0 Ud) 

EF - Expcsure lraquencj (350 d/yr) 
ED - Exposure duration (30 yr) 
BW - Bcdy weight (70 kg) 
AF - Averaglnp frequency (365 dqr): and 
AD = Averaging dumb’on, yr (equal to ED for noncarcinogens and 70 
years for cardnogsns) 

E-20~ 



TABLE E-19D (D@lOOO’) 
RIS(FRthr lBEDRCXmGROUS)WATER~ESTIONATMSS 
RECEPIOR: FunJRE REsQENl (CHLD) 
us&f3 FOE VALlES 

mAh4NANTsw-Fw 

1 .I 2.2-TErRACHLOROEMANE 
1,GWtL-NE 
AFISPSC 
ENEN 
BIB(2-C+LOROETbM)EiHER 
ElS(2-ETKYwEXYL)PKMALATE 

UTHILM 
.A43mfhECKOFUDE 
N-Nm-M 
TERACKORCEMYLEK 
TRDL- 
VINYCCHWUDE 

l. l . l -TRICHLORCEMANE 
l . l -DKMDRCEPENE 
IPDlCKORcsHENE 
ArEEm 
BEFPEN 
BlS(Z-EtHYLHEXYL)mTE 
mctd 
CAARBCNDlSWDE 

ErHnENzEN 
LilliMIcM 
-E 
-a-LmDE 
NAPHMALENE 
N.NmK)SM-K 
TErRAcK-NE 
TCLUEN 
mm- 
XYLEMS 

GFZYJKWATER cml 
mm SS?=EFAcToR 

(m94 (mgIkg/d)-1 

4.00E-06 
6.75E-07 
9.06E-07 
1.43E-05 
6.5OE-06 
3.30E-05 
5.67E-07 
5.49E-04 
3.20E-06 
4.00E-07 
5.70E-05 
3.10E-06 
1.60E.05 

GEiNWATER 
CcNcENlRRTlcN 

(moN 

4.63E-06 
6,75E-07 
1.55E.05 
9.06E-07 
1.43E.05 
3.30E.05 
6.36E-05 
3.44E.07 
5.67E-07 
5.63E-07 
5.49E.04 
l.O2E-03 
3.20E.06 
1.50E.05 
4.00E.07 
5.70E.05 
1.64E.05 
3.lOE.06 
1.60E.04 

NTAKE IEX 
PWko-dl 

2.00E-01 
6.00E-01 
1.75E+OO 
2.908-02 
1 . lOE+OO 
1.40E-02 
6.10E-03 

N) 
7.50E.03 
4.90E-03 
5.20E-02 
l.lOE-02 
t .SOE+OO 

CRAL 

(mg?gId) 

Q.OOE-02 
9.00E.03 
P.OOE-02 
3.00E.04 

NJ 
Z.OOE-02 
S.OOE-02 
1 .OOE-01 
1 .OOE-02 
l.OOE-01 
2.00E-02 
5.00E-03 
6.00E-02 
4.00E-02 
2.00E.02 
1 .OOE-02 
Z.OOE-01 
6.00E.03 

2.00E+OO 

1.53E-06 
2.59E-09 
3.4fJE-09 
5.46E-06 
2.49E-06 
1.27E-07 
2.17E-09 
2.llE-06 
1.23E.06 
1.53E-09 
2.19E-07 
1.19E-06 
6.906-06 

TOTAl CANCER RISK = 

(m:cd) 

2.16E-07 
3.02E-06 
6.94E-07 
4.05E.06 
6.40E-07 
1.46E.06 
3.75E-06 
1.64E-08 
2.54E-06 
2.52E.06 
2.46E-05 
4.56E-05 
1.43E-07 
6.71 E-07 
1.79E-06 
2.55E-06 
7.34E.07 
1.39E.07 
6.05E.06 

HAZARD INDEX L 

3.07E.09 
1.55E-09 
6.06E-09 
1.59E.09 
2.74E-06 
1.77E.09 
1.33E.11 

M  
9.21E-II 
7.52E.12 
l.l4E-06 
1.31E.10 
1.31E-07 

1.64E-07 

HAZAFUI 
CMOTENT 

2.40E-06 
3.36E-06 
3.47E-05 
1.35E-04 

M  
7.3BE-05 
4.17E.05 
1.54E.07 
2.54E-06 
2.52E-07 
1.23E-03 
9.13E.03 
2.39E-06 
1.66E.05 
6.95E.07 
2.55E.04 
3.67E-06 
2.31 E-05 
4.03E-06 

1 .I OE-02 

(CWxIRxEFxED) 
Intake(mglkg-d)= --..__--....l-..--l. 

(BWxAFxAD) 

cw- UL95 chemical concentration In groundwater (mg.4) 
IA = Water Ingestion rate (0.7 l/d) 
EF = Exposure frequency (3.50 dfyr) 
ED = Exposure duration (6 yr) 
BW = Body weight (15 kg) 
AF = Averaging frequency (365 d+v): and 
AD = Averaging duration. yc (equal to ED for noncarcinogens and 70 
years for carcinogens) 

E-20D 

8 
1 
I 
a 
I 
g 
J 
I 
I 
11 
J 
I 
1 
I 
1 
a 
1 
I 
8 



I 
I 
1 

II 
IO 
1 
e 
1 
a 
I 
1 
1 
1 

TABLE E-20 
FUSX FRCM BEDROCK GROUMWATEA NESTKNAT MSS 
RECEPTCRFUiU=EEh%LOfEE 
USlffi MZAN VALUES 

CXXTAtvNANTSoFcoMRN 

1 .12PTETFI4CHLORO!ZlHANE 
1.1DkX.CKElH3E 
AFSEW 
EENZEN! 
SlS+C+LOFlOrnm)m-IER 
ms(2-ETHYLHExYL)mTE 

LlTHlvvl 
-- 
N+mwecoPKNYLAMN 
TEnlm-LORCErmEN 
TRDLoRcormEK 
vlNnctLoRIDE 

l.l.l-TRKZiLOROEM4NE 
l. lDWoR~NE 
12.DICKORCEIHEM 
AsEt% 

I%Z%YUiEX.TL)pWnWnTE 
aax 
CARBCN DISUFDE 

GFUNYIVATER 
ccNENm4m 

IWU 

l.OOE-02 
K’OE-03 
6.19E-03 
3.57E-02 
2.25E.02 
4.348-02 
3.70E-03 

2.20E+OO 
4.53E-03 
4.00E.03 
7.69E.02 
l.llE-02 
2.29E.02 

6.67E-03 
3.70E.03 
4.02E-02 
&lSE-03 
3.57E-02 
4.34E-02 
5.62E.01 
3.01E-03 
3.70E.03 
5.94E-03 
2.20E+OO 
4.65E+OO 
4.53E.03 
2.95E-02 
4.00E.03 
7.69E.02 
3.52E.02 
l.llE-02 
2.76E.01 

(mg/kgId)-1 

CYW 
sLCFEFACTC+l 

OwM-d) 
NTME 

2.00E-01 
6.00E-01 
1.75E+OO 
2.90E.02 
1 .lOE+OO 
1.40E-02 
b.lOE-03 

NJ 
7.5OE.03 
4.90E-03 
5.20E-02 
l.lOE-02 
l.gOE+OO 

cwu 
Rl3 

fJWW4 

9.OOE.02 
9.00E-03 
2.00E-02 
3.00E.04 

M 
2.00E-02 
9.00E-02 
l.OOE-01 
l.OOE-02 
l.OOE-01 
2.00E.02 
5.00E.03 
6.00E-02 
4.0OE-02 
Z.OOE-02 
1 .OOE.02 
2.00E.01 
6.00E-03 

2.00E+OO 

6.65E-06 
2.53E-06 
4.24E-06 
2.45E.05 
1.54E.05 
2.97E.05 
2.53E.06 
1.51E.03 
XlOE-06 
2.74E-06 
5.40E-05 
7.60E-06 
1.57E.05 

TOTAL CANCER RISK. 

4.57E.05 
2.53E-05 
2.75E-04 
4.24E-05 
2.45E-04 
2.97E.04 
3.65E.03 
2.06E-05 
2.53E-05 
4.00E.05 
1.51E.02 
3.32E-02 
3.10E-05 
2.02E-04 
2.74E-05 
5.40E.04 
2.41E.04 
7.60E.05 
1.69E.03 

liAm?DNDEx. 

WSK 

1.37E-06 
1.52E-06 
7.42E-06 
7.09E.07 
1.70E.05 
4.16E.07 
1.55E-06 

M 
2.33E-08 
1.34E-06 
2.61E-06 
6.36E-06 
2.98E-05 

6.1 lE-05 

I-lPzAFdl 
aJ0TEN-f 

5.OQE-04 
2.62E-03 
1.36E-02 
1.4lE-01 

M 
1.49E.02 
4.26E-02 
2.06E-04 
2.53E-03 
4.00E-04 
7.53E-01 
6.64E+OO 
5.17E-04 
5.05E-03 
1.37E-03 
5.40E.02 
1.21 E-03 
1.27E-02 
9.45E-04 

7.69E+OO 

(CWXIRXEFXED) 
Intahe(mglkg-d)- ---.-__._-__ ______ _ 

(BW x AF x AD) 

CW. 
IR 

Mean chemical cDncenlratiin In groundwater (mpl) 
. Water lng+xtion rate (0.7 l/d) 

EF . Exposure frequency (250 dfyr) 
ED . Exposure durabn (7 yr) 
BW . Body welghl (70 kg] 
AF . Averaglcg frequency (365 diyr): and 
AD - Avwaglrtq durabbn, yr (equal fa ED lor noncarclnogens and 70 
yeas for cardnogeru) 

E-21 



TABLE E-20A 
RlSKFFlOMBEOROCKGROUNlWATERI~ESTKNATMSS 
RECEPTOR FLJlURf RESDENT (ADULS) 
USING MANVALUES 

coNTSWVUNTSff  CONCERN 

1 .I 2.2.~RACHLORCEIHANE 
l . lDICHLOROEMNE 
ARsps= 

LRHILM 
~~CfllDE 
~mosm-N 
mRACKORCERNLEN 
TRICKORCERFRPE 
wwLckLoRlDE 

l. l . l-TRICHLOROFMwE 
l, l-DICnOR~NE 
12.DICKORCEIHENE 
AFsENc 
ef3QEE 
BlS(2.MLHEXYL)PH-iHAMTE 
ImxN 
CARBCN DlSUFDE 

.ElwLENzEhE 
LmillJ.4 
M9NovssE 
-ca-LcfllDE 
NQ=HMUENE 
NNlTROSOJP-N 
TE-rRKM-K 
TULEN 
JRDLs 
XREJES 

G-WATER oR4L 
CcNcENTRAm S.U%FACT~ 

IwU (mg/kgld)- 1 

1 .OOE-04 
3.70E.05 
6.19E.05 
3.57E.04 
2.25E.04 
4.34E-04 
3.70E-05 
2.20E-02 
4.53E-05 
4.00E-05 
7.69E.04 
l.llE-04 
2.29E-04 

2.00E.01 
6.00E-01 
1.75E+OO 
2.908-02 
1 . lOE+OO 
1.40E-02 
6.1OE-03 

m  
7.50E.03 
4.90E.03 
5.20E.02 
1 .lOE-02 
1.90E+OO 

GRCUQWATEFI 
arcENTwJm 

fw3N 

6.67E.05 
3.70E.05 
4.02E-04 
6.19E-05 
3.57E-04 
4.34E.04 
5.62E-03 
3.01E-05 
3.708-05 
5.648-05 
2.20E.02 
4.95E-02 
4.53E-05 
2.95E-04 
4.00E.05 
7.698-04 
3.52E-04 
l.llE-04 
2.76E.03 

INrAKE Rw 
VwW-d) 

owl 

Img:gld) 

9.00E.02 
9.00E-03 
2.00E-02 
3.00E-04 

NJ 
2.00E-02 
9.00E-02 
1 .OOE-01 
1 .OOE-02 
1 .OOE-01 
2.00E.02 
5.00E-03 
6.00E-02 
4.00E.02 
2.00E-02 
1 .OOE-02 
Z.OOE-01 
6.00E-03 
2.00E+OO 

2.47E.07 
9.12E.09 
1.53E-07 
6.60E.07 
5.55E.07 
1.07E.06 
9.12E-09 
5.42E-05 
l.l2E-07 
9.66E-06 
1.95E.06 
2.74E-07 
5.65E.07 

TOTAL CANCER RI% I 

(mycd) 

1.26E-06 
7.lOE.07 
7.71 E-06 
1.19E.06 
6.65E-06 
8.32E.06 
l.O6E-04 
5.77E-07 
7.10E-07 
l.l2E-06 
4.22E-04 
9.30E.04 
6.69E.07 
5.66E.06 
7.67E-07 
1.51 E-05 
6.75E.06 
2.13E-06 
5.29E-05 

HAZARD INDEX I 

(CWXIRXEFXED) 
Inrake(mg/kg-d). --------- ._._.---__ 

(BW x AF x AD) 

cw. Mean chemical concenvatlon In groundwater (mgn) 
IR - Waler ingestion ram (1.4 l/d) 
EF I Exposure lrequency (350 d/yr) 
ED I Exposure duration (9 yr) 
BW - Body weigh1 (70 kg) 
AF - AveragIng frequency (365 cUyr): and 
AD - AveragIng duration. yf (equal lo ED for noncarcinogens and 70 
years for carcinogens) 

E-21A 

4.93E-09 
5.47E-06 
2.67E.07 
2.55E.06 
6.10E-07 
1.50E.06 
5.57E.10 

M  
6.36E.10 
4.63E.10 
l.OlE-07 
3.01E.09 
l.O7E-06 

2.20E.06 

l-lvAm 
c2mTEN-r 

1.42E-05 
7.66E.05 
3.95E-04 
3.96E-03 

M  
4.16E-04 
1.20E-03 
5.77E-06 
7.10E-05 
l.l2E-05 
2.1 lE-02 
1.66E-01 
1.45E.05 
1.41E.04 
3.64E.05 
1.51E-03 
3.36E-05 
3.55E-04 
2.65E-05 

2.15E.01 

4 
8 
1 
I 
I 
3 
a 
I 
Y 
1 
8 
a 
I 
1 
1 
1 
8 
a 
II 



TABLE E-20S 
RI% FROM BEDROCK GFQJQWATEA Iff iEST)M;IATMSS 
R-OR FUTURE RESDENT (CHID) 
USING MZAN VALUES 

1 .I 22.TETRACHLORCElHME 
l, l~t%l.OREWENE 
AlEfts 

Ll lHKM 
lvFTrmEMca-LmDE 
*NITROSCOl+EhViMN 
TFlRAc-L-K 
mofKm+mE 
VWL CHORIDE 

l. l . l -TRICHLOROEMANE 
l .~~MOR%NE 
1P DIMOROETHENE 
AFEW 
E3mEr.E 
BISWTWLHEXYL)PHTl+UATE 
BcFzrJ 
CARE04 D!SWQE 

EmBEFpDuE 
LmilUM 

LIi iK2zmcfuDE 
-NE 
N+Jm-FE 
TElmMLOF#ITHYLEN 
TUUZNE 
TRW- 
xYlEM?S 

GF#JJX’JAlER 
-m 

@WI 

1 .OOE.04 
3.70E.05 
6.19E-05 
3.57E-04 
2.25E.04 
4.34E.04 
3.70E-05 
2.20E-02 
4.53E.05 
4.00E.05 
7.69E-04 
l.llE-04 
2.29E-04 

GRXtQ8ATER 
CcNcEMAATlcN 

OwlI 

6.67E-05 
3.70E-05 
4.02E-04 
6.19E-05 
3.57E-04 
4.34E-04 
5.62E-03 
3.01E.05 
3.70E.05 
5.64E-05 
2.20E-02 
4.65E.02 
4.53E-05 
2.95E-04 
4.00E-05 
7.69E-04 
3.52E.04 
l.ilE-04 
2.76E.03 

uw. 
SXFEFACTOR FM 

(mg/kg/d).l (my:d) 

2.00E-01 
6.00E.01 
i .?5E+OO 
Z.BOE-02 
l. lOE+OO 
1.40E.02 
6.10E.03 

m  
?.50E-03 
4.90E-03 
5.20E-02 
l.lOE-02 
1.90E+OO 

cu4. 
RQ 

WWkgW 

9.00E-02 
9.00E.03 
2.00E-02 
3.00E.04 

r-0 
2<00E-02 
9.00E-02 
1 <ODE-01 
1 .OOE-02 
l.OOE-01 
Z.OOE-02 
5.00E.03 
6.00E-02 
4.00E-02 
2.00E-02 
1 .OOE-02 
2.00E-01 
6.00E.03 
2.00E+OO 

(CWxIRxEFxED) 
Intake(mglkg-d). ---.-e---e ._---. 

(SW x AF x AD] 

2.96E-07 
l.O9E-07 
1.63E.07 
1.06E.06 
6.66E.07 
1.26E.06 
l.O9E-07 
6.51 E-05 
1.34E.07 
l.l6E-07 
2.33E-06 
3.26E-07 
6.76E-07 

TOTAL CANCER RISK I 

2.30E-06 
1.28E.06 
1.39E-05 
2.14E-06 
1.23E.05 
1.50E-05 
1.94E-04 
l.O4E-06 
1.26E-06 
2.02E-06 
7.59E-04 
1.67E.03 
l.S6E-06 
1.02E-05 
1.36E.06 
2.72E.05 
1.22E.05 
3.63E-06 
9.53E-05 

I iAZARD INDEX - 

5.92E-09 
6.57E-06 
3.21E-07 
3.06E.06 
7.32E-07 
1.6OE.09 
6.66E.10 

M  
1 .Ol E-09 
5.60E.10 
1.21 E-07 
3.61E-09 
1.29E-06 

2.64E.06 

H4mRD 
cuol-EN-r 

2.56E-05 
1.42E-04 
6.94E-04 
7.12E-03 

NJ 
7.49E-04 
2.16E-03 
l.O4E-05 
1.26E-04 
2.02E.05 
3.6OE-02 
3.35E-01 
2.61E.05 
2.55E.04 
6.90E-05 
2.72E.03 
6.06E-05 
6.39E-04 
4.76E-05 

3.66E+Ol 

cw. Mean chemical concenuatlon In grounhvarer (mgn) 
IR - Water Ingestion fate (054/d) 
EF - Exposure frequency (350 wr) 
ED I Exposure duration (6 yr) 
EW . Body weight (15 kg) 
AF I AveragIng lrequency (365 c&r): and 
AD - AveragIng duration, yr (equal lo ED for noncarclnogens and 70 
years for carcinogens) 

E-21B 



TABLE E-20C (D@lOOO’) 
RIS(FROMBEDRXKGRCUJDWATERlf f iESTlONATEASS 
RECEPTOFt FUllJE RESDENl (AD&T) 
USM KANVALUES 

1 .I 2.2-TETRACHLOR0EiHANE 
i, lDkZ+L~~NE 
AFew 

X1.1-TRIUILOROETHANE 
1.1DcHOR~NE 
12- D~~KOETHENE 
ARSEMC 
BEFeEN 
BIS(2-f%YIHEXVL)P 
Kstm 
CARBCNDlSWDE 

C 
LlTHI1M 
-SE 
~CKCFUDE 
-NE 
UNARM 
-rElR4cH-N 
TCLEtE 
rrucKoRaMyLEN 
Y.nEPEs 

G-WATSR c+w. 
coNcEMR4TI3N SLOPE FACTCXi 

@WI (mplkgld).1 

1 .OOE-06 
3.70E.07 
6.19E-07 
3.57E-06 
2.25E.06 
4.341-06 
3.70E-07 
2.208-04 
4.53E-07. 
4.00E-07 
7.69E.06 
l.llE-06 
2.29E.06 

2.00E.01 
B.OOE-01 
1.76E+OO 
2.90E-02 
l. lOE+OO 
1.40E-02 
6.10E-03 

ta 
7.50E.03 
4.90E.03 
5.2OE.02 
l.lOE-02 
1.90EiOO 

GRCUQWATER 
coNxNlR4m 

(WI) 

6.67E.07 
3.70E-07 
4.02E-06 
6.19E-07 
3.57E.06 
4.34E.06 
5.62E-05 
3.01E-07 
3.70E-07 
5.64E.07 
2,20E-04 
4.65E-04 
4.53E.07 
2.95E-06 
4.00E.07 
7.698-06 
3.52E.06 
l.llE-06 
2.76E.05 

LUTAKE FLW 
OwWdl 

9.00E-02 
B.OOE-03 
2.00E.02 
3.00E.04 

M  
2.00E-02 
9.00E.02 
1 .OOE-01 
l.OOE-02 
l.OOE-01 
2.00E-02 
5.00E-03 
6.00E.02 
4.00E-02 
2.00E-02 
1 .OOE-02 
2.00E.01 
S.OOE-03 
2.00E+OO 

(CWXIRXEFXED) 
Inlake(mg/kg-d). ---.1.--.. .-.____-- 

(BWXAFXAD) 

2.47E-09 
9.12E.10 
1.53E-09 
6.60E-09 
5.55E.09 
l.O7E-06 
9.12E.10 
5.42E-07 
1.12E-09 
9.66E.10 
1.95E-06 
2.74E-09 
5.65E-09 

TOTAL CANCER RISK I 

INTAKE 
OWkvd) 

1.26E-06 
7.10E-09 
7.71E.06 
1.19E.06 
6.65E-06 
6.32E.06 
1 .OBE-06 
5.77E.09 
7.10E.09 
l.l2E-06 
4.22E-06 
9.30E-06 
6.69E-09 
5.66E-06 
7.67E-09 
1.51 E-07 
6.75E-06 
2.13E.06 
5.29E.07 

HAZARDINDEX. 

4.93E.10 
5.47E-10 
2.67E-09 
2.65E.10 
6.10E.09 
l.SOE-10 
5.67E-12 

N) 
8.39E-12 
4.63E.12 
l.OlE-09 
3.01E.11 
l.O7E-06 

2.20E-06 

l-lvAFlD 
(XIOTENT 

1.42E-07 
7.66E-07 
3.65E-06 
3.96E.05 

M  
4.16E-06 
1.20E.05 
5.77E.06 
7.10E.07 
1.12E.07 
2.11 E-04 
1.66E-03 
1.45E.07 
1.41E-06 
3.64E.07 
1.51E-05 
3.36E.07 
3.55E-06 
2.65E-07 

2.15E.03 

cw. Mean chemical cwkxnlration In groundwaler (mgn) 
IR I Waler IngestiOn ml6 (1.4 Ud) 
EF l Exposure lrequency (350 Cyyr) 
ED l Expwre duration (a yr) 
BW - Body weight (70 kg) 
AF I Averaging frequency (355 &yf): and 
AD - AveragIng duration. yr (equal 10 ED for noncardnogens and 70 
years for carcinogens) 
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TABLE E-20D (D61OOO’) 
Rl9(FROMEEDRCCiKGRWN)WATERMjESnrJATM39 
RECEPTOR: FUTLIRE RESDENT (CAuD) 
USNG MAN VALUES 

1 .I 2,2-TiSVCHLOROrnlANE 
l.lDICKOROETKNE 
AFEEtc 
Em2Er.E 
BIS(2UiwCRCERfYL))NR 
Bls(2mHwiEXYL)PHTHALATE 

LKHllM 
MTHyLpEcY-LmD2 
NNlTFICKDPmM 
TEfR4m-M 
TRym- 
VlhMWoRlDE 

l.l.l-TRICHLOR-E 
l.l-DICK0RCEK-ENE 
12. D~CKOROEMENE 
A?sENc 
EEtzENz 
BI9(2-m(YLHEXM)P 
BcFct4 
CAFIBau DlSUFDE 

EMYLBENZEM 
LITHILM 
M9NGAMs 
hEnwLEEa-LcfuDE 
-NE 
horoscope 
-fm=aMLWN 
TULEM 
-mKai.- 
XXEIES 

GRY..KhVATER 
-TKxi 

(fw~ll 

1 .OOE-06 
3.70E.07 
6.19E.07 
3.57E.06 
2.25E-06 
4.34E-06 
3.7OE-07 
2.208-04 
4.53E-07 
4.00E.07 
7.69E-06 
l.llE-06 
2.29E-06 

GRXMNATER 
ccrKmm4m 

OWI 

6.67E.07 
3.70E-07 
4.02E-06 
6.19E.07 
3.57E-06 
4.34E-06 
5.62E-05 
3.01E.07 
3.70E.07 
5.64E-07 
2.20E-04 
4.65E.04 
4.53E-07 
2.95E-06 
4.00E-07 
7.69E-06 
3.52E-06 
l.llE-06 
2.76E-05 

am. 
S.CPEFAcToR MAKE mi 

(mglkg/d)-1 

2.00E.01 
b.OOE-01 
1.75E+OO 
2.90E-02 
1 .lOE+OO 
1.40E.02 
6.10E.03 

m 
7.50E-03 
4.90E.03 
5.20E-02 
l.lOE-02 
1 JOE+00 

uw. 

,m*~ld) 

9.00E.02 
9.00E-03 
2.00E-02 
3.00E.04 

M 
2.00E-02 
9.00E-02 
l.OOE-01 
1 .OOE-02 
l.OOE-01 
2.00E-02 
5.00E-03 
6.00E-02 
4.00E-02 
2.00E-02 
l.OOE-02 
2.00E-01 
6.00E-03 
2.00E+OO 

WWb-dl 

2.96509 
1.09E.09 
1.63509 
l.O6E-05 
6.66E.09 
1.25E-05 
1.09E-09 
S.SlE-07 
1.34E.09 
l.l6E-09 
2.33E-06 
3.25609 
6.76E-09 

TOTAL CANCER RISK I 

MAKE 
@WkQ-dl 

2.308-06 
1.26E-06 
1.39E.07 
2.14E-06 
1.238-07 
1.50E.07 
1.94506 
1.04E.05 
1.26E-05 
2.02E-06 
7.59E-06 
1.67E-05 
1.56E.06 
l.O2E-07 
1.39E-06 
2.72E.07 
1.22E-07 
3.53E-06 
9.53E-07 

HAZARDINDEX. 

5.92E.10 
6.57E-10 
3.21 E-09 
3.06E-10 
7.32E-09 
l.BOE-10 
6.66E-12 

fa 
l.OlE.11 
5.60E.12 
1.21E-08 
3.61E-11 
1.29E.06 

2.64E.06 

(CWxIRxEFxED) 
Intske(mglkg-d)- -..-- -__I- _ _____ ___. 

(BWxAFxAD) 

cw - Mean chemld ccncenmu0n In groundwater (mgn) 
IR I Waler lngesllon rate (0.54/d) 
EF . Exfm~re frequency (350 dtyr) 
ED I Exposure duatlon (6 yr) 
BW = Body we!ghl (15 kg) 
AF - AveragIng Frequency (365 dtyr); and 
AD - Averaging durabn. yr (equal 10 ED for non~dmgens end 70 
years for cardnogans) 

HAzAm 
amEf4-r 

2.56E-07 
1.42E-06 
6.94E-06 
7.12E-05 

NJ 
7.49E-06 
2.16E-05 
l.O4E-07 
1.26E.06 
2.02E-07 
3.60E-04 
3.35E-03 
2.61 E-07 
2.55E-06 
6.90E-07 
2.72E-05 
6.05E.07 
6.39E-06 
4.76E-07 

3.68E-03 
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TABLE E-21 
RUSK FROM SURFACE WAGER INDESRDN 
RECEPTOR: CHILD WADING IN WESTERLY BROOK 
USING: RME VALUES 

COMAMINANTS OF CONCERN 

1 ,1.2,2-7ETRACHLOROETHANE 
tSENC 
iJ7HliJM 
ll%CHlDF0EtHYLENE 

NONOARCINoGEN9 

SURFACEWATER 
CONCEhTRATION 

OwU 

1.2- DlCHLOROETtiENE 3.908-02 
ARSENIC 3.19E-02 
LKHIUM 6.20E-01 
~CHLDFOEC-MENE 1.30E-02 

SURFACE WA’TW 
CONCENTRATION 

(wl) 

4.20E02 
3.1 BE-02 
6.20E-01 
1.30E-02 

ORAL 
SLOPE FACTOR 

(mglkgld)-1 

2.00E-01 
1.75E+OO 

m 
l.iDE-02 

INTAKE FM 
@nivk$-8) 

2.30E-07 4.60E-06 
1.?5E-07 3.06E-07 
3.40E-06 ND 
7.12E-09 ?.64E-10 

TOTAL CANCER RISK. 3.53E-07 

ORAL 

(mgTg,d) 

2.0DE-02 
XOOE-04 
2.00E.02 
6.00E-03 

INTAKE 
Owkg-d) 

l-lmlwJ 
QUDTiENT 

2.43E-06 1.21 E-04 
2.04E06 6.60E-03 
3.96E-05 1.99E-03 
6.31 E-07 1.39E-04 

HAZARD INDM = 9.04E-03 

(CWXCRXEFXETXED) 
Intake(mglkg-d)= .._____-____-__-__--_____ 

(BW x AF x AD) 

CW - UL95 chemical concentration in surface water (mgil) 
CR I Contact rate (0.05 Uhr) 
EF = Exposure trequency (7 d/yr) 
ED - Exposure duration (6 yr) 
ET = Exposure time (1 hrlevent) 
BW - Body weight (15 kg) 
AF - Averaging frequency (365 d/yr); and 
AD = Averaging duration. yr (equal to ED for noncarcinogens 
and 70 years tor carcinogens) 

92403Mm12593 E-22 
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TABLE E-22 
REiK FROM SURFACE WATER INGESTlON 
RECEPTDR: CHILD WADING IN WESTERLY BROOK 
USING MEAN VALUES 

CONTAMINANTS OF CONCERN 

SURFACE WATER 
CONCENTRA~ 

CARUNOGENS 0W) 

1 ,1,2.2-TETRACHLOROETHANE 4.20E-02 
ARSENIC 1 .12E-02 
LITHIUM 3.41 E-01 
ml- 1.30E-02 

t4cNaRcImENs 

1.2- DICHLOROETHENE 
ARsmnC 
LITHIUM 
TRIB 

SURFACE WATER 
coNCENTRAnoN 

WWl) 

3.80E-02 
1 .12E-02 
3.41 E-01 
1.30E-02 

CfAL 
SIDE FACTOR 

(mg/kgld)-1 

2.00E-01 
1.75E+OO 

ND 
1 .l OE-02 

OFtAl 

(mg?gId) 

2.00E-02 
3.00E-04 
2.00E-02 
&OOE-03 

INTAKE 
@Wwf) 

2.30E-07 
6.14E-09 
1.87E-06 
7.12E-09 

TOTAL CANCER RISK. 

INTAKE 
O’w@wV 

2.43E-06 
7.16E-07 
2.18E-05 
8.31 E-07 

HAZARD INDEX - 

(CWxCRxEFxETxED) 
Intake(mg/kg-d)., _________---_____________ -__ 

(BW x AF x AD) 

CW - Mean chemical concentration In surlaca water (mgrl) 
CR - Contact rate (0.05 Vhr) 
EF - Exposure frequency (7 d/yr) 
ED I Exposure duration (6 yr) 
ET - Exposure time (1 hr/event) 
BW - Body weight (15 kg) 
AF - Averaging frequency (365 d/w); and 
AD - Averaging duration, yr (equal to ED for noncarcinogens 
and 70 years for carcincgens) 

E-23 

m 

4.60E-08 
l.O7E-07 

tin 
7.94E-10 

1.54E-07 

HAZARD 
cucmm-r 

1.21 E-04 
2.39E-03 
l.O9E-03 
1.39E-04 

3.74E-03 



TABLE E-23 
RISK FROM SEDIMENT INGESTION 
RECEPTOR: CHILD WADING IN LODI BROOK 
USING RME VALUES 

CONTAMINANTS OF CONCERN 

CARCINOGENS 

CHROMIUM 

SEDIMENT ORAL 
CDNCENTRATtON SLOPE FACTOR INTAKE 

bww mwwa-1 (wW4 

669E+91 ND 1.47E-96 

TOTAL CANCER RISK - 

NONCARCINOGENS 

CHROMIUM 
MANGANESE 

SEDIMENT ORAL 
CONCENTRATION RID 

@w4l~ WkvW~ld) 

669E+91 E..OOE-93 
3.168+92 6.69E-93 

INTAKE 
OwWd) 

1.71 E-05 
6.06E-95 

HAZARD INDEX - 

BWxAFx AD 

CS - UL95 chemical cencsntraUon tn sadirnenl (m&g) 
IR . ln.gestlon rate (299 mg’d) 
FI - Fraction ingested from contaminated source (1) 
CF - Conwaion factor (196 k#mg) 
EF - Exposure lrequenoy (7 @r) 
ED - Exposura duration (6 yr) 
BW . Body weigh1 (15 kg) 
AF - Averaging trequerq (365 &yr): and 
AD - Averaging duration. yr (equal to ED tar noncarcinogens 
and 70 years for carcinogens) 

ND 

ND 

HAZARD 
auonwi 

3.42E-93 
1.62P92 

1.96E-92 



TABLE E-24 
RISK FROM SEDIMENT INGESTION 
RECEPTOR: CHILD WADING IN LODI BROOK 
USING MEAN VALUES 

CONTAMINANTS OF CONCERN 

CARCINOGENS 

CHROMIUM 

SEDlMENl ORAL 
CONCENTRATION SLOPE FACTOR INTAKE 

oww mY%w1 OwWd) 

3.63E+CIl ND 3.96E-07 

TOTAL CANCER RISK = 

RISK 

ND 

ND 

SEDIMENT ORAL HAZARD 
CONCENTRATION 

dZMl 
INTAKE QUOTIENT 

NONCARCINOGENS wfww OwW-6) 

CHROMIUM 3.63E+Ol 5.OOE-93 4.64E-06 9.26E-04 
MANGANESE 2.07E+O2 5.00E-93 2.65E-05 5.30E-03 

HAZARD INDEX = 6.23E-03 

CSxIRxFIxCFxEFxED 
Intake(mgkg+ ------ 

BWxAFx AD 

CS = Mean chemical concentration In sediment (rqkg) 
IR - Ingestion rate (190 mgdJ 
FI - Fraction ingesled from ccnlam!nated source (1) 
CF - Conversion lactor (lo-6 kgmg) 
EF = Exposure frequency (7 c&r) 
ED = Exposure duration (6 yr) 
BW - Bcdy weigh1 (15 kg) 
AF -Averaging frequency (365 wr): and 
AD - Averaging duralkm, yr (equal to ED for noncarcinogens 
and 70 years for carcincgens) 

. 
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Residual Radioactivity Progrm, Version 4.60 03/19/93 09:37 Page 1 
sumlary : Flaywood residences, tnit 1, man resident surface, UFRAY1.001, EPA df 
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Residual Radioactivity Program, Version 4.60 03/19/93 09:37 Page 2 
surrnary : Wayuood residences, unit 1, mean resident surface, FlF~AY1.001, EPA df 
File : WFUAYl.ODl 

Net-u 

A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-1 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 
A-l 

-I- 

j II 
Grovd external gmma, votuae DCF's, (mrem/yr)/@Ci/cm**3): 
AC-227+D, soil density = 1.0 g/cm**3 

'AC-227+D, soil density = 1.8 g/cm**3 

A-3 
A-K 
A-3 
A-3 
A-3 

Dose Conversion Factor (and Releted) Paremeter Suerdry 

I 

I 
I ’ 
I ’ 

fh-230 , soil density = 1.0 g/cm**3 
Th-230 , soil density = 1.0 g/cm**3 

Th-232 , soi\ density = 1.0 g/cm**3 
Th-232 , soil density = 1.8 g/cm**3 

u-234 , soil density = 1.0 g/cm**3 
u-234 , soil density = 1.8 g/cm**3 

J*235+D , soil density = 1.0 g/cm**3 
J&235*0 , soil density = 1.0 g/cm**3 

J*23g+D , soil density = 1.0 g/cm**3 
J-23tWD , soil density = 1.8 g/cm**3 

Bepth fsctors, ground external gmana, dimensionless: 
\c-227+D, soil density = 1.0 g/cm**3, thickness = .15 m 

Ac-227+D, soil density = 1.0 g/cm**3, thickness = 0.5 m 
Ac-227+D, soil density = 1.0 g/cm**3, thickness = 1.0 m 
AC-227~. soil density = 1.8 g/cm**3, thickness = .I5 m 

I 
I ’ 
I ’ 

Parameter 

Ps-231 , soil density = 1.0 g/cm**3 
Pa-231 , soil density = 1.8 g/cm**3 

Pb-2lD+D, soil density = 1.0 g/cm**3 
Pb-21O+D, soil density = 1.8 g/cm**3 

Ra-226+D, soil density = 1.0 g/cm**3 
Ra-226+D, soil density = 1.8 g/cm**3 

Re-22WD. soil density = 1.0 g/cm**3 
Re-22O+D, soil density = 1.8 g/an**3 

Th-228+D, soil density = 1.0 g/cm**3 
lh-228+D, soil density = 1.0 g/cm**3 

A-3 ) AC-227+0, soil density = 1.8 g/cm**3, thickness = 0.5 m 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 

Ac*227+D, soil density e 1.8 g/cm**3, thickness e 1.0 m 

Pa.231 , soil density = 1.0 g/cm**3, thickness q .15 m 
Pa*231 , soil density = 1.0 g/cm**3, thickness = 0.5 m 
Pa*231 , soil density = 1.0 g/un*+3, thickness = 1.0 m 
Pa*231 , soil density = 1.8 g/un**3, thickness = .I5 m 
PS.231 , soil density = 1.8 g/cm**3, thickness = 0.5 m 
Pa*231 , soil density = 1.8 g/cm*Q, thickness = 1.0 m 

I 

-I- 

I 
I 
I 

i 

Current ) ) Parameter 
Value 

2.760E+OO 
1.520E+OO 

Z.ZlOE-01 
1.210E-01 

4.870E-03 
2.31DE-03 

1.550E+Ol 
&560E+OO 

S.lgOE+OO 
4.51DE+OO 

1.330E+01 
7.360E+OO 

Z.llOE-03 
l.O30E-03 

1.35DE-03 
6.D40E-04 

1.5gOE-03 
6.9701-04 

8.940E-01 
4.900E-01 

1.270E-01 
6.970E-02 

7.900E-01 
9.700E-01 
l.ODDE+OO 
9.100E-01 
l.OOOE+OD 
l.ODOE+OO 

7.900E-01 
l.OOOE+DO 
l.OODE+DD 
9.200E-01 
l.OOOE+OO 
l.OOOE+OO 

Default 1 NSIW 
1 

2.760E+OO 
1.520E+OO 

2.21DE-01 
1.210E-01 

4.870E-03 
2.310E-03 

1.550E+Ol 
8.5608+00 

8.1gOE+OO 
4.510E+OO 

1.330E+07 
7.3608+00 

2.llOE-03 
l.O3DE-03 

1.350E-03 
6.0408-04 

1.580E-03 
6.9702-04 

&94DE-01 
4.900E-01 

1.270E-01 
6.970E-02 

7.900E-01 
9.700E-01 
l.ODOE+OD 
9.100E-01 
l.OOOE+OO 
l.OOOE+OO 

7.9OOE-01 
l.OOOE+OO 
l.OOOE+OO 
P.ZOOE-01 

DCFl( 1.1.) 
DCFl( 1.2) 

DCFl( 2.11 
DCFl( 2,2) 

DCFl( 3.11 
DCFl( 3.2) 

DCFl( 4,l) 
DCFl( 4,21 

DCFl( 5.1) 
DCFl( 5.21 

DCF1( 6,l) 
DCFl( 6.2) 

DCFl( 7,l) 
DCFlf 7,2) 

DCFl(: 8.1) 
DCFl( 8.2) 

DCFl( 9.1) 
DCFlt 9,2) 

DCFl(lO,l) 
DCFl(lO,Z) 

DCFl(11.1) 
DCFl(11, 2 

FD( 1,2,2) 
FM 1,3,2) 

FD( 2,1,11 
FD( 2,2,1) 
FD( 2,3,1) 
FD( 2,1,2) 

FD( 1.1. 
FD( 1,2, 
FDt 1.3, 
FD( 1.1, 

l.OOOE+OD ) FD( 2,2,2) 
l.OODE+OO 1 FD( 2,3,21 

I 
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I 

Residual Radioactivity Program, Ver 
Sumery : ~eyuocd residences, unit 

File : WFHAY1.001 

I J-F 

Menu 1 

's 

A-3 i 

I 

1 
A-3 1 
A-3 ( 
A-3 ( 
A-3 ) 

1 
I 

A-3 1 

I 

A-3 ) 

I 

1 J 
A-3 ) 
A-3 ) 
A-3 1 
A-3 1 

1 

A-3 1 
A-3 1 1 
A-3 

r 

A-3 
A-3 

u A-3 

I A-3 

I A-3 ( I 
A-3 1 I 

sion 4.60 03/19/n , D9:37 Page 3 
1, mean resident surface, RFFlAY1.001, EPA df 

Dose Conversion Factor (end Related) Paremeter Summry (continued) 

Parameter 

pb-210+0, soil density = 1.0 g/cm**3, thickness = .15 m 
Pb-2lO+D, soil density = 1.0 g/cm**3, thickness = 0.5 m 

Pb-ZlO+D, soil density = 1.0 g/cm**3, thickness = 1.0 m 
Pb-ZlO+D, soil density = 1.8 g/cm**3, thickness = .I5 m 
Pb-ZlO+D, soil density 5 1.8 g/mr**3, thickness = 0.5 m 
Pb-ZlO+D, soil density = 1.8 g/cm**3, thickness = 1.0 m 

Re-226+D, soil density = 1.0 g/ctn**3, thickness = .15 m 
Ra-226+D, soil density i: 1.0 g/cm**3, thickness q 0.5 m 
Re-226+D, soil density e 1.0 g/cm**3, thickness = 1.0 m 
Re-226+D, soil density = 1.8 g/cm**3, thickness = .15 m 
Ra-226+0. soil density = 1.8 g/cm**3, thickness = 0.5 m 
Rs-226+D, soil density = 1.8 g/&*3, thickness = 1.0 m 

Ra-228+D, soil density = 1.0 g/wn**3, thickness = .15 m 
Ra-228+D, soil density = 1.0 g/&*3, thickness q 0.5 m 
Rs-228+D, soil density = 1.0 g/cm**3, thickness = 1.0 m 
Ra-228tD. soil density = 1.8 g/cm**3, thickness = .15 m 
Re-228+D, soil density = 1.8 g/&*3, thickness = 0.5 m 
Ra-228+D, soil density = 1.8 g/cm**3, thickness = 1.0 m 

- A-3 1 

I A-3 1 Th-228+D, soil density = 1.0 g/cm**3, thickness = .15 m 

Th-228+D, soil density = 1.0 g/r&*3, thickness = 0.5 m 
Th-228+D, soil density = 1.0 g/&*3, thickness = 1.0 m 
Th-228+D, soil density e 1.8 g/cm**3, thickness = .15 m 
Th-228+D, soil density = 1.8 g/&*3, thickness = 0.5 m 
Th-228+D, soil density = 1.8 g/cm**3, thickness = 1.0 m 

Th-230 , soil density = 1.0 g/&*3, thickness = .15 m 
Th-230 , soil density e 1.0 g/c&+3, thickness = 0.5 m 
Th-230 , soil density = 1.0 g/cm**3, thickness = 1.0 m 
Th-230 , soil density = 1.8 g/cm**3 thickness = .15 m , 
Th-230 , soil density 6 1.8 g/cm**3, thickness = 0.5 m 

1 density = 1.8 g/cm**3, thickness = 1.0 m 

A-3 1 
A-3 ) 
A-3 

I A-3 

1 
A-3 ) 

1 
A-3 1 

I 

A-3 ) 
A-3 1 
A-3 1 

I A-3 1 
A-3 ( 
A-3 ) Th-230 , soi 
A-3 i 

II 

A-3 i Th-232 , soi 
A-3 1 Th-232 , soi 
A-3 ) Th-232 , soi 

E -3 -3 1 I 
Th-232 , soi 
Th-232 , soil density = 1.8 

A-3 1 Th-232 , soil density = 1.8 

~a -3 -3 -3 I I 
I 

A-3 1 

t -3 -3 i I 
A-3 ( 

1 -3 i 

1 density = 1.0 g/cm**3, thickness = .15 m 
1 density = 1.0 gIcm**3, thickness = 0.5 m 
I density q 1.0 g/cm**3, thickness = 1.0 m 
1 density = 1.8 g/cm**3. thickness = .I5 m 

m 

u-234 , soil density = 1.0 g/cm**3, thickness q .15 m 
U-234 , soil density = 1.0 g/cm**3, thickness = 0.5 m 
U-234 , soil density = 1.0 g/cm*+3, thickness = 1.0 m 
u-234 , soil density = 1.8 g/cm**3, thickness = .15 m 
u-234 , soil density = 1.8 g/cm**3, thickness = 0.5 m 
u-234 , soil density = 1.8 g/cm**3, thickness = 1.0 m 

g/cm**3, thickness = 0.5 
g/cm**3, thickness q 1.0 m 

F-5 

Value 

8.800E-01 
l.OOOE+OO 
l.OOOE+OO 
9.700E-01 
l.OOOE+OO 
l.OOOE+OO 

6.300E-01 
9.2DDE-01 
l.OOOE+OO 
8.500E-01 
l.OOOE+OO 
l.OOOE+OO 

6.800E-01 
9.700E-01 
l.OOOE+DO 
8.500E-01 
l.DOOE+OO 
l.OOOE+OO 

I 6.100E-01 

1 
9.400E-01 
l.DODE+OD 

1 7.500E-01 
1 l.OOOE+OO 
1 l.DOOE+OO 

; 9.300E-01 
( l.DOOE+OO 
( l.OOOE+OO 
1 l.OOOE+OO 
1 l.OOOE+OO 
) l.OOOE+OO 

I 

1 Current I 
I 

+ 

9.500E-01 
l.DDOE+DO 
l.O00E+00 
l.ODDE+OO 
l.OOOE+OO 
l.DOOE+OO 

9.000E-01 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 

I 

Default 

8.800E-01 
l.OOOE+OO 
l.OOOE+OO 
9.700E-01 
l.OOOE+OO 
l.OOOE+OO 

6.300E-01 
9.20DE-01 
l.OOOE+OO 
8.500E-01 
l.OOOE+OO 
l.ODOE+OO 

6.800E-01 
9.700E-01 
l.OOOE+OD 
8.500E-01 
l.OOOE+OO 
l.OOOE+OO 

6.100E-01 

I 
I 
t 

I 

Parameter 
Name 

FD( 3,l.l) 
FD( 3,2,1) 
FD( 3,3,1) 
FD( 3,1,2) 
FD( 3.2.2) 
FD( 3.3.2) 

FD( 4.1,1) 
FD( 4.2.1) 
FD( 4,3,11 
FD( 4.1.2) 
FD( 4.2.21 
FD( 4.3.2) 

FD( 5,l.l) 
FD( 5.2.1) 
FD( 5,3,1) 
FD( 5,1,21 
FD( 5.2.2) 
FD( 5,3,2) 

FDt 6.1.1) 
9.40OE-01 ( FD( 6,2,1) 
l.OOOE+OD ) FD( 6,3,1) 
7.500E-01 1 FD( 6,1,2) 
l.OOOE+OO 1 FD( 6,2,2) 
l.OOOE+OO 1 FD( 6,3,21 

I 
9.300E-01 ( FD( 7.1,1) 
l.DOOE+OO ( FDf 7,2,1) 
l.OOOE+OO 1 FD( 7,3,1) 
l.OOOE+OO 1 FD( 7,1,2) 
l.OOOE+OO 1 FD( 7.2,2) 
l.OOOE+OO 1 FD( 7,3,21 

I 
9.500E-01 
l.ODOE+DO 
l.OOOE+OO 
l.OOOE+OO 
1.000~+00 
l.OOOE+OO 

9.00DE-01 
l.DOOE+OD 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
1.000E+00 

FD( g,l,l) 
FDt 8.2.1) 
FD( 8,3,1) 
FD( 8,1,2) 
FD( 8,2,2) 
FD( 8.3.21 

FD( 9,1,11 
FDt 9,2,1) 
FDt 9,3,1) 
FD( 9,1,2) 
FD( 9,2,2) 
FD( 9,3,2) 



Residual Radioactivity Program, Version 4.60 03/19/93 D9:37 Page 4 
sumwy : Wayuocd residences, unit 1, mean resident surface, WFHAY1.001, EPA df 
File 

nenu 

A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 

B-1 
B-1 
8-I 
E-1 
B-1 
6-l 
B-l 
B-l 
B-1 
B-1 
B-1 
B-1 

D-l 
D-l 
D-1 
D-l 
D-l 
D-l 
D-l 
D-l 
D-l 
D-l 
D-l 
D-l 

D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 

Parameter 

U-235tD , soil density = 1.0 g/&*3, thickness = .15 m 
U-235+0 , soil density = 1.0 g/cm*Y, thickness = 0.5 m 

w235+D , soil density = 1.0 g/&*3, thickness = 1.0 m 

U-235+D , soil density = 1.8 g/cm**3, thickness = .15 m 

U-235+D , soil density = 1.8 g/&*3, thickness = 0.5 m 

&235+D , soil dansity = 1.8 g/cmf*3, thickness = 1.0 m 

u-238+D , soil density = 1.0 g/cnP*3, thickness = .15 m 
U-2338+0, soil density = 1.0 g/cm'*3, thickness q 0.5 m 
u-23&D , soil density I 1.0 g/cm**3, thickness = 1.0 RI 
U-238+D , soil density = 1.0 g/cm+*3, thickness = .15 m 
u-238+D , soil density = 1.8 B/&*3, thickness = 0.5 m 
u-238+D , soil density = 1.8 g/csf*3, thickness = 1.0 m 

Dose conversion factors for dust inhalation, mrem/pCi: 
AC-227+D 
pa-231 
Pb-21D+D 
Ra-226+D 
Ra-228+0 
Th-228+D 
Th-230 
Th-232 
U-234 
U-235+D 
U-238+0 

Dose conversion factors for ingestion, mrem/pCi: 
Ac-22m 
Pa-231 
Pb-21O+D 
Ra-226+D 
Ra-22B+n 
Th-228+D 
Th-230 
ITh-232 
U-234 
IJ-235+D 
U-BB*D 

: cIFlUY1.001 

Dose Conversion Factor (and Related) Paremeter Summry (continued) 

food transfer factors: 
AC-227+D, plant/soil concentration ratio, djmensionless 
&z-227+0, beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
AC-22?+D, milk/livestock-intake ratio, (pCi/L)/@Ci/d) 

Pa-231 , plant/soil concentration ratio, dimensionless 
Pa-231 , beef/livestock-intake ratio, (pCi/kgI/(pCi/d) 
Pa-231 , milk/livestock-intake ratio, @Ci/L)/(pCi/d) 

F-6 

I 
I 

+ 

I 

I 

I 

I 

I 

I 

i 

I 

1 

I 

Current 
Value 

8.70DE-01 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 

7.800E-01 
1.000E+00 
1.000E+00 
8.80DE-01 
l.OODE+OD 
l.OOOE+OO 

6.700~+00 
4.3DOE+OO 
2.100E-02 
7.9006-03 
4.5001-03 
3.100E-01 
3.2DDE-01 
1.600E+00 
4.300E-01 
4.200E-01 
1.200E-01 

1.500E-02 
1.100E-02 
6.700~-03 
1.100E-03 
1.200~-03 
7.500E-04 
5.300E-04 
2.8008-03 
2.6DOE-04 
2.500~.04 
2.5001-04 

2.500E-03 
5.000E-03 
Z.SOOE-06 

2.500E-03 
5.000E-03 
2.500E-06 

Default 
I 

+ 

1 

I 

I 

i 
I 

: 

I 
I 

I 
1 

Parameter 
Ham 

8.700E-01 
l.OOOE+OO 
1.000E+00 
1 .OOOE+OO 
1.000E+00 
1.000E+00 

FD(lO,l,l) 
FD(10,2,1) 
FD(10,3,1) 
FDtl0,l.Z) 
FDt10,2,2) 
FD(10,3,2) 

7.800E-01 
l.OODE+OO 
l.OOOE+OO 
8.8DOE-01 
1.000~+00 
l.OOOE+OO 

I 
I 

+ 

1 

/~ 
;I 
I ’ 

FD(ll,l,l) 
FD(11,2,11 
FD(11,3,1) 
FD(11,1,2) 
FD(lI,Z,t) 
FD(11,3,2) 

6.700~+00 
1.300E+DO 
2.100E-02 
7.900E-03 
4.500E-03 
3.100E-01 
3.200~-01 

DCF2f 1) 
DCF2( 2) 
DCF2( 3) 
DCFZ( 4) 
DCF2t 5) 
DCF2( 6) 
DCFZ( 7) 

1.600E+OO 1 DCFZ( 81 
1.300E-01 1 DCFZ( 9) 
1.200E-01 1 DCFZ(10) 
1.200E-01 1 DCFZ(11) 

I 
t 

1.500E-02 / DCF3( II 
1.100E-02 1 DCF3( 21 
6.700E-03 1 DCF3( 3) 
l.lOOE-03 ) DCF3f 4) 
1.200E-03 1 DCF3( 5) 
7.500E-04 1 DCF3( 6) 
5.300E-04 1 DCF3( 7) 
2.80DE-03 1 DCF3( 8) 
2.600~-04 j DCF3( 9) 
2.500%~04 1 DCF3(10) 
2.500~.04 I DCF3(11) 

2.500E-03 j RTF( 1,l) 
5.000E-03 1 RTF( 1.21 
2.500E-06 1 RTF( 1,3) 

I 
2.500E-03 1 RTF( 2,ll 
5.000E-03 1 RTF( 2,Pl 
2.500E-06 I RTF( 2,3) 

I 

1 
1 
I 
1 
i 
I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
I 
1 
‘I 
a 
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summry : Raywood residences, vlit 1, mean resident surface, RFRAY1.OO1, EPA df 
File 

I 

a- 
Menu 

I 
I 

t 
D-34 

I 

D-34 
D-34 
D-34 

a 

D-34 
D-34 
D-34 
D-34 

a 
D-34 
D-34 
D-34 

I 

D-34 
D-34 
D-34 

a 

D-34 
D-34 
D-34 
D-34 

a 

D-34 
D-34 
D-34 

a 

D-34 
D-34 
D-34 

lh-228+D, plant/soil concentration ratio, dimensionless 
Th-228+D, beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
Th-228+D, milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

I 

D-34 
D-34 
D-34 
D-34 

a 

D-34 
D-34 
D-34 

a 

D-34 
D-34 
D-34 
D-34 

I -5 
D-5 

IO 

-5 
-5 

D-5 

a 

-5 
-5 
-5 

D-5 

I 
-5 
-5 

D-5 
-5 

I 5 
D-5 

1 

I 

I’ 
11 
I, 
I 
I 

I 

/ 

i 

/ 

/I 
I 

I’ 

It 

II 
/ 

Ii 

11 
I ’ 

II 
I ’ 

II: 
I 6 

IF 
I k 

Th-230 , plant/soil concentretion ratio, dimensionless 
Th-230 , beef/livestock-intake ratio, tpCi/kg)/(pCi/d) 
Th-230 , milk/livestock-intake ratio, @Ci/L)/(pCi/d) 

Th-232 , plant/soil concentration ratio, dimensionless 
Th-232 , beef/livestock-intake ratio, CpCi/kgB)/@Ci/d) 
Th-232 , milk/livestock-intake ratio, @Ci/L)/(pCi/d) 

u-234 , plant/soil concentration ratio, dimensionless 
u-234 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
u-234 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

U-235+D , plent/soil concentration ratio, dimensionless 
U-235+0 , beef/livestock-intake retie. (pCi/kg)/(pCi/d) 
U-235+D , milk/livestock-inteke ratio, (pCi/L)/(pCi/d) 

U-238+D , plant/soil concentration ratio, dimensionless 
U-238+D i beef/livestock-intake ratio, @Ci/kg)/(pCi/d) 
U-238+D, milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

Sioaccuwlation factors, fresh water, L/kg: 
kc-227+D, fish 
\c-227+D, crustacea end mollusks 

'a-231 , fish 
Pa-231 , crustacea and mollusks 

'b-21D+D, fish 
'b-ZlO+D, crustacea and mollusks 

La-226+D, fish 
La-226+D, crustecea and mollusks 

la-228+D, fish 
La-228+D, crustacea and ewllusks 

: MFPAY1.OO1 

Dose Conversion Factor (and Related) PararMer Surmary (continued) 

Parameter 

Pb-2lO+D, plant/soil concentration ratio, dimensionless 
Pb-ZlO+D, beef/livestock-intake ratio, @Ci/kgMpCi/d) 
Pb-ZlD+D, milk/livestock-intake ratio, tpci/L)i(pcitd) 

Ra-226+D, pLent/soil concentration ratio, dimensionless 
Re-226+D, beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
Ra-226+0, milk/livestock-intake ratio, (pCi/L)/(pWdl 

Ra-228+D, plant/soil concentration ratio. dimensionless 
Ra-22B+D, beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
Ra-228+D, milk/livestock-intske ratio, (pCi/L)/(pCi/d) 

F-7 

Current 
Value 

6.80DE-02 
9.900E-04 
l.OOOE-OS 

1.400E-03 
9.900E-04 
2.000E-04 

1.400E-03 
9.900E-04 
2.000E-04 

4.200E-03 
5.000E-03 
2.500E-06 

4.200E-03 
5.DDOE-03 
2.500E-06 

4.200E-03 
5.000E-03 
2.500E-06 

2.500E-03 
5.0DOE-03 
6.000E-04 

2.500E-03 
5.000E-03 
6.000E-04 

2.50DE-03 
5.000E-03 
6.000E-04 

2.500E+Ol 
1.000E+03 

I 
I 

+ 
I 
I 
I 

/ 

1, 
I I 
I 
I 

I! 
I 1 
I 

I! 
I 1 

I, I 
II 

I Parameter 
Default I Neme 

I 
I 

6.BDOE-02 1 RTF( 3,l) 
9.900E-04 1 RTF( 3.2) 
l.ODDE-05 \ RTFL 3.3) 

I 
1.400E-03 ( RTF( 4.1) 
9.900E-04 1 RTF( 4.2) 
2.OOOE-04 1 RTF( 4,3) 

I 
1.400E-03 { RTF( 5.1) 
9.900E-04 1 RTF( 5,2) 
2.000E-04 1 RTFf 5.3) 

I 
4.200E-03 
5.000E-03 
2.500E-06 

4.200E-03 
5.DOOE-03 
2.500E-06 

4.200E-03 
5.000E-03 
2.500E-06 

2.500E-03 
5.000E-03 
6.000E-04 

2.500E-03 
5.DOOE-03 
6.000E-04 

2.5DOE-03 
5.000E-03 
b.OOOE-04 

2.500E+Ol 
1.000E+03 

1 1.100E+01 1 1.100E+01 
1 1.100E+02 1 l.lOOE+02 

I 
1 l.OOOE+02 
1 1.000E+02 

i 5.000E+Ol 
2.500E+02 

5.000E+Ol 
2.500Et02 

1.000E+02 
1.000E+02 

5.000E+01 
2.500Et02 

5.000E+Ol 
2.500E+OZ 

RTF( 6.11 
RTFf 6.2) 
RTF( 6,3) 

RTFf 7,l) 
RTFL 7,2) 
RTF( 7.3) 

RTF( B,l) 
RTFL 8,21 
RTF( 8.3) 

RTF( 9.1) 
RTF( 9,2) 
RTF( 9.3) 

RTF(lO,l) 
RTF(10.2) 
RTF(10.3) 

RTF(l1.1) 
RTF(11.2) 
RTF(11.3) 

BIOFACf I,11 
BIOFAC( 1,2) 

BIOFAC( 2.11 
BIOFAC( 2,2) 

BIOFAC( 3.1) 
BIOFAC( 3,2) 

BIOFAIX 4,l) 
BIOFAC( 4,21 

BIOFACf 5,l) 
BIOFAC( 5,2) 
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sulmary : Haywood residences, wit 1, maan resident surface, WFcu\Yl.OOl, EPA df 

I 
wenu ( 

t D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 

U-238*D , fish 
ll-23i3+D , cruatacea and mollusks 

File : MFMYl.001 

Dose Conversion Factor (and Related) Permater Summry (continued) 

Parmater 

Th-228+D, fish 
Th-22&D, crustacaa and mollusks 

Th-230 , fish 

1 Currant 1 

I Valw ( Default 
I 

I I 
1 3.00DEtOl 1 3.000E+Ol 
1 5.0DOE+OZ 1 5.000E+02 

I 
; 3.000E+Ol 1 3.000E+Dl 

I + 

Th-230 , crustacea and mollusks 1 5.000Et02 

I 
Th-232 , fish 
Th-232 , crustacea and mollusks 

u-234 , fish 
u-234 , crustaces end mollusks 

U-235+0 , fish 
U-235+D , crustecea and mollusks 

i 

3.000E+Ol 
5.000E+02 

2.000E*OD 
6,0DOE+Ol 

2.000E+OO 
6.000E+Ol 

2.000E+OO 
6.000E+Ol 

5.000E+02 

3.000E+Ol 
5.0DDE+02 

2.00DE+OO 
6.00DE+Ol 

2.000E+OO 
6.00DE+Ol 

Parameter 
Name 

I 
I 

BIOFAC( 6,l) 
BIOFAC( 6.2) 

BIOFAC( 7.1) 
BIOFAC( 7,2) 

BIOFAC( 8,l) 
BIOFAC( 8.2) 

BIOFAIX 9,l) 
BIOFAC( 9.2) 

BIOFAC(10.1) 
BIOFAC(lO,Zl 

I 
2.0DOE+OO 1 BIOFAC(l1,1l 
6.000E+Ol 1 BIOFAC(ll.2) 

F-8 
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Summy : Ueywocd residences, vdt 1, mean resident surface, MFMAYl.OO1, EPA df 
File 

I 

: IIFRAYl.001 

Site-Specific Parameter Summry 

3.000E+DD 
l.OOOE+Ol 
3.000E+Ol 
l.OOOE+02 
3,000E+02 
l.OOOE+03 
3.000E+03 
l.OOOE+O4 

I< 

I 
Menu 1 Paremeter 

I 
I + 

I 

Roll 1 Area of contaminated zone (m**t) 1 8.000E+02 

Roll 1 Thickness of contaminated zone fm) 1 1.500E-01 

Roll 1 Length parallel to aquifer flow (m) l.OOOE+02 

Roll 1 Basic radiation dose limit (mrem/yr) l.OOOE+02 

1 

Roll 1 Time since placement of material (yr) O.OOOE+OO 

Roll 1 Times for calculations (yr) l.OOOE+DO 

Roll 1 Times for calculations (yr) 3.000E+OO 

I 

RDII 1 Times for calculations (yr) l.OOOE+Ol 

RDll 1 Times for calculations (yr) 3.0DOE+Ol 

Roll ) Times for calculations (yr) l.OOOE+02 

Roll I Times for calculations fyr) 1.500E+02 

I 

Roll ( Timas for calculations (yr) 3.000E+02 

Roll 1 Times for calculations (yr) l.OOOE+03 

RDll I Times for calculations (yr) 3.000E+03 

I 

I 
ROl2 I Initial principal radionuclida (pCi/g): AC-227 1 1.700E-01 
R012 ) tnitial principal radionuclide (pci/g): Pa-231 1.70DE-01 

1 

ROl2 ( Initial principal radionuclide (pCi/g): Pb-210 5.200E-01 
R012 1 

I 
Initial principal radionuclide (pCi/g): Ra-226 5.20DE-01 

R012 ( Initial principal radicnwlide (pCi/g): Re-228 2.8BOE+OO 
ROl2 1 Initial principal radionuclida @G/g): Th-228 2,88DE+OO 

I 

RO12 1 Initial principal radiorvlclida (pCi/g): Th-230 3.390E+OO 
RDl2 1 Initial principal radionuclide @G/g): Th-232 2.880E+OO 
RD12 I Initial principal radionuclida (pCi/g): U-234 3.3901+00 

I 

ROl2 1 Initial principal rediowclide @Ci/g): U-235 1.700E-01 
R012 ( Initial principal radionuclide (pCi/g): U-238 3.390E+OD 
R012 1 Concentretion in growidnater (pCi/L): AC-227 not used 

Concentration in groimduater 

I 

R012 1 (pCi/L): Pa-231 not used 
R012 ) Concentration in groundwater fpCi/L): Pb-210 not used 
ROl2 1 Concentration in groindnater (pCi/L): Ra-226 not used 
R012 1 / Concentration in groundmater (pCi/L): Ra-228 not used 

I 

R012 1 I Concentration in grovdvater (pCi/L): Th-228 not used 
R012 ) I Concentration in groinduater @G/L): Th-230 not used 
R012 1 I :oncentretion in groindwater @G/L): Th-232 not used 

I 

R012 ( I 
I ’ 

:oncantration in grourduater (p-Ci/L): u-234 not used 
R012 1 I 

I ’ 
:oncentratiom in grovduater (pCi/L): U-235 not used 

R012 1 
I ’ 

Concentration in grouiduater (pCi/L): U-238 not used 

O.OOOE+OO 
O.DDDE+OD 
O.OOOE+OD 
O.OOOE+DD 
O.OOOE+OO 
0.000E+00 
O.OOOE+OD 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
D.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
D.OOOE+OO 
O.OODE+OO 
D.OOOE+DO 
D.OOOE+OD 
6.000E+OO 
O.OOOE+OO 

I 

I 
R013 I Cover depth (m) O.OOOE+OO 
R013 ) i Density of cover material (g/em**3) not used 
R013 1 Cover depth erosion rate (m/yr) not used 

I 

R013 1 I Density of contaminated zone (g/cm**3) 1.600E+00 
R013 1 I Contaminated zone erosion rate (mJyr) l.OOOE-03 
R013 ( I Contaminated zone total porosity 4.50DE-01 
R013 ) I 

% 

Contaminated zone effective porosity 2.600E-01 
013 I I :ontaminata-d zone hydraulic conductivity (m/yr) 1.230E+02 
013 I I Zontaminated zone b parameter 5.300E+OO 

R013 1 I 

% 

iunidity in air (g/cm**3) not used I' 
013 1 I ivspotranspiration coefficient 4.600E-01 
013 I Precipitation (m/yr) 1 l.O70E+DO j 

, 

Default 

l.OOOE+04 j 
l.DOOE+OO I 
l.OODE+D2 1 
l.OOOE+02 ( 
O.OOOE+OO 1 
l.OOOE+DO ( 

O.OOOE+OO 
1.600E+OO 
l.OOOE-03 

1.600E+00 
l.OOOE-03 
4.0DDE-01 
2.000E-01 
l.OOOE+Ol 
5.300E+DO 
B.OOOE+OO 
b.OOOE-01 
l.OOOE+OO 

F-9 

Used by RESRAD 
(If different from user input) 

___ 
--_ 
__- 
--_ 
___ 
_-_ 
--_ 
___ 
___ 
___ 
___ 
___ 
___ 
___ 

___ 
-__ 
___ 
___ 
___ 
___ 
___ 
-__ 
___ 
___ 
--_ 
--- 
___ 
__- 
___ 
-__ 
--- 
--_ 
___ 
--_ 
___ 
--- 

__- 
--- 
--- 
__- 
___ 
___ 
-__ 
--- 
-__ 
--_ 
--_ 
--_ 

I 
I 

+ 
AREA 
THICK0 
LCZPAP 
BRLD 
11 

rr 2) 
rr 3) 
rr 41 
rr 5) 
TI 6) 
r( 7) 
r( 81 
TI 91 
T(l0) 

I 
I 

11 
I 
; : 

/; 

1 : 

.I 
I 1 
I ’ 
I ’ 
I ’ 

I 
I’ 
I ’ 
I ’ 
I ’ 
I ’ 

SC 1) 
SC 2) 
sr 31 
SC 4) 
sr 5) 
Sr 61 
SC 7) 
SC 8) 
SC 9) 
X10) 
Sill) 
UC 11 
UC 21 
ur 3) 
UC 4) 
UC 5) 
J( 6) 
d( 7) 
dl 8) 
d( 9) 
U(10) 
Ulll) 

Parameter 
Hama 

COVER0 
DEHSCV 
vcv 
DENSCZ 
vcz 
TPCZ 
EPCZ 
HCCZ 
BCZ 
HUMID 

1 EVAPTR 
1 PRECIP 



Residual Radioactivity Program, Version 4.M) 03/19/93 09:37 Page 8 
smwy : FIayuood residences, wit 1, mean resident surface, RFRAYl.001, EPA df 
File : FIFMAYl.001 

I 

Site-Specific Parameter Swaary (continued) 

Wend ( 
I 

Parameter 

R013 
R013 
R013 
R013 
R013 

ROl4 
RD14 
R014 
R014 
R014 
R014 
RD14 
R014 

I Irrigation Wyr) 
Irrigation mode 

I Rimoff coefficient 
Uatershed area for nearby stream or pond (m**2) 

I Accuracy for mater/soil ccqwtations 

i Density of saturated zone (g/cm*3) 

I 
Saturated zone total porosity 
Saturated zons effective porosity 

I Saturated zone hydraulic conductivity (m/yr) 
Saturated zone hydraulic gradient 
Saturated zone b parawter 

/; 
Uatcr table drop rate (mlyr) 
Well p+mp intake depth (m belffl water table) 

R014 I Wodel: Rondispersion (ND) or Mass-Balance fFi8) 
RD14 / Individualrs use of grouxiuatcr (m**3/yr) 

ROlI 
ROlI 
ROlf 
ROlf 
Roll 
ROlS 
ROlS 

R016 
ROlC 
R016 
ROl6 
ROl6 

R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
ROl6 

I 
i 11 

i (I 

i 11 

i I 
i I 
i I 
i I 

I 
i I 

1; 

~1 

!I 

I 1 

iE 

I 

Mm&er of unsaturated zone strata 
Unsat. zone 1, thickness (m) 
Unsat. zone 1, soil density (g/cm**3) 
IUnset. zone 1, total porosity 
,Unsat. zone 1, effective porosity 
Unset. zone 1, soit-specific b paremeter 
Unsat. zone 1, hydraulic conductivity (m/yr) 

Distribution coefficients for AC-227 
Contaminated zone (cnP*3/gl 
Unsaturated zone 1 tan'*3/9) 
Saturated *one (cm**3/9) 
Leach rate (/yr) 

Distribution coefficients for Pa-231 
Contaminated zone (cm+*3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 

Gstribution coefficients for Pb-210 
Conte4ninated zone (cm**3/9) 
Unsaturated zone 1 (&*3/g) 
Saturated *one (cm**3/9) 
Leach rate (/yr) 

ristribution coefficients for Ra-226 

Contaminated zone tcm**3/g) 
Unsaturated zona 1 fcm**3/g) 
Saturated zone (cm**3/g) 
Leach rate t/yr) 

User 

Input 
I I Used by RESRAD ) Parameter 

Default 1 (If different from user input) 1 NSIW I 
+ 

2.0DOE-02 
overhead 
2.500E-01 
5.5751+04 
l.OOOE-03 

J 
/ 

I 
I 

/ 

I 

1 

2.000E-01 
overhead 
2.00DE-01 
l.OODE+06 
l.OOOE-03 

1.600E+oO 
4.500E-01 
2.600E-01 
1.230E+02 
l.OOOE-01 
5.300E+OO 
l.OOOE-04 
l.OOOE+OO 
ND 
not used 

1.600E+OO 
4.000E-01 
2.000E-01 
l.OOOE*02 
2.000E-02 
5.300E+OO 
l.OOOE-03 
l.OOOE*0l 
NO 
1.500E*02 

1 1 
l.OOOE-01 4.000E+OO 
1.600E+00 1.600E+OO 
4.500E-01 1 4.0DDE-01 
2.60DE-01 1 Z.OOOE-01 

) 5.900E+OO ) 5.300E+OO 1 

RI 
IDITCH 
RUHOFF 
UAREA 
EPS I 

DENSAP 
TPSZ 
EPSZ 
HCSZ 
HGUT 
BSZ 
M 
DUIBWT 
UODEL 
UU 

1 1.230E+OO 1 l.ODOE+02 

I 

HS 

HI11 
DENSUZIl) 
TPUZII) 
EPUZ(l) 
BW 1 I 
HCUZ(l) 

2.OOOE+Ol 
2.000E+Ol 
2.000E+Ol 
O.OOOE+OO 

i 
I 

1 
I 
B 
I 
I 
1 
I 
I 

DCACTLX I) 
DCACTUL 1,l) 
DCACTSI 1) 
RLEACM 1) 

I 

2.OOOE+O1 
2.000E+Ol 
2.000E+Ol 
O.OOOE+OO 

5.00OE+01 
5.000E+Ol 
5.000E+Ol 
O.OOOE+OD 

l.OOOE+02 
l.OOOEt02 
l.OOOE+Oi! 
O.OOOE+OO 

7.000E+Ol 
7.000E+Ol 
7.000E+Ol 
O.OOOE+OO 

5.OOOE+Ol 
S.OOOE+Ol 
5.000E+Ol 
O.OOOE+OO 

l.OOOE+OZ 
l.OOOE+02 
l.OOOE+02 
O.OOOE+OO 

7.000E+Ol 
7.000E+Ol 
7.000E+Ol 
O.OOOE+OO 

w.e 
_-_ 
_-_ 

9.168E-02 

__. 
___ 
___ 

3.688E-02 

sm. 
me. 
__. 

1.847E-02 

__- 
__- 
__- 

2.637E-02 

I 
1 DCACTCI 3) 
( DCACTU( 3,l) 
( DCACTS( 3) 
) RLEAGW 3) 

I I 
I 
( DCACTC( 4) 
1 DCACTU( 4,l) 
) DCACTS( 4) 
1 RLEACH( 41 

I 

DCACTCf 2) 0 

DCACTU( 2,l) 
DCACTSL 21 
RLEACH( 2) II 

F-10 I 
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smry : Naymood residences, vlit 1, mean resident surface, NFMAY1.001, EPA df 
File : HFMAYl.001 

Site-Specific Parameter Sumwy (continued) 

I Used by RESRAD 1 Parameter 
Default ) (If different from user input) ) name 

User 

l”w 

I 
I 

+ 

I 
I 

+ 
Perameter 

1 R016 ) 

I 
ROl6 ) 
R016 ) 
R016 ) 
R016 1 

Distribution coefficients for Ra-228 
contaminated Lone (cm**3/gl 
Unsaturated zone 1 (cm**3/g) 
saturated zone (cm*Y/g) 
Leach rate (/yr) 

I i 
R016 I 
R016 I 

I 

R016 I 
R016 I 
R016 ) 

Distribution coefficients for Th-228 
Contaminated zone (cm**3&) 
Unsetureted zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 

Distribution coefficients for Th-230 
Contaminated zone (cm**3/g) 
Unsetureted zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 

I 
I 

ROl6 ( 
R016 1 Contaminated Rone (&*3/g) 

Distribution coefficients for Th-232 

1 DCACW 5) 
1 DCACW 5,l) 
1 DCACTS( 5) 
1 RLEACH( 5) 

I 

7.000E+Ol 
7.000E+Ol 
7.000E+Ol 
O.OOOE+OO 

7.000E+Ol 
7.000E+Ol 
7.000E+Ol 
O.OOOE+OO 

__- 
__- 
___ 

2.637E-02 

___ 
--- 
___ 

3.084E-05 

-__ 
-_- 
___ 

3.084E-05 

-_- 
___ 
--_ 

3.064E-05 

___ 
-_- 
-_- 

3.688E-02 

___ 
___ 
___ 

3.688E-02 

___ 
--- 
___ 

3.688E-02 

--_ 
--- 
___ 
___ 
___ 
-__ 
_-_ 
___ 

DCACTC( 6) 
DCACTW 6.1) 
DCACTS( 6) 
RLEACHf 6) 

DCACTCf 7) 
DCACTW 7,ll 
DCACTS( 7) 
RLEACH( 7) 

DCACTC( 8) 
DCACTUf fJ,l) 
DCACTS( 8) 
RLEACHf 8) 

DCACTC( 9) 
DCACTU( 9,l) 
DCACTS( 9) 
RLEACH( 9) 

DCACTC(l0) 
DCACTU(lO,l) 
ICACTXlO) 
LLEACH(10) 

ICACWll) 
lCACTU(ll,l) 
lCACTS(11) 
!LEACH(ll) I c 

I 
I 
I ’ 

INHALR 
HLINH 
LM 
ED 
SHF3 
SHFl 
FIND 
FOTD 

1 6.000E+04 1 6.000E+04 
1 6.000E+O4 1 6.000E+04 
1 6.000E+O4 I 6.000E+04 
1 O.OOOE+OO 1 O.OOOE+OO 

I I 

6.OOOE+O4 6.000E+04 
b.OOOE+O4 6.000E+04 
6.000E+O4 6.000E+04 
O.OOOE+OO O.OOOE+OO 

6.000E+O4 
6.000E+04 
6.000E+04 
O.OOOE+OO 

6.000E+04 
6.000E+04 
6.000E+04 
O.OOOE+OO 

5.000E+Ol 
5.000E+Ol 
5.000E+Ol 
D.OOOE+OO 

5.000E+Ol 
5.OOOE+Ol 
5.000E+Ol 
O.OOOE+OO 

j.OOOE+Ol 
j.OOOE+Ol 
i.OOOE+Ol 
l.OOOE+OO 

5.000E+Ol 
5.000E+Ol 
5.000E+Ol 
O.OOOE+OO 

I ( 

)I 
I 
I 

/I 

i.OOOE+Ol 1 5.000E+Ol 
i.OOOE+Ol I 5.000E+Ol 
i.OOOE+Ol I 5.000E+Ol 
).OOOE+OO 1 O.OOOE+OO 

I 
5.430E+03 1 8.400E+03 
1.500E-05 1 2.000E-04 
3.00OE+OO ( 3.000E+OO 
9.OOOE+OO 1 3.000E+Ol 
4.000E-01 I 4.000E-01 
8.000E-01 1 7.000E-01 
6.500E-01 1 5.000E-01 

R016 I Unsaturated zone 1 Ccm**3/g) 

I 

R016 I saturated zone (cm**3/g) 
R016 1 Leach rate (/yr) 

I 
Distribution coefficients for U-234 

Contaminated zone (caf*3/g) 
Unsaturated zone 1 (cm**3/g) 
sstureted zone (caP'3&) 
Leach rate (/yr) 

II R016 I 
R016 I 
R016 I 

I 

R016 1 

I 
R016 ) 

Distribution coefficients for U-235 
Contaminated zone Ccm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Satureted zone (cm**3/g) 
Leach rate (/yr) 

Distribution coefficients for U-238 
Conteminated zone (cm**3/g) R016 ) 

w R016 ) Unsatureted zone 1 Ccm**3/g) 

I R016 ) Saturated zone (cm**3/g) 
R016 1 Leach rate (/yr) 

Inhalation rate (m**3/yr) 
Nass loading for inhalation Cg/m**3) 

I 
R017 1 
R017 1 

1 R017 1 
R017 ) 
R017 1 
R017 1 
R017 .I 
R017 1 

Dilution Length for airborne dust, inhalation (m 
Exposure duration 
Shielding factor, inhalation 
Shielding factor, external gamma 
Fraction of time spent indoors 
Fraction of time spent outdoors (on site) 1 2.000E-02 1 2.500E-01 

F-11 

I 
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sulmary : Mayuood residences, lnit 1, mean resident surface, MFMAY1.001, EPA df 
File : UFHAY1.OO1 

Menu 

R017 
R017 
R017 
R017 
R017 
ROf7 
R017 
R017 
R017 
R017 
R.017 
R017 
R017 
R017 

R018 
ROW 
ROl8 
ROW 
R018 
R018 
ROl8 
R018 
R018 
ROW 

I 

t 
I 

I 

I 

I 

I 

I 

I Fruits, vegetables and grain consumption (kg/yr) 
Leafy vegetable consumption (kg/yr) 
Milk consumption (L/yr) 
Meat and poultry consumption (kg&r) 
Fish conaqtion <kg/yr) 
Other seafood eonsurption (kg/yr) 
Soil ingestion rate (g/yr) 
Drinking uater intake (L/yr) 
Fnaction of drinking water fran site 
Ffiaction of aquatic food from site 

R019 
RO15 
ROlF 
R019 
R019 
R019 
R019 
RO19 
R019 
R019 

Livestock fodder intake for meat (kg/day) 
Livestock fodder intake for milk (kg/day) 
Livestock water intake for meat (L/day) 
Livestock water intake for mitk (L/day) 
IlaSs Loading for folier Lposition (g/m**31 
Depth of soil mixing layer (m) 
Depth of roots Cm) 
Drinking nater fraction frue grouxl water 
Livestock uater fraction from growth uater 
Irrigation fraction from grotnd uater 

RO21 
RO2t 
RO21 
RO21 
RO21 
R021 
RO21 
ROtl 
R021 
R021 
R021 

R021 
R021 
R021 

! 
1 

’ I 
:I 

I 
:j, 

I 
:I, 

~ 1 

/, 
I ’ 
I ’ 
I ’ 

1: 
I 1 
I 

lhickness of buiLding foundation Cm) 
3ullk density of building foundation (g/cm**3) 
lotal porosity of the cover material 
lotal porosity of the building foundation 
loltsnetric water content of the cover material 
lolunetric water content of the foudstion 
liffusion coefficient for radon gas tm/sec): 

ih cover material 
ih fourdation IIBterial 
in contaminated zone soil 

la&n vertical dimension of mixing (m) 

Lverage annual wind speed (m/set) 
rversge building air exchange rate (l/hr) 
Ieight of the building (room) Cm) 

Site-Specific Parameter sunnary (continued) 

Parwater 

Shape factor, external gwmm ( l.DOOE+OO 
Fractions of annular areas uithin AREA: I 

Outer annular radius Cm) = &l/r) ) not used 
Duter annular radius (III) = &10/r) ( not used 
Outer awwlor radius (m) = &20/r) 1 not used 

I 
+ 

Outer erewlar radius 00 = &50/r) 
Duter annular radius (m) = J(lOD/r) 
Duter erhwlar radius (ml = &200/r) 
Outer smuler radius (m) = &500/r) 
Outer errwlar radius (ml = J(lOOO/wI 
Outer annuter radius (m) = J(5000/r) 
Outer anruler radius (ml = J(l.E*D4/r) 
Outer amuler radius (ml q &l.E+05/71 
Outer annular radius Cm) = J(l.E+Ob/r) 

F-12 

1.350E+Ol 
4.000E*OO 
not used 
not used 
O.OOOE+OO 
O.OOOE+OO 
2.1DOE+Ol 
4.9008+02 
l.OOOE-02 
l.OOOE-02 

not used 
not used 
not used 
not wed 
l.OOOE-04 
1.500E-01 
9.000E-01 
l.OOOE+OO 
not wed 
l.OOOE+OO 

I 

I 
/ 

1.50s.01 
2.400E+OO 
not used 
l.OOOE-01 
not used 
l.OOOE-02 

II 

II 

I 
I 

; 2,00OE-08 
1 2.000E-06 
1 2.000E+OO 

1 5.300E+OO 
1 2.000E+OD 
1 2.500E+OO 

not used 

not used 
“at used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

l.M)OE+OZ 
1.400E+Ol I 
9.200E+Ol 
6.300E+Ol 
5.400E+OO 
9.000E-01 
3.650E+Ol 
5.100E+02 
l.OOOE+OO 
5.000E-01 

I 
I 

it 

1: 

! 

I 
I 

, 
I! 
I ! 

I 

I( 

I, 

I’ 

I: 
ii 

/! 

I 

6.800E+Ol 
5.500E*Ol I 
5.OOOE+Ol 
1.600E+02 
l.OOOE-04 
1.500E-01 
P.OOOE-01 
l.OOOE+OO 
l.WOE+OO 
l.OOOE+OO 

1.500E-01 
2.400E+OO 
b.OOOE-01 
l.OOOE-01 
l.OOOE-01 
j.OOOE-02 

2.000E-06 
2.000E-08 
2.000E-06 
Z.OOOE+OO 

Z.OOOE+OO 
l.OOOE+OO 
2.500E+OO 

Default 
Used by RESRAB 

(If different from user input) 

l.OOOE+OO ( 

I 
l.OOOE+OO ) 
l.OOOE+OO 1 
l.OOOE+OO 1 
l.OOOE+OO 1 
1.000E+00 ) 
l.OOOE+OO 1 
1*000E+00 1 
l.OOOE+OO I 
l .ODOE+OO 
l.OOOE+OO 
0.000E+Oo 
O.OOOE+OO 

___ 
--_ 
___ 
mm. 

___ 
-__ 

___ 

___ 
___ 
mm- 

___ 
___ 
___ 
--_ 
-__ 
-__ 

--_ 
--- 
___ 
___ 
___ 

-__ 
-__ 
___ 
___ 
___ 
.-- 
___ 

Parameter 
Nme I 

+ 

FRACA( 1) 
FRACA( 2) 
FRACA( 3) 
FRACA( 4) 
FRACA( 5) 
FRACA( 61 
FRACA( 71 
FRACA( 8) 
FRACA( 9) 
FRACA(101 
FRACA(11) 
FRACA(l2) 

I’ 
I ’ 

II 
I 

DIET(l) 
DIET(Z) 
DlEl(31 
DIET(4) 
DIET(S) 
DIET<61 
SOIL 
WI 
FDU ' 
FR9 

LF15 
LF16 
LU15 
LUI6 
HLFD 
DM 

II 

I LRD0, 
) FGUDU 
( FGULU 
1 FGWIR 

I 
) FLWR 
( DENSFL 
1 TPCV 
1 TPFL 
) PHZOCV 
1 PBOFL 

FSl 

DIFCV 
DIFFL 
DIFCZ 
HMIX 
WIND 
REXG 
HRM 

1 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
1 
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suanary : Heywood residences, unit 1, mean resident surface, IIFMAY1.001, EPA df 
File : MFMY1.001 

I Site-Specific Parameter Summary (continued) 

1 

I 1 User ) 
Menu 1 

I Used by RESRAD 
Paremeter 

1 Parameter 

I 
( Input 1 Default 1 (If different from user input) 1 Nma 

I 
I I 
I 

I 
I 

I 

R021 1 Building interior wee factor 1 l.OOOE+OO 1 O.OODE+OO 1 
I 

_-- 

I 

RO21 ( Building depth below ground surface (m) 
1 FAI 

R021 I Emanating power of Rn-222 gas 
1 l.OOOE+OO ) l.ODOE+OD I ___ 

( 2.OOOE-01 1 2.OOOE-01 1 
1 DMFL 

___ 

RO21 [ Emenating pouer of Rn-220 ges 
I 

1 l.OOOE-01 1 l.OOOE-01 1 
1 EMANA(1) 

-__ ] EWLNA(2) 

I 

I I I I 

Sunnary of Pathway Selections 

Pethuey I 

1 -- external gamm 
2 -- inhalation 
3 -- plant ingestion 
4 -- meat ingestion 
5 -- milk ingestion 
6 -- aquetic foods 
7 -- drinking water 
0 -- soil ingestion 
9 -- radon 

F-13 

User Selection 

active 
active 
active 

suppressed 
suppressed 

active 
active 
active 
active 
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Smr;y : Wayuood residences, ulit 1, mean resident surface, WFHAY1.OO1, EPA df 
File : MFMY1.001 

Contaminated Zona Dimensions lnitiel Soil Concentrations, pCi/g 

Area: BDO.00 square meters AC-227 1.700E-01 
Thickness: 0.15 maters Pa-231 1.700E-01 

Cover Depth: 0.00 maters Pb-210 5.200E-01 
Ra-226 S.ZOOE-OI 
Ra-220 2.BBOE+OO 
Th-228 2.BBOE+OO 
Th-230 3.390E+OO 
Th-232 2.88OE+OO 
u-234 3.3901+00 
u-235 I.i'OOE-01 
U-238 3.390E+OO 

Total Dose TDtlSE(t), mremfyr 
Basic Radiation Dose Limit = 100 mremlyr 

Total Mixture Sun M(t) = Fraction of Basic Dose Limit Received at Tima (t) 

t (years): O.ODDE*OD l.ODDE+OD 3.DDOE+OO l.OOOE+Dl 3.000E+OI l.OOOE+D2 1.50DE+02 3.0OOE+Ot 1.000E+03 3.000E+03 
TDOSE(t): 2.7131+01 2.6658+01 2.561~01 2.267E+Ol 1.897E+Ol 9.842E+OO 7.8198-02 3.967E-03 4.443E-05 l.B62E-09 

H(t): 2.7131-01 2.665E-01 2.561E-01 2.267E-01 l.B97E-01 9.8428-02 7.819E-04 3.967E-05 4.443E-07 l.B62E-11 

Haximm TDOSE(t): 2.7138+01 mremlyr et t = O.DODE+OO years 

F-14 

a 
1 
I 
I 
I 

1 
I 
I 
I 
I 
a 
1 
I 
I 
I 
I 
I 
I 
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Uayuood residences, wit 1, mean resident surface, MFHAY1.OO1, EPA df 

: HFHAYl.OO1 

Total Dose Contributions TDOSE(i,p,t) for Individual Radiowclides (il and Pathways (p) 
As mremfyr and Fraction of Total Dose At t E 0.000E+00 years 

Yater Independent Pathuays 

Ground Dust Radon Plant Heat Milk 

Nuclide mre#yr fract. mrem/yr frect. mrem/yr fract. mrem/yr frect. mrsm/yr fract. mremlyr fract. 

AC-227 2.02OE-01 0.0074 2.349E.02 0.0009 O.DOOE+DO D.0000 7.602E-03 0.0003 0.000E+D0 0.0000 0.000E+00 0.0000 
~a-231 1.624E-02 0.0006 4.557E-03 0.0002 D.000E+O0 D.0000 5.575E-03 O.DoO2 0.000E+00 0.0000 0.000E+00 O.OODO 
Pb-210 l.O49E-03 0.0000 2.252E.04 0.0000 O.OOOE+OD 0.0000 2.766E-01 0.0102 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Ra-226 3.141EtDO 0.1158 i3.470E-05 O.ODOD 6.188E-03 0.0002 9.7IlE-04 O.DOOO O.OOOE+OO 0.0000 0.000E+00 0.0000 
Ra-228 9.315E+DO 0.3433 2.6728-04 D.0000 D.000E+00 0.0000 5.868E-03 0.0002 0.000E+00 0.0000 O.OOOE+DO 0.0000 
Th-228 l-3458+01 0.4956 1.841E.02 0.0007 7.994E.02 0.0029 l.O72E-02 0.0004 O.ODDE+OO 0.0000 0.000E+0D 0.0000 
Th-230 3.141E.03 0.0001 2.237E.02 0.0008 O.OOOE+OO 0.0000 8.920E-03 0.0003 O.D00E+00 0.0000 0.000E+00 O.OOOO 
Th-232 1.607E.03 D.0001 9.5011-02 0.0035 0.000E+D0 0.0000 4.003E-02 0.0015 0.000E+00 0.0000 0.000E+00 0.0000 
U-234 2.163E-03 D.0001 9.087~.03 0.0003 O.OODE+OD O.OOOD 2.628E-03 O.DOOl 0.000E+00 0.0000 0.000E+00 0.0000 

7.168E-02 0.0026 4.206E-04 0.0000 0.000E+0D D.OOOD 1.267E-04 O.OODO 0.000E+00 0.0000 0.000E+00 0.0000 
1.796E-01 0.0066 8.388E-03 0.0003 O.OOOE+OO 0.0000 2.527E-03 O.ODOl D.000E+00 0.0000 0.000E+00 0.0000 

m-m 

2.638E+Ol 0.9723 1.823E-01 0.0067 &613E-02 0.0032 3.6168-01 0.0133 0.000E+00 0.0000 0.000E+OO o.OOOD 

Total Dose Contributions TDOSE(i,p,t) for individual Radionuclides (i) and Pathuays (p) 
As mrem/yr and Fraction of Total Dose At t = O.ODOE+DO years 

Yater Dependent Pathuays 

Uater Fish Radon Plant bleat Milk 

Nuclida mrem/yr fract. mram/yr fract. mrWyr fract. mramfyr fract. mremfyr fract. mrain/yr fract. 

AC-227 0.000E+00 0.0000 0.000E+00 O.OODO 0.000E+00 0.0000 0.00OE+00 0.0000 O.DOOE+DO O.OODO O.DOOE+OO 0.0000 
Pa-231 0.000E+00 O.DOOO D.OOOE+OO 0.0000 0.000E+0D 0.0000 0.000E+00 O.DODO O.OOOE+00 0.0000 O.OODE+OO 0.0000 
Pb-21D O.ODOE+DO 0.0000 D.OODE+OO O.OODO 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 O.DOOO 0.000E+00 0.0000 
Ra-226 0.000E+D0 O.DOOO D.ODDE+OO O.DODO 0.000E+0D D.OODO 0.00DE+00 0.0000 0.000E+00 0.0000 0.000E+00 D.0000 
Ra-228 D.000E+00 0.0000 O.DODE+OD O.OODO 0.000E+00 O.ODOD O.DODE+OD 0.0000 0.000E+00 0.0000 Q.00QE+QQ 0.0000 
Th-228 O.OOOE+OO O.DOOD 0.000E+00 O.0000 0.000E+00 O.DOOO O.ODOE+OD 0.0000 D.000E+00 0.0000 Q.OOOE+OQ Q.OOOD 
Th-230 0.000E+00 O.OOOD 0.000E+O0 0.0000 0.000E+00 O.OOOD D.DOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Th-232 0.000E+00 O.DDOO 0.000E+00 0.0000 O.OOOE+OO 0.0000 D.ODOE+DO O.OOOD 0.000E+00 Q.DQQQ Q.OQQE+QD D.QQQQ 

0.000E+00 O.OODO D.DOOE+OO 0.0000 0.000E+00 0.0000 0.000E+0O O.ODOQ 0,000E+00 D.QQQQ Q,DQQE+0Q Q.QQQD 
0.000E+00 O,OOOO O.OOOE+OO O.OOOO 0.000E+00 0.0000 0.000E+0O 0.0000 0,000E+00 O.OlJDO Q.QQQE+OD Q.QDOQ 

-238 0.000E+00 O.DOOO D.ODOE+DO O.OOOD 0.000E+D0 0.0000 D.OOOE+DO 0.0000 0,000E+00 O.0000 Q.QQQE+QQ O.QQDQ 

0.000E+00 0.0000 O.DODE+OO D.ODOO O.ODOE+OO 0.0000 0.000E+D0 0.0000 Q.QQOE+QQ Q.OOQQ Q.OQQE+QD Q.QQQQ 

Sun of all uater independent and dependent pathuays. 

F-15 

soi I 

mrsmlyr frac:t. 

1.200E-02 0.0004 
8.?96E-03 0.0003 
1.639E-02 0.0006 
2.69IE-03 0.0001 
1.626E-02 0.0006 
l.O16E-02 0.0004 
8.452E-03 0.0003 
3.793E-02 0.0014 
4.146~.03 0.0002 
1.999E-04 0.0000 
3.987E-03 0.0001 
-- 

l.ZlOE-01 0.0045 

All Pathways* 

mremfyr fract. 

2.45IE-01 0.0090 
3.51-/E-02 0.0013 
2.943E-01 0.0108 
3.151E+OO 0.1161 
9.337E+OO 0.3441 
1.357E+Ol 0.5000 
4.268E-02 0.0016 
1.746E-01 0.0064 
1.802E-02 0.0007 
7.243E-02 0.0027 
1.945E-01 0.0072 

2.713E+OI 1.0000 
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Sunnary : Uaynood residences, unit 1, mean resident surface, MFMAYl.OOI, EPA df 
File : RFMAY1.OO1 

Tote1 Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mremjyr end Frsction of Total Dose At t = 1.00DE+00 years 

Uater lndapandant Pathuays 
I 

Ground Dust Radon Plant West Milk Soil 

Radio- 
Nuclide mrem/yr frect. mrem/yr fract. mrem/yr fract. mremfyr fract. mremfyr fract. mrsm/yr fract. 

AC-227 1.7821-01 0.0067 
Pa-231 2.156E-02 0.0008 
Pb-210 9.977E-04 0.0000 
Ra-226 3.050E+DO 0.1144 
Ra-228 l.l79E+Ol 0.4425 
Th-228 9.320~+00 0.3500 
Th-230 1.1872-02 o.wo4 
Th-232 1.289E+OO 0.0484 
U-234 2.084E-03 0.0001 
U-235 6.903~-02 0.0026 
U-238 1.727E-01 0.0065 

Tote1 2.5928+01 0.9724 

-. 

2.062E-02 O.ODDD 0.000E+00 O.OOOD 6.673E-03 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 

l.O53E-02 0. 4 

5.049E-03 0.0002 0.000E+D0 0.0000 5.559E-03 0.0002 0.000E+D0 O.DOOO 0.000E+00 0.0000 &772E-03 0. 3 

2.128E-04 O.OOOD 
8 

O.ODOE+DO 0.0000 2.615E-01 0.0098 0.00DE+00 O.OODO 0.000E+00 0.0000 1.5496-02 0.0006 

8.86OE-05 0.0000 5.9851-03 0.0002 9.1608-03 0.0003 0.000E+00 D.0000 0.000E+00 O.DOOO 3.OgPE-03 0. 1 

5.376E-03 0.0002 2.2501-02 0.0008 &031E-03 0.0003 O.DODE+DO O.DOOD D.DDOE+OD 0.0000 

1.679E-02 0. 6 

1.2738-02 0.0005 5.5648-02 0.0021 7.414E-03 0.0003 D.DOOE+OO 0.0000 0.000E+00 0.0000 7.0251-03 Ill 0. 3 

2.222E-02 0.0005 1.713E-05 0.0000~ 8.8741-03 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 8.403E-03 0.0003 

9.4748-02 0.0036 1.475E-03 0.0001 4.06IE-02 0.0015 O.OODE+DO 0.0000 0.000E+D0 D.0000 

3.967E-02 0. 5 

8.7OOE-03 0.0003 7.651E-11 0.0000 2.5168-03 0.0001 0.000E+00 0.0000 0.000E+D0 0.0000 3.969E-03 3 0. 1 

4.0285-04 O.DOOD 0.000E+00 O.ODDO 1.214E-04 D.ODOO 0.000E+00 D.0000 0.000E+00 0.0000 I.916E-04 0.0000 
8.0308-03 0.0003 7.187E-17 0.0000 2.419E-03 0.0001 0.000E+00 0.0000 0.000E+00 Q.QQOQ 3.817E-03 0. 

1.7821-01 0.0067 8.561E-02 0.0032 3.529E-01 0.0132 0.000E+00 O.OODO 0.000E+00 Q.QDQQ l.l7j'g-01 0.0044 

Total Dose Contributions TDOSE(i,p,t) for lndividuel RedionucIidas (i) and Pathways (p) 
As mrem/yr and Fraction of Tote1 Dose At t = 1.000E+00 years 

I 

Yater Dependant Pathways I 

Ueter Fish Radon Plent Meet Milk 
Radio- 
Nuclide mrem/yr frect. mrsm/yr frect. mrWyr fract. mremlyr fract. mremlyr fract. 

All Pathwan 

mrem/yr fract. mrem/yr fract. 

AC-227 D.0ODE+00 0.0000 0.000E+00 

O.OODO 0.000E+00 O.DDOO 0.000E+00 0.0000 0.000E+D0 D.0000 0.000E+00 0.0000 2.160E-01 
Pa-231 0.000E+00 O.OODO 

0. 1 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+D0 O.OODO 0.000E*00 0.0000 

Pb-210 D.OOoE+OO 0.0000 
4.094E-02 -3 0. 5 

D.ODDE+OO O.OOOD D.DOOE+OO 0.0000 D.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 2.782E-01 0.0104 
Ra-226 ~0.000E+00 O.ODOO O.OOOE+OO O.OODO 0.000E+00 O.ODOD O.ODOE+DO O.ODDO O.DODE+DO O.DOOD 0.000E+00 0.0000 3.06DE+OO 0.1 

Ra-228 ~O.ODOE+OD 0.0000 

1 

0.000E+00 O.ODOO 
D.D00E+00 0.0000 0.000E+00 0.0000 0.000E+0D 0.0000 0.000E+00 O.ODDO 1.185~+01 0.4 

Th-228 ~0.000E+00 0.0000 0.000E+0D O.OOOD 
I5 

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+0D 0.0000 0.000E+00 O.DDOO 9.411E+OO 
Th-230 IO.OODE+00 O.ODOD 

0.3531 
0.000E+00 0.0000 D.000E+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.13gE-02 0. 9 

Th-232 lO.DOOE+OD O.OOOD 0.000E+00 D.OODO O.OODE+OD 0.0000 O.ODOE+DO O.DOOO O.ODOE+OD O.OODO 0.000E+00 D.ODOO 1.465E+OO 0. 0 
U-234 l0.000E+00 O.OODO 0.00DE+00 0.0000 0.000E+0D 0.0000 0.000E+00 0.0000 0.000E+00 O.OODO 0.000E+00 O.OODO 

3 
1.7272-02 

U-235 '0.000E+00 O.OODO 
0.0006 

0.000E+00 0.0000 O.OODE+DO 0.0000 0.000E+00 O.ODOO 0.000E+00 O.OODO 0.000E+00 0.0000 6.975E.02 0. 6 
U-238 !0.000~+00 0.0000 0.000~+00 0.0000 0.000~+00 0.0000 0.000~+00 0.0000 0.000~+00 0.0000 0.000~+00 0.0000 1.870~.01 0. 0 

--- Pm Pm Pm Pm -- 4 

Total '0.000E+00 0.0000 0.000E+00 D.0000 '0.000E+00 O.DOOO O.ODOE+DO O.DOOO 0.000E+00 0.0000 0.000E+00 D.0000 2.665EtDl 1.0000 

*sun of all water independent end dependent pathways. I 

I 
I 

F-16 



I I residual Radioactivity Program, Version 4.60 03/19/93 D9:37 Page 15 

suenary : Flaywood residences, wit 1, mean resident surface, MFHAY1.001, EPA df 
File : WnAYl .a01 

I 
Total Dose Contributions TOOSE(i,p,t) for Individual RadionucIides (i) and Pathuays (p) 

As mrem/yr and Fraction of Total Dose At t = 3.000E+OO years 

Uater Independent Pathways 

GX.Ul-Ki Dust 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. 

I AC-227 Pa-231 2.9bOE-02 1.38bE-01 0.0012 0.0054 5.7348-03 1.589E-02 0.0002 0.0006 

Pb-210 9.0151-04 0.0000 1.9021-04 0.0000 
Rs-226 2,875EtOO 0.1123 9.495E-05 0.0000 
Ra-228 1.281E*Ol 0.5003 9.467E-03 0.0004 
Th-228 4.4891+00 0.1753 6.0831-03 0.0002 
Th-230 2.850E-02 0.0011 2.192E-02 0.0009 

I U-234 Th-232 4.3091+00 1.9332-03 0.1683 0.0001 9.5368-02 7.9X51-03 0.0037 0.0003 
U-235 6.402E-02 0.0025 3,b94E-04 0.0000 

I U-238 1.597E-01 0.0062 7.3598-03 0.0003 

Total 2.4911+01 0.9726 1.704E-01 0.0067 

Radon Plant 

mremfyr fract. mremfyr fract. 

0.000E+00 0.0000 
O.O00E+00 0.0000 
O.OOOE+OO 0.0000 
5.598E-03 0.0002 
4.120E-02 0.0016 
2.69bE-02 0.0011 
4.938E-05 0.0000 
9.b61E-03 0.0004 
6.514E-10 0.0000 
O.OOOE+OO 0.0000 
1.821E-15 0.0000 

5.142E-03 0.0002 
5.453E-03 0.0002 
2.33bE-01 0.0091 
2.343E-02 0.0009 
9.119E-03 0.0004 
3.544E-03 0.0001 
8.847E-03 0.0003 
4.218E-02 0.0016 
2.30bE-03 0.0001 
l.l15E-04 0.0000 
2.217E-03 0.0001 

8.34bE-02 0.0033 3.3bOE-01 0.0131 

neat 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

Milk 

mremlyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

mrem/yr fracr. 

8.114E-03 0.0003 
8.604E-03 0.0003 
1.384E-02 0.0005 
3.769E-03 0.0001 
1.539E-02 0.0006 
3.358E-03 0.0001 
8.309E-03 0.0003 
4.303E-02 0.0017 
3.638E-03 0.0001 
1.759E-04 0.0000 
3.498E-03 0.0001 

O.OOOE+OO 0.0000 O.ODOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides fi) and Pathways (p) 
As mrem/yr end Fraction of Total Dose At t = 3.0OOE+OO years 

I 
water 

I 

Radio- 
Nuclide mremlyr frect. 

1 AC-227 Pa-231 0.000E+00 O.OOOE+OO 0.0000 0.0000 
Pb-210 0.000E+00 0.0000 
Ra-226 

I 

O.O0OE+O0 0.0000 
Ra-228 O.OOOE+OO 0.0000 
Th-228 O.OOOE+OO 0.0000 
Th-230 O.OOOE+OO 0.0000 

I 

h-232 O.OOOE+OO 0.0000 
-234 O.OOOE+OO 0.0000 

U-235 O.OOOE+OO 0.0000 
-238 O.OOOE+OO 0.0000 I 

iota1 O.OOOE+OO 0.0000 

Uater Dependent Pathways 

Fish Radon 

mremjyr frect. mremlyr frect. 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 0.oooE+a0 0.0000 0.000E+00 0.0000 
0.0OOE+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.O00E+00 0.0000 
0.000E+00 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

0.000E+00 0.0000 0.OOOE+OO 0.0000 

Plant 

SoiI 

Meat Hi Lk 

l.l17E-01 0.0044 

All Pathgays' 

mremfyr fract. 

O.OO0E+OO 0.0000 

mramfyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

mremfyr fract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

mremfyr fract. 

l‘.b77E-01 0.0066 
4.939E-02 0.0019 
2.48bE-01 0.0097 
Z.POBE+OO 0.1135 
1.289E+Ol 0.5032 
4.529E+OO 0.1768 
6.762E-02 0.0026 
4.499E+00 0.1757 

1.585E-02 0.0006 
6.468E-02 0.0025 
1.728E-01 0.0067 

2.5blE+Ol 1.0000 

I Sun of all water independent and dependent pathuays. 

I 
I 
I 

F-17 
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Sunnary : Maywood residences, &nit 1, mean resident surface, MF~A'11.001, EPA df 
File : HFMAY1.001 

Tote1 Dose Contributions TDOSE(i,p,tJ for Individual Radionuclides (i) and Pathways (p) 
As mremfyr and Fraction of Total Dose At t = 1.000E+01 years 

Uater Independent Pathways 

Ground Dust Radon Plant Heat Milk 
Radio- 
Nuclide mramfyr fract. mrem/yr fract. mremfyr fract. mrem/yr fract. mreWyr fract. mrem/yr fract. 

AC-227 5.749E-02 0.0025 
Pa-231 &.018E-02 0.0018 
Pb-210 6.317E-04 0.0000 
Ra-226 2.334E+OO 0.1030 
Ra-228 6.535EtOO 0.2883 
Th-228 3.4641-01 0.0153 
Th-230 7.870~.02 0.0035 

Th-232 fi.243E+Ol 0.5404 
U-234 0.489E-03 0.0001 
U-235 4.9151-02 0.0022 
U-238 11.213E-01 0.0054 
-v- 
Total 2.199EtOl 0.9704 

6.370E-03 0.0003 
6.174E-03 0.0003 
1.2801-04 0.0000 
l.O52E-04 0.0000 
5.944E-03 0.0003 
4.5861-04 0.0000 
2.087E-02 0.0009 
9.769E-02 0.0043 
5.867E-03 0.0003 
2.725E-04 0.0000 
5.4141-03 0.0002 

O.OOOE+OO 0.0000 2.062E-03 0.0001 

0.000E+00 0.0000 4.6448-03 0.0002 

0.000E+00 0.0000 1.573E-01 0.0069 

4.422E-03 0.0002 5.5591-02 0.0025 

2.739E-02 0.0012 4.692E-03 0.0002 

2.134E-03 0.0001 2.671E-04 0.0000 

1.4328% 0.0000 9.227E-03 0.0004 

4.134E.02 0.0018 4.598E.02 0.0020 

5.9618-09 0.0000 1.697E-03 0.0001 
0.000E+00 0.0000 8.267E.05 0.0000 

5.402E-14 0.0000 1.631E-03 0.0001 

1.4931-01 0.0066 7.543E-02 0.0033 2.832E-01 0.0125 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO D.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

3.254E-03 0.0 
7.328E-03 0.0 
9.319E-03 0.0004 
5.174E-03 0.0 
6.748E-03 0.0 
2.531E-04 0.0 t 
8.000E-03 0.0004 
4.987E-02 0.0 
2.677X-03 0.0 ff 
1.304E-04 0.0000 
2.573E-03 0.0 

4 
9.533E-02 0.0042 

Total Dose Contributions TD0SEfi.p.t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t = l.OOOE+Ol years 

I 

Uater Dependent Pathways I 

Uater Fish Radon Plant Meat Rilk 
Radio- 4 
Nuclide ~mrem/yr fract. mrem/yr fract. mrem/yr fract. mrenvyr fract. mremfyr fract. mreWyr fract. 

All Pathweyl 

mremlyr fract. 
--- 

~~-227 5.206~.02 0.0023 O.DO~E+OO 0.0000 

0.000~+00 0.0000 4.798~-03 0.0002 O.OO~E+OO 0.0000 0.000~+00 0.0000 i.2boE-01 0.0 
Pa-231 l.O37S-02 0.0005 0.000E+00 0.0000 O.OOOE+OO 0.0000 9.552E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.965E-02 0.0 tll 
Pb-210 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.674E-01 
Ra-226 0.000E+00 0.0000 

0.0074 
O.OODE+OO 0.0000 O.DOOE+DD 0.0000 O.DOOS+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.399EtOO 0.1 

Ra-228 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 6.5808+00 0.2 

Th-228 0.000E+00 0.0000 
m 

0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.495E.01 0.0154 
Th-230 P.OOOE+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 l.lb9E-01 0.0 
Th-232 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0,000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.266EtOl 
U-234 O.OOOE+OO 0.0000 

0.5. 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOS+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

3 
l.l73E-02 0.0005 

U-235 8.695E-07 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 8.013E-08 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.964E-02 0.0 
U-238 O,.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.309E-01 0.0 
--- mv- Pm Pm 1 

Total 6.243E-02 0.0028 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 5.7538-03 0.0003 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.267EtOl 1.0000 

*sus of all water independent and dependent pathways. I 

I 
I 
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sunnary : Rayuocd residences, uGt 1, mean resident surfsce, MFMAY1.001, EPA df 
File : kiFHAY1.001 

I 
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathuays (p) 

As mrem/yr and Fraction of Total Dose At t q 3.000EtOl years 

Yater Independent Pathways 

Ground Dust 

I 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. 

AC-227 4.601E-03 0.0002 4.612E-04 0.0000 
Pa-231 2.bllE-02 0.0014 3.321E-03 0.0002 
Pb-210 2.268E-04 0.0000 4.073E-05 0.0000 

d Th-228 Ra-226 Ra-228 3.488E-01 2.2bbE-04 1.271E+OO 0.0000 0.0670 0.0184 3.05bE-04 2.800E-07 8.480E-05 0.0000 0.0000 0.0000 

Th-230 l&BE-01 0.0089 1.788E-02 0.0009 

I Th-232 U-234 l&lE+Ol 7.137E-04 0.8649 0.0000 8.794E-02 2.4072-03 0.0046 0.0001 
u-235 2.294E-02 0.0012 l.l30E-04 0.0000 
U-238 5.467E-02 0.0029 2.2208-03 0.0001 

m-m 
Total 1.831EtOl 0.9649 l.l48E-01 O.OObO 

Radon Plant 

mrem/yr fract. mrmnlyr fract. 

O.OOOE+OO 0.0000 1.493E-04 0.0000 
O.OOOE+OO 0.0000 2.159E-03 0.0001 
O.OOOE+OO 0.0000 5.004E-02 0.0026 

2.222E-03 0.0001 6.728E-02 0.0035 

l.b44E-03 0.0001 2.340E-04 0.0000 
1.520E-06 0.0000 l.b31E-07 0.0000 
2.8888-04 0.0000 l.l44E-02 0.0006 
6.417E-02 0.0034 4.2b8E-02 0.0022 
3.088E-08 0.0000 6.968E-04 0.0000 
O.OOOE+OO 0.0000 3.477E-05 0.0000 
7.72OE-13 0.0000 6.b87S-04 0.0000 

6.8321-02 0.0036 1.754E-01 0.0092 

Heat 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000~+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Total Dose Contrikrtions TDOSE(i,p,t) for Individual Radionuclides fi) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.000E+Ol Years 

Uater 

Radio- 
Nuclide mrem/yr fract. 

I AC-227 9.481E-02 0.0050 
Pa-231 8.7538-02 0.0046 
Pb-210 3.04bE-03 0.0002 

I Ra-226 Ra-228 7.8038-03 1.674E-03 0.0004 0.0001 
Th-228 O.OOOE+OO 0.0000 
Th-230 

E 

l&OE-04 0.0000 
h-232 2.125E-03 0.0001 
-234 l.O79E-02 0.0006 

u-235 5.449E-04 0.0000 
Y -238 l.O38E-02 0.0005 

Total 2.189E-01 0.0115 

Uater Dependent Pathuays 

Fish Radon 

mrem/yr fract. mram/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
5.403E-04 0.0000 
3.220E-12 0.0000 
0.000E+00 0.0000 
1.259E-05 0.0000 
7.246E-12 0.0000 
2.738E-08 0.0000 
O.OOOE+OO 0.0000 
9.487E-13 0.0000 

O.OOOE+OO 0.0000 5.529E-04 0.0000 

Plant Heat 

mrem/yr frsct. mremfyr fract. 

8.738E-03 0.0005 O.OOOE+OO 0.0000 
8.06bE-03 0.0004 O.OOOE+OO 0.0000 
2.852E-04 0.0000 O.OOOE+OO 0.0000 
7.257S-04 0.0000 0.000E+00 O.ODOO 
1.542E-04 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
1.5241-05 0.0000 O.OOOE+OO 0.0000 
1.958E-04 0.0000 O.OOOE+OO 0.0000 
9.947E-04 0.0001 O.OOOE+OO 0.0000 
5.022E-05 0.0000 O.OOOE+OO 0.0000 
9.565E-04 0.0001 O.OOOE+OO 0.0000 

2.018E-02 0.0011 O.OOOE+OO 0.0000 

Milk 

Soil 

mrsm/yr fract. 

2.356E-04 0.0000 
3.407S-03 0.0002 
2.965E-03 0.0002 
4.929E-03 0.0003 
3.267E-04 0.0000 
1.545E-07 0.0000 
7.131E-03 0.0004 
4.737E-02 0.0025 
l.O98E-03 0.0001 
5.48bE-05 0.0000 
l.O55E-03 0.0001 

6.858E-02 0.0036 

AlI Pathways* 

mremfyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

mrem/yr fract. 

l.O90E-01 0.0057 
1.306E-01 0.0069 
S.bblE-02 0.0030 
1.355E+OO 0.0714 
3.531E-01 0.0186 
2.287E-04 0.0000 
2.052E-01 0.0108 
l.bb5EtOl 0.8777 
1.670E-02 0.0009 
2.374E-02 0.0013 
6.995E-02 0.0037 

1.897E+Ol 1.0000 

1 Sun of all mater independent and dependent pathways. 

I 
I 
I 
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smssry : Hayuocd residences, Init 1, mean resident surface, WFIMY1.001, EPA df 
File : blFMAY1 .OOl 

Total Dose Contributions TOOSE(i,p,t) for lndividuel Radionuclides'(i) and Pathways (p) 
As mrsm/yr end Fraction of Total Dose At t = l.OOOE+02 years 

Uater independent Pathuays 

Crowd 
Radio- 
Nuclide mrem/yr frect. 

AC-227 5.0DOE-07 0.0000 
Pa-231 1.3068-03 0.0001 
Pb-210 4.881E-06 0.0000 
Ra-226 l.lltE-01 0.0113 
Re-228 6.660806 0.0000 
Th-228 l.l8OE-15 0.0000 
Th-230 1.61W01 0.0164 
Th-232 9.2418E+OO 0.9396 
u-234 7.3818-05 0.0000 
U-235 ?.265E-03 0.0001 
U-238 2.496E-03 0.0003 

Total 9.5258+00 0.9678 

Dust Radon 

mresVyr frsct. mrem/yr fract. 

3.3651-08 0.0000 O.OOOE+OO 0.0000 
1.099.E~04 0.0000 O.OOOE+OO 0.0000 
5.287&Z-07 0.0000 O.OOOE+DO 0.0000 
8.24X-06 0.0000 1.424E-04 0.0000 
4.4228-09 0.0000 5.700E-08 0.0000 
1.12&f-18 0.0000 1.463E-17 D-0000 
7.4338-03 0.0008 2.033E-04 0.0000 
3.667G02 0.0037 6.525E-02 0.0066 
7.757S-05 0.0000 4.3498-08 0.0000 
3.7251-06 0.0000 O.OOOE+OO 0.0000 
7.00W05 0.0000 2.609E-12 0.0000 

--e 

4.437X-02 0.0045 6.5598-02 0.0067 

Plant neat Milk 

mram/yr fract. 

l.O89E-08 0.0000 
6.97lE-05 0.0000 
6.496E-04 0.0001 
7,77OE-03 0.0008 
3.306E-09 0.0000 
6.556E-19 0.0000 
8.2175-03 0.0000 
1.7'83E-02 0.0018 
2.366E-05 0.0000 
l.lWE-06 0.0000 
2.109S-05 0.0000 

mremfyr fract. mrem/yr frect. 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
D.DOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.ODOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

3.45gE-02 0.0035 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

1.719E-OS 0. 0 
l.lOOE-04 0. P IO 
3.048E-05 0.0000 
5.205E-04 0. 

B 

1 
4.725E-09 0.1 0 
6.213E-19 0.0000 
3.203E-03 0. "73 
1.981E-02 0.' .O 
3.534E-05 0. k u 0 
1.892E-06 0.0000 
3.328E-05 0.1 

1 
0 

- - 

2.375E-02 0.0024 

Total Dose Contributions TD0SEfi.p.t) for Individual Redionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = l.OOOE+02 years 

Uater Dependent Pathuays 1 

Uater 
Radio- 
Nuclids mrem/yr fract. 
--- 

AC-227 8.125E-05 0.0000 
Pa-231 4.9165-02 0.0050 
Pb-210 7.396E-03 0.0008 
Ra-226 2.365E-02 0.0024 
Rs-228 il.t347E-03 0.0002 
Th-228 O;OOOE+OO 0.0000 
Th-230 LOBE-03 0.0003 
Th-232 1.312E-02 0.0013 
U-234 1.8088-02 0.0018 
U-235 9.1105-04 0.0001 
U-238 1.739E-02 0.0018 

Fish 

mrem/yr tract. 

D.OOOE+OD 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OODE+DO 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Radon 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
1.23lE-03 0.0001 
3.553%-12 0.0000 
O.OOOE+OO 0.0000 
1.612E-04 0.0000 
3.845E-11 0.0000 
7.053E-08 0.0000 
O.OOOE+OO 0.0000 
4.272E-12 0.0000 

Plant 

mrem/yr frect. 

7.480E-06 0.0000 
4.5318-03 0.0005 
6.924~04 0.0001 
2.2038-03 0.0002 
1.7021-04 0.0000 
O.OOOE+OO 0.0000 
2.689E-04 0.0000 
1.209E-03 0.0001 
1.667E-03 0.0002 
8.395E-05 0.0000 
1.603E-03 0.0002 

Meat 

mremfyr frect. 

O.OOOE+DO 0.0000 
O.ODOE+OO 0.0000 
D.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.DDOE+DD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

ALI Pathway 

I- 
mremlyr fract. 

-- 

8.930E-05 0.0 
I, 

5.529E-02 0.0056 
8.782E-03 0.0 
1.468E-01 0.0 
2.024E-03 0.0 I 
l.l97E-15 0.0000 
1.835E-01 0.0 

g 9.402E+OO 0.9 I 
1.996E-02 0.0020 
2.267E-03 0.0 
2.161E-02 0.0 

Total 1.345E-01 0.0137 D.OOOE+OO 0.0000 1.392E-03 0.0001 1.243E-02 0.0013 O.DOOE+DO 0.0000 O.OOOE+OO 0.0000 9.842E+OO 1.0 

*Sun of all uater independent and dependent pathuays. 
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~aywood residences, unit 1, mean resident surface, MFMAY1.OO1, EPA df 

: WFwAYl.ODl 

Total Dose Contrikrtions TDOSE(i,p,t) for individual Radionuclides (i) and Pathways (p) 
As mram/yr and Fraction of Total Dose At t = 1.500E+02 years 

Uater Independent Pathways 

Gromd Dust Radon Plant Heat Hilk 

Nuclide mram/yr fract. mrem/yr fract. mrfzm/yr fract. mrem/yr frect. mremfyr fract. mrsm/yr fract. 

k-227 O.OOOE+OO 0.0000 D.DOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Pa-231 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Pb-210 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.DOOE+OO 0.0000 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 
Ra-226 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 D.OOOE+OO 0.0000 
Rs-228 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.DOOE+DO 0.0000 O.OOOE+OO 0.0000 O.OOOE*OO 0.0000 O.OOOE+OO 0.0000 
Th-228 D.OOOE+OO 0.0000 O.DOOE+OO 0.0000 O.OOOE+DO 0.0000 O.OOOE+DO 0.0000 O.OOOE+OO 0.0000 O.OODE+OO 0.0000 
Th-230 D,ODOE+OO O.DDOO O.OODE+OO 0.0000 O.OOOE+OO 0.0000 D.DOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Th-232 D.DOOE+DO 0.0000 O.OOOE*OO 0.0000 D.OOOE+OO 0.0000 D.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.DOOE+OO 0.0000 O.ODOE+OO 0.0000 O.OOOE+OO 0.0000 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 D.DOOE+OO 0.0000 D.DOOE+OO 0.0000 O.DOOE+OO 0.0000 O.DOOE+OO 0.0000 
O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 D.OOOE+DO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.5DOE+O2 years 

Uster Dependent Pethuays 

Uater Fish Radon Plant Heat Hi Lk 

uclide mram/yr frect. mremfyr frsct. mrem/yr fract. mrem/yr frsct. mrem/yr fract. mremfyr fract. 

c-227 7.335E-08 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 6.760E-09 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
e-231 8.349E-03 0.1068 O.OOOE+OO 0.0000 O.OOOE+DO 0.0000 7.695E-04 0.0098 O.OOOE+OO 0.0000 O.OOOE+DO 0.0000 

-228 1.853E-03 0.0237 O.OOOE+OO 0.0000 3.564E.12 0.0000 1.7076-04 0.0022 O.DOOE+OO 0.0000 O.OOOE+OD 0.0000 

-232 1.62X-02 0.2081 O.OOOE+DO 0.0000 4.736E-11 0.0000 1.499E-03 0.0192 O.OOOE+OO 0.0000 O.OOOE+OD O.OOOD 
E-03 0.0464 O.OOOE+OO 0.0000 8.383E-08 0.0000 3.345E-04 0.0043 O.DODE+OO 0.0000 O.OOOE+OD 0.0000 

1.870E-04 0.0024 O:bOOE+OO 0.0000 O.OOOE+OO 0.0000 1.72%.05 0.0002 O.OOOE+OO 0.0000 O.OOOE+OD 0.0000 
238 3.490E-03 0.0446 O.OOOE+DO 0.0000 5.227E.12 0.0000 3.216E.04 0.0041 D.OOOE+OO 0.0000 o.ODOE+OO O.DDDD 

-- 

7.0201-02 0.8977 O.DOOE+OO 0.0000 1.489E-03 0.0190 6.509E.03 0.0832 O.DOOE+OO 0.0000 O.OOOE+OD 0.0000 

F-21 

Soi\ 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Atl Pathuays* 

mrem/yr fract. 

8.011E-08 0.0000 
9.119E-03 O.llbb 
8.151E-03 0.1042 
2.840E-02 0.3632 
2.023E-03 0.0259 
O.OOOE+OO 0.0000 
4.747E-03 0.0607 
1.777E-02 0.2273 
3.964E-03 0.0507 
2.042E-04 0.0026 
3.8llE-03 0.0487 

7.8198-02 1.0000 
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sumwy : Raywood residences, Init 1, mean resident surface, WFHAY1.001, EPA df 
File : RFUAYl.DOl 

Total Dose Contributions TDOSE(i,p,t) for Individual RadionUclidss (i) and Pathways (p) 
As mremJyr end Fraction of Total Dose At t = 3.000Et02 years 

Grots-d 
Radio- 
Nuclide mremJyr fract. mremfyr frect. 

AC-227 O.OOOE+OO 0.0000 O.OOOE+OO D.DOW 
Pa-231 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Pb-210 O.OWE+OD 0.0000 O.OOOE+OO 0.0000 
Ra-226 O.ODOE+OO 0.0000 o.DooE+oo 0.0000 
Re-228 D.OWE+OO 0.0000 O.OOOE*OO 0.0000 
Th-228 O.~DOE+DO 0.0000 O.DOOE+OO 0.0000 
Th-230 O.WOE+W O.OWO O.OOOE+DO 0.0000 
Th-232 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
u-234 0.000~+00 0.0000 O.OODE+OO 0.0000 
u-235 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
U-238 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 
-,__I_- -- 

‘Total 'O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

Uater Independent Pathways 

Radon Plant Hi Lk 

mrem/yr fract. mrem/yr fract. 

O.OOOE+OO 0.0000 O.OOOE+DO 0.0000 
O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 O.OOM+DO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

mremJyr frsct. 

O.OOOE+DO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.ODOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO D.DOOO 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
-m 

O.OOOE+OO 0.0000 

mremJyr frect. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0. 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) end Pathways (p) 
As mremJyr and Fraction of Total Dose At t = 3.000Et02 years 

Ueter Dependent Pathways I 

Uater 
Radio- 
Nuclide mrsmJyr fract. 

Fish 

mrem/yr frsct. 

AC-227 O.OWE+OD 0.0000 O.OOOE+OO 0.0000 
Pa-231 O.DOOE+OO 0.0000 D.OOOE+OO 0.0000 
Pb-210 l.lUE-04 0.0294 O.OOOE+OO 0.0000 
Rs-226 1.624E.03 0.4094 O.ODOE+OO 0.0000 
Re-228 1.22X-09 0.0000 O.DOOE+OO 0.0000 
Th-228 O.OOOE?OO 0.0000 O.WOE+OO 0.0000 
Th-230 1.372E-03 0.3459 O.OOOE+OO 0.0000 
Th-232 5.094E-04 0.1284 D.DDOE+OO 0.0000 
U-234 1.010~.06 0.0003 O.DOOE+OO 0.0000 
U-235 O.OOOE+OO 0.0000 'O.OOOE+OO 0.0000 
U-238 2.502E-11 0.0000 O.DOOE+DO 0.0000 

Radon 

mrem/yr fract. 

O.OOOE+DO O.OWO 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
5.931E-07 0.0001 
2.737E-12 0.0000 
O.OOOE+OO 0.0000 
4.35OE-06 0.0011 
0.000~+00 0.0000 
5.784E-08 0.0000 
0.000~+00 0.~000 
9.229E-13 0.0000 

Plant Heat Milk 

eremIyr fract. 

O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
l.O94E-05 0.0028 
1.520E-04 0.0383 
l.l25E-10 0.0000 
O.DOOE+OO 0.0000 
l.t84E-04 0.0324 
4.693E-05 0.0118 
9.4DtE-08 0.0000 
O.OOOE+OO 0.0000 
2.334E-12 0.0000 

mrasvyr fract. 

O.ODOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.DOOE+DO 0.0000 

mrem/yr fract. 

O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

All Pathway 

1 
mrem/yr fract. 

- 

O.OOOE+OO 0.01 
O.OOOE+OO 0.0 ct 0 
1.277E-04 0.03 
1.776E-03 0.4, 

B 1.336E-09 0.00 
O.OOOE+OO 0.0000 
1.505E-03 0.3; 

4 5.564E-04 O.;.‘ 
l.l62E-06 0.0003 
O.OOOE+OO 0.0 

Total 3.62331-03 0.9134 O.oOOE+OO 0.0000 5.DolE-06 0.0013 3.384E-04 0.0853 O.OOOE+OO o.DOOO O.OOOE+OO 0.0000 3.967E-03 

*Sun of all uater indepandent and dependent pathways. 
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Sunnary : Flaywood residences, unit 1, mean resident surface, HFMAY1.OO1, EPA df 
File : UFHAY1.001 

Total Dose Contributions TDOSE(i,p,t) for Individual Redionuclides (i) and Pathways (p) 
As mrn/yr and Fraction of Total Dose At t q l.OODE+03 years 

Uater Independent Pathways 

Ground 
Rsdio- 
Nuclide mrem/yr fract. 

3 AC-227 Pa-231 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 
Pb-210 C.OOOE+OO 0.0000 

8 Th-228 Ra-228 Ra-226 O.DOOE+OO O.OODE+OO O.OOOE+OO 0.0000 0.0000 0.0000 

Th-230 O.OODE+OO 0.0000 
Th-a2 O.OOOE+OO 0.0000 
U-234 O.OODE*OO 0.0000 
U-235 O.OOOE+OO 0.0000 U-238 O.OOOE+OO 0.0000 

Total O.OOOE+OO 0.0000 

Dust 

mrem/yr frsct. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Radon 

mremIyr frsct. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
C.OOOE+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+ClO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Plant 

mrem/yr frect. 

O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
a.000E+00 D.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

neat 

mram/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Milk Soi I 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO '0.0000 

Total Dose Contributicns TOOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mremfyr and Fraction of Total Dose At t q l.ODOE+03 years 

mrem/yr fracr. 

O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.ODOE+OO 0.0000 

Yater Dependent Pathways 

Uater Fish Radon Plant Meat Milk ALL PathRays* 
Radio- 
Nuclide mremjyr fract. mram/yr frsct. mremlyr fract. mrem/yr fract. mrem/yr fract. mremlyr fract. mremlyr fract. 

1' At-227 Pa-231 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 D.OOOE+DO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.DOOE+OO 0.0000 0.0000 
Pb-210 O.OOOE+OO 0.0000 O.OODE+OO 0.0000 O.OOOE+OD 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

c Ra-226 Re-228 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 D.OOOE+OO O.OOOE+OO 0.0000 0.0000 D.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 
Th-228 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 D.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

/ 5 
Th-230 3.767R-05 0.8478 O.OOOE+OO 0.0000 l&OE-06 0.0369 3.512E-06 0.0790 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.282E-05 0.9637 
Th-232 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 D.OOOE+OD 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
U-234 1.393~-06 0.0314 O.OOOE+OO 0.0000 8.813E-08 0.0020 1.296E-07 0.0029 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.611E-06 0.0363 
U-235 O.OOOE+DD 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OD 0.0000 O.OOOE+OO 0.0000 

a 
O.OOOE+OO 0.0000 

U-238 2.704E-11 0.0000 O.OOOE+OO 0.0000 2.084E-12 0.0000 2.513E-12 0.0000 O.OOOE+OD 0.0000 O.OOOE+OO 0.0000 3.164E-11 0.0000 
BP- 

Total 3.906E-05 0.8791 O.OOOE+OO 0.0000 1.729E-06 0.0389 3.642E-06 0.0820 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.443E-05 1.0000 

*Sun of all water independent and dependent pathuays. 
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naynood residences, wit 1, man resident surface, WFMAY1.001, EPA df Sunnsry : 

File : wFMA11.001 

Total Dose Contributions TDOSE(i,p,tl for Individual Redionuclides (i) end Pathways (p) 
As mremfyr and FractiOn of Total Dose At t q 3.OOOE+O3 years 

Uater Independent Pethways 

Grou?d Dust Redon Plant Meet Milk 

Radio- 
Nuclide mrem/yr frect. ammfyr frect. mrem/yr fract. mrem/yr fract. mrem/yr fract. mremfyr fract. 

M-227 o.oooE+oo 0.0000 
Pa-231 O.OOOE+OO 0.0000 
Pb-210 O.OOOE+OO 0.0000 
Ra-226 O.OOOE+OO 0.0000 
Ra-228 O.OOOE+OO 0.0000 
Th-228 O.OOOE+OO 0.0000 
Th-230 O.OOOE+OO 0.0000 
Th-232 O.OOOE+OO 0.0000 
u-234 D.OOOE+OO 0.0000 
U-235 O.OOOE+OO O.OODO 
U-238 O.ODgE+OO 0.0000 

Total O.OOOE+OD 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOEtOO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
-w 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
0.00oE+00 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

0.000E+00 0. 0 
O.OOOE+OO 0. 

8 
0 

O.OOOE+OO 0.0000 
O.OOOE+OO 0. 0 
O.OOOE+OO 0. 

4 
0 

O.OOOE+OO 0.lJi~ 0 
O.OOOE+OO 0. 00 
O.OOOE+OO 0. 
O.OOOE+OO 0. t 

0 
0 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (il end Pathways tp) 

As mrem/yr and Fractim of Total Dose At t = 3.000E+O3 yeers 

Uater Dependent Pethuays 

Uatcr Fish Redon 
Radio- 
Nuctide mrWyr frect. mremlyr fract. mremlyr fract. 

AC-227 
~a-231 
Pb-210 
Ra-226 
Ra-228 
Th-228 
Th-230 
Th-232 
U-234 
U-235 
U-238 

'O.OOOE+OO 0.0000 
,O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.ODOE+OO 0.0000 
O.ObOE+OO 0.0000 
iD.OOOE+OO 0.0000 
0.00oE+oo 0.0000 
1.705E-09 0.9156 
0.000f+00 0.0000 
4.552E-14 0.0000 

O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 
O.OOOE+OO 0.0000 
0.00OE+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO O.ODOO 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
O.DOOE+OO 0.0000 
O.DODE+OO 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.00oE+00 0.0000 
O.OOOE+OO 0.0000 

--_I---- 

Total 1.7058-09 0.9156 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

*sun of all water independent and dependent pathways. 

Plant Meat 

mranlyr fract. mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
1.572E-10 0.0844 
O.OOOE+OO 0.0000 
4.197E-15 0.0000 

O.ODOE+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

--- 
1.572E-10 0.0844 O.OOOE+OO 0.0000 
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Milk 

mrem/yr fract. 

O.OODE+OO 0.0000 
O.OOOE+OO 0.0000 
D.ODOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
-m 
O.OOOE+OO 0.0000 

mremlyr fract. 
- 

O.OOOE+OO 0.0 
d 

1 
O.OOOE+OO 0.0 0 
O.OOOE+OO O.OOnO 
O.OOOE+OO 0.0 
O.OOOE+OO 0.0 t 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0 
O.OOOE+OO 0. $ 3 
1.862E-09 1.0000 

4.972E-14 0.0 

1.862E-09 1.0 0 

I 

f 
I 
a 
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U-235 u-235 l.OOOE+OO 
U-235 Pa-231 
U-235 AC-227 
U-235 mSR(I') 
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Summry : Waywood residences, vlit 1, mean resident surface, RFMAY1.OO1, EPA df 
File : WFIIAY1.001 

Dose/Source Ratios Suns%' Over All Pathuays 
Parent end Progeny Principal Radionuclide Contributions Indicated 

parent Product Branch DSR(j,tl (mrem/yrl/(pCi/g) 

(i) tj) Fraction t= 0.000E+00 l.o00E+00 3.000E+ao 1.000E+01 3.000E+Oi l.aooE+02 1.500E+02 
-- 

AC-227 AC-227 1.000E+00 

3.000E+02 

1.442E+OO l.t71E+OO 9.867E-01 7.414E-01 6.412E-01 5.253E-04 4.713E-07 0.000E+00 O.OOOE+OO 0.000E+00 

~a-231 Pa-231 1.000E+00 
~a-231 AC-227 
Pa-231 mSR(j) 

Pb-210 Pb-210 i.aooE+ao 

Ra-226 Ra-226 1.000E+00 
Ra-226 Pb-210 
Ra-226 IZ)SR(j) 

Re-228 Re-228 l.OOOE+OO 
Re-228 Th-228 
Ra-228 ZDSR(j) 

Th-228 Th-228 1.000E+00 

Th-230 Th-230 1.000E+00 
Th-230 Ra-226 
Th-230 Pb-210 
Th-230 ZZJSR(j) 

Th-232 Th-232 1.000E+00 
Th-232 Re-228 
Th-232 Th-228 
Th-232 XISR(j) 

U-234 U-234 1.000E+00 
U-234 Th-230 
U-234 Re-226 
U-234 Pb-210 
U-234 mSR(j) 

2.069E-01 1.985E-01 1.827E-01 1.366E-01 2.059E-01 2.487E-01 4.939E-02 0.000E+00 0.000E+00 0.000E+00 
a.aoaE+OO 4.233E-02 l.O78E-01 2.731E-01 5.6UE-01 7.657E-02 4.249E-03 0.000E+00 0.000E+00 O.OOOE+DO 
2.069E-01 2.408E-01 2.905E-01 4.097E-01 7.682E-01 3.252E-01 5.364E-02 O.OOOE+OO D.000E+oa 0.000E+00 

5.659E-01 5.350E-01 4.780E-01 3.219E-01 l.O89E-01 1.689E-02 1.568E-02 2.456E-04 0.000E+00 0.000E+00 

6.Q&E+OO 5.884E+OO 5.545E+OO 4.502E+OO 2.458E+OO 2.322E-01 1.850E-02 8.646E-06 0.000E+00 0.000E+00 
o.oaoB+OO 1.682E-02 4.613E-02 l.IUE-01 1.466E-01 5.005E-02 3.613E-02 3.408E-03 0.000E+00 O.OOOE+OO 
&06QE+OO 5.900E+OO 5.591E+OO 4.614E+OO 2.605E+OO 2.822E-01 5.462E-02 3.416E-03 0.000E+00 O.OOOE+OO 

3.242E+OO 2.792E+OO 2,07lE+OO 7.269E-01 3.66BE-02 7.0llE-04 7.026E-04 5.166E-14 O.DOOE+OO O.OOOE+OO 
0.0aoE+00 1.321E*OO 2.403E+OO 1.558E+OO 8.592E-02 1.619E-06 6.038E-10 4.638E-10 0.000E+00 0.000E+00 
3.242E+OO 4.114E+OO 4.474E+OO 2.285E+OO 1.226E-01 7.027E-04 7.026E-04 4.638E-10 0.000E+00 0.000E+00 

4.71lE+aO 3.26BE+OO 1.572E+OO 1.214E-01 7.941E-05 4.155E-16 O.OOOE+DO O.OOOE+OO O.OODE+OO O.OOOE+OO 

1.2658-02 1.257E-02 1.24TE-02 1.186~-02 i.o27E-02 4.587E-03 0.000E+00 D.ooaE+ao 0.000E+00 0.000E+00 
0.000E+00 2.583E-03 7.504E-03 2.236E-02 4.889E-02 4.727E-02 4.919E-04 9.727E-06 3.66BE-06 O.OOOE+OO 
O.OOOE+OO 3.690E-06 3.115E-05 2.772E-04 1.368E-03 2.263E-03 9.085E-04 4.342E-04 8.964E-06 0.000E+00 
1.2658-02 1.516E-02 1.995E-02 3.4501-02 6.053E-02 5.413E-02 1.400E-03 4.439E-04 1.263E-05 0.000E+00 

6.062E-02 6.022E-02 5.941E-02 5.660E-02 4.855E-02 2.039E-02 O.OODE+OO O.OOOE+OO O.OOOE+OO 0.000~+00 
0.000E+00 3.6191-01 9.392E-01 1.9891+00 2.3BlE+OO 1.3928+00 6.170E-03 1.932E-04 0.000E+00 O.OOOE+OO 
0.000E+00 8.661E-02 5.635E-01 2.352EtOO 3.353E+OO 1.853E+OO 8.025E-09 O.OOOE+OO 0.000E+00 O.OOOE+OO 
6.062E-02 5.087E-01 1.5621+00 4.397E+OO 5.782E+OO 3.265E+OO 6.171E-03 1.932E-04 0.000E+00 O.OOOE+OO 

5.317E-03 5.094E-03 4.675E-03 3.458E-03 4.920E-03 5.877E-03 l.l69E-03 0.000E+00 0.000E+00 0.000E+00 
0.000E+oa l.lllE-07 3.173E-07 8.929E-07 1.679E-06 l.O93E-06 1.874E-10 1.407E-10 2.340E-10 5.493E-10 
O.OOOE+OO l.l54E-08 9.8988-08 9.308E-07 5.286E-06 l.O19E-05 l.WSE-07 1.293E-07 1.971E-07 O.OOOE+OO 
0.000E+00 l.l04E-11 2.7808-10 8.068E-09 1.590E-07 4.9918-07 2.379E-07 2.132E-07 2.779E-07 0.QQaE+0o 
5.317E-03 5.094E-03 4.675E-03 3.460E-03 4.927E-03 5.888E-03 l.l69E-03 3.427E-07 4.752E-07 5.493E-10 

4.260E-01 4.103E-01 3.804E-01 2.9wE-01 1.394E-01 1.307E-02 l.l24E-03 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 4.195E-06 l.l58E-05 2.887E-05 9.590E-05 1.656E-04 6.761E-05 0.000E+00 0.000E+00 o.aooE+oO 

0.000E+00 4.537~-07 3.566E-06 3.052E-05 i.633E-04 l.o27E-04 9.734E-06 0.000E+00 0.000E+00 0.000E+00 
4.26OE-01 4.103E-01 3.805E-01 2.920E-01 1.396E-01 1.334E-02 1.201E-03 O.OOOE+00 0.000E+00 0.oQoE+oa 

U-238 U-238 1.000E+00 
U-238 U-234 
U-238 Th-230 
U-238 Ra-226 
U-238 Pb-210 
U-238 mSR(j) 
-w 

The DSR includes contributions from associated (half-Life 5 0.5 yr) daughters. 

5.738E-02 5.516E-02 5.098E-02 3.863E-02 2.063E-02 6.375E-03 l.l24E-03 0.000E+00 O.OOOE+OO O.OOOE+OO 
0.000E+o0 1.441E-08 3.968E-08 9.7848-08 3.079E-07 5.229E-07 2.141E-07 0.000E+00 0.000E+00 0.000E+00 
O.OOOE+DO 1.562E-13 1.322E-12 l.WE-11 5.8391-11 7.598E-11 1.295E-14 1.146E-15 2.598E-15 1.4676-14 
0.000E+00 l.O84E-14 2.767E-13 8.435E-12 1.327E-IO 6.115E-10 l.l69E-11 2.0&E-12 4.661E-12 o.aaoE+oo 
0.000E+aa 7.795E-18 5.868E-16 5.604E-14 3.627E-12 2.676E-11 1.319E-11 6.278E-12 4.669E-12 0.ooDE+oo 

5.738~-02 5.516E-02 5.098E-02 3.863E-02 2.063E-02 6.376E-03 l.l24E-03 8.343E-12 9.333E-12 1.467E-14 
-- 
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Single Redionwlids Soil Guidelines G(i,t) in pGi/g 
Basic Radiation Dose Limit = 100 mrsmJyr 

Nuc(ide 
(i) t= O.OOOE+OD l.O0OE+O0 

AC-227 
pa-231 
Pb-210 
Ra-226 
Ra-22a 
Th-22a 
Th-230 
Th-232 
U-234 
U-235 
U-238 

6.936E+Ol 7.87lE+Ol l.O13E+O2 1.349E+O2 1.5601+02 1.904E+05 2.122~+08 '7.244E+13 
4.834EtO2 4.152E+02 3.442E+O2 2.44lE*02 1.302E+O2 3.075E+02 1.864E+03 *4.716E+lO 
l.767E+O2 1.869E+o2 2.092E+O2 3.107E+O2 9.lDbE+O2 5.92lE+O3 6.3791+03 4.07lE+O5 
1.65DE+Ol 1.695E+ol 1.788E+Ol 2.167E+Ol 3.8398+01 3.543E+02 1.83lE+O3 2.927E+O4 
3.0851+01 2.43lE+Ol 2.235E+Ol 4.37iz+ai 8.156E+OP 1.4238+05 1.423E+O5 2.156E+ll 
2.123E+Dl 3.06DE+Ol 6.360E+Ol 8.240E+Ot 1.259E+06 l 8.192~+14 *8.192E+l4 *8.192E+l4 

7.906~+03 6.598EtO3 5.013E+O3 2.899E+O3 1.652E+O3 1.848E+03 7.14lE+O4 2.253E+05 
1.6501+03 1.966E+O2 6.402E+Ol 2.274E+Ol 1.729E+Ol 3.063E+Ol 1.62lE+D4 'l.O92E+O5 

l&11+04 1.963E+D4 2.139E+D4 2.890E+D4 2.029E+04 1.698E+D4 8.5538+04 2.918~+08 
2.347E+a2 2.437E+a2 2.628E+O2 3.4251+02 7.1628*02 7.499E+a3 8.324E+04 l 2.16OE+Ob 
1.7431+03 1.813E+O3 l.9621+03 2.589E+O3 4 Am+03 1.5688+04 8.8958+04 *3.360E+05 

m- 

*At specific activity limit 

3.000E+OO l.OOOE+Ol 3.ODOE+Ol l.O0OE+O2 1.5OOE+02 3.OOOE+O2 

Sunned Dose/Swrce Ratios DSR(i,t) in (mrem/yr)/(pCi/g) 
and Single Rsdionuclide Soil Guidelines G(i,t) in pci/g 

et tmin = time of minim single redicnuclids soil guideline 
and at timx = time of rssximm total dose q O.OODE+OO y&s 

Nuclids tnitial 
(i) pcih 

AC-227 '1.7OOE-01 
Pa-231 '1.7DDE-01 
Pb-210 5.2OOE-01 
Ra-226 6.2OOE-01 
Ra-228 2.88OE+OO 
Th-228 2.880E+OO 
Th-230 3.39OE+OO 
Th-232 2.88OE+OO 
U-234 3.3908+00 
U-235 1.70OE-01 
U-238 3.390E+OO 

tmin DSR(i,tmin) G(i,tmin) DSR(i,ttnax) G(i,tmax) 

(years) (pCi/g) WCi/S) 

o.ooaE+aa 1.4428+00 6.936E+Ol 1.4421+00 6.9368+01 
47.22 f 0.05 8.81OE-01 l.l35E+O2 2.ab9E-01 6.834E+02 

O.ODDE+OO 5.659E-01 1.767E+D2 5.659E-01 1.767E+D2 
O.O00E+D-D 6.060E+00 1.650E+Ol 6.060E+OO 1.650~+01 

2.541 d 0.003 4.498E+ao 2.223E+Ol 3.242E+OO 3.085E+Ol 
O.OO0E+OO 4.7llE+OO 2.123EtOl 4.7llE+oo 2.123E+Ol 

57.34 i 0.06 7.0841-02 1.412E+03 1.265E-02 7.9068+03 
26.44 f 0.03 5.804E+OO l.NE+Dl 6.Db2E-02 1.650~+03 
115.0 f 0.1 5.897E-03 1.696E+D4 5.317E-03 1.88lE+04 

0.000E+00 4.26OE-01 2.347E+O2 4.260E-01 2.347E+o2 
O.O0OE+O0 5.738E-02 1.743E+03 5.i3gE-02 1.743E+O3 

:I 
a 

l.OOOE+O3 3.OOOE+O%. 

*7.244E+l3 *7.244E+l 
*4.716E+lO *4.716E+l 

*2.72lE+l4 *2.721E+l 
%.l92E+l4 *8.192E+l4 

7.917E+Ob *Z.OlSE+l 
'l.O92E+05 *l.O92E+O 

2.105E+Oa 
l 2.lbOE+Ob *2.lbOE+O 
*3.3601+05 l 3.36OEtO 

c 

a 

0 
5 
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I Residual Radioactivity Prowem, Version 4.60 03119193 lo:13 Page 2 

Smry : Meyuood residences, unit 1 mean resident subsrface, WFMAYl.002, EPA 

File : w~~~~1.002 

A-l 1 
A-l ) 
A-l 1 
A-l ( 

1 A-l A-l 1 1 
A-l 1 

II A-l A-l A-l 1 1 1 

A-l 1 
t A-l A-l 1 1 

A-l 1 
A-l 1 
A-l ( 
A-l 1 
A-l ) 
A-l ) 
A-l ) 
A-l 1 

3 
A-l 1 
A-l 1 
A-l 1 

$ 

A-f 1 
A-l 1 
A-l ( 
A-l ) 

il 

A-l ) 
A-l 1' 

I 

~1 

A-3 ) 

~ 
IA-3 1 
A-3 ( 

al 

A-3 1 
' A-3 1 / 

A-3 ( / 
A-3 ) / 

1 

A-3 1 
A-3 ] I 
A-3 1 I 

% 

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

e 

A-3 1 I 

A-3 1 

Dose Conversion Factor (and Related) Paremeter Summary 

Parsmeter 
) Current 1 1 Parameter 
1 Value 1 Default I Name 

Grwnd external gemna, volune DCF'S, (mrem/yr)/@Ci/cm**3): 1 
+ 
I 

Ac-227+0, soil density = 1.0 glcm**3 
AC-227+0, soil density q 1.8 g/cm**3 

Pe-231 , soil density = 1.0 g/cm**3 
Pa-231 , soil density = 1.8 g/cm*4 

Pb-Zla+D, soil density = 1.0 g/csf*3 
Pb-2la+D, soil density = 1.8 g/cm**3 

1 2.760E+00 
I 1.520~+00 

I 
) Z.ZlOE-01 
1 1.2lOE-01 

4.870E-03 
2.3lDE-03 

Ra-226+0, soil density q 1.0 g/cm**3 1.550g+al 

Ra-226+0, soil density = 1.0 g/cm**3 8.560E+00 

R8-228+D, soi 1 density = 1.0 g/&3 
Re-22&D, soil density q 1.8 g/cm**3 

Th-228+D, soil density = 1.0 g/cm**3 
Th-228+D, soil density = 1.8 g/cm**3 

Th-230 , soil density = 1.0 g/cm**3 
Th-230 , soil dsnsity q 1.8 g/cm**3 

Th-232 , soil density = 1.0 g/cm**3 
Th-232 , soil density = 1.8 g/cm**3 

U-234 , soil density = 1.0 g/cm**3 
u-234 , soil density = 1.8 g/cm**3 

u-235+0 , soil density = 1.0 g/cm**3 
u-235+0 , soil density = 1.8 g/cm**3 

U-238+D , soil density = 1.0 g/cm**3 
u-23g+a , soil density = 1.8.g/cm**3 

Depth fsctors, gromd external gsnms, dimensionless: 
AC-227+D, soil density = 1.0 g/cm**3, thickness = .15 m 
AC-227+D, soil density = 1.0 g/cm**3, thickness = a.5 m 
AC-227+D, soil density = 1.0 g/cm**3, thickness = 1.0 m 
AC-227+D, soil density = 1.8 g/cm**3, thickness = .15 m 
AC-227+D, soil density = 1.8 g/cm**3, thickness = a.5 m 
AC-227+D, soil density = 1.8 g/cm**3, thickness = 1.0 m 

2.llOE-03 
l.O30E-03 

1.350E-03 
6&0E-04 

1.5gaR-03 
6.970E-04 

8.940E-01 
4.900E-01 

1.270E-01 
6.970E-02 

7.900E-01 
9.700E-01 
1.000E+00 
9.100E-01 
1.000E+00 
1.000E+00 

Pa-231 , soil density = 1.0 g/cm**3, thickness = .I5 m 
Pa-231 , soil density = 1.0 g/&*3, thickness = a.5 m 
Fe-231 , soil density = 1.0 g/cm**3, thickness = 1.0 m 
'a-231 , soil density = 1.8 g/cm**3. thickness = .I5 m 
'a-231 , soil density = 1.8 g/cm**3, thickness = 0.5 m 
Da-231 , soil density = 1.0 g/cm**3, thickness q 1.0 m 

I 

7.900E-01 
1.0002+00 
1.000~+00 
9.200E-ai 
i.000S+00 
i.000E+00 

2.760E+00 
i.520G+oa 

2.2iaE-ai 
1.2lOE-01 

4.870E-03 
2.3lDE-03 

1.550E+01 
8.5bOEtDO 

a.i80E+aa 
4.510E+00 

1.330E+al 
7.360Etaa 

2.llOE-03 
1.0302-03 

1.350E-03 
b.a40G-04 

1.580E-03 
6.970E-04 

8.9408-01 
4.90aE-01 

1.270E-ai 
6.970E-02 

7.900E-01 
9.700E-01 
1.000E+00 
9.iaoE-ai 
1.000~+00 
1.000S+00 

7.9002-01 
l.aaoE+00 
1.000E+00 
9.200E-ai 
1.000E+00 
1.000~+00 

+ 
II 
I ’ 
I 
I ’ 
I ’ 
I 

I/ 

!I 
I 

I ’ 
I ’ 
I 

II 

II 
I ’ 

II 
I ’ 

II 
I ’ 
I 

II 

I ’ 
I ’ 

I 

DCFl( 1,l) 
DCFlf 1.2) 

DCFlf 2.1) 
DCFl( 2.2) 

DCFl( 3.1) 
DCFlf 3,21 

DCFl( 4.1) 
DCFl( 4.2) 

DCFl( 5.1) 
DCFlf 5,2) 

DCFl( 6.1) 
DCFl( 6,21 

DCFlf 7.1) 
DCFlf 7.2) 

DCFl( 8,l) 
DCFl( 8.21 

DCFl( 9,lI 
DCFlf 9,2) 

DCFl(lD,l) 
DCFl(10,2) 

DCFl(ll.1) 
DCFl(ll,Z) 

FD( l,l,l) 
FD( 1,2,11 
FD( 1,3,1) 
FQ( l,1,2) 
FD( 1,2,2) 
FD( 1,3,2) 

FQ( 2,l.l) 
FDf 2,2,1) 
FD( 2,3,1) 
FD( 2.1.2) 
FD( 2,2,2) 
FD( 2,3,2) 
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Residwl Radioactivity Program, Version 4.60 03/19/93 10:13 Page 3 
surrnary : Moyuood residences, unit 1 mean resident subsrfoce, WFUAYl.002, EPA 
File : HFlUYl.002 

Dose Conversion Factor (end Related) Paremeter Sum!wy (continued) 

I 
Henu 1 

1 
I 

A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3 
A-3. 

Paremeter 
1 Current 1 
1 Value I Default 
I I 

Pb-ZlO+D, soil density = 1.0 g/cm**3, thickness = .15 m 
Pb-21O+D, soil density = 1.0 g/&*3, thickness = 0.5 m 
Pb-ZlO+D, soil density = 1.0 g/cm**3, thickness = 1.0 m 
Pb-21O+D, soil density = 1.8 g/cm*Q, thickness = .15 m 
Pb-2lO+D, soil density = 1.8 g/cnF*3, thickness = 0.5 m 
PC-ZlO+D, soil density = 1.8 g/cm**3, thickness = 1.0 m 

i 8.800E-01 i 8.800E-01 
1 l.OOOE+OO 1 l.OOOE+OO 
( l.OOOE+OO ( l.OOOE+OO 
1 9.?OOE-01 1 9.700E-01 
1 1.000E+00 1 l.OOOE+OO 
) l.OOOE+OO ) I.OOOE+OO 

I 6.300~-01 
1 9.200E-01 
1 l.OOOE+OO 
1 8.500E-01 

I 

I 

/: 

I’ 
I ’ 
I ’ 

I: 

j: 

I1 

1: 
I ’ 
I ’ 
I ’ 
I 

l-234 , soil density = 1.0 g/cm**3, thickness = .15 m 
1-234 , soil density = 1.0 g/cm**3, thickness = 0.5 m 
l-234 , soil density = 1.0 g/cm**3, thickness = 1.0 m 

J-234 , soil density q 1.8 g/cm**3, thickness = .I5 m 
1-234 , soil density = 1.8 g/crr**3, thickness = 0.5 m 
J-234 , soil density = 1.8 g/cm**3, tliickness = 1.0 m 

Ra-228+D, soil density = 1.0 g/ur**3, thickness = .15 m 
Re-228+D, soil density = 1.0 g/c&*3, thickness = 0.5 m 
Re-228+D, soil density q 1.0 g/cm**3, thickness = 1.0 m 
Ro-228+D, soil density q 1.8 g/cm**3, thickness = .15 m 
RFI-228+D, soil density q 1.8 g/&*3, thickness = 0.5 m 

Ro-228+D, SOi1 denSlty q 1.8 g/&*3, thickness 2 1.0 m 

Re-226+D, soil density = 1.0 g/cm**3, thickness = .15 m 
Re-226+D, soil density = 1.0 g/cm**3, thickness = 0.5 m 
R8-226+D, soil density q 1.0 g/&*3, thickness = 1.0 m 
Ra-226+D, soil density = 1.8 g/&*3, thickness J .15 m 
Ra-226+D, soil density = 1.8 g/&*3, thickness = 0.5 m 
RR-226+D, soil density = I.8 g/aRH3, thickness = 1.0 m 

l.OOOE+OO 
l.OOOE+OO 

6.800E-01 
9.700E-01 
l.OOOE+OO 
8.500E-01 
I.OOOE+OO 
I.OOOE+OO 

Rh-228+0, soil density = 1.0 g/&*3, thickness = .15 m 
Ah-228+D, soil density = 1.0 g/an**3, thickness = 0.5 m 
;Th-228*D, soil density = 1.0 g/&*3, thickness i: 1.0 m 
ilh-228+D, soil density = 1.8 g/&*3, thickness = .15 m 
Th-228+D, soil density = 1.8 g/&*3, thickness = 0.5 m 
Th-228+D, soil density = 1.8 g/&*3, thickness a 1.0 m 

6.100E-01 
9.400E-01 
l.OOOE+OO 
7.5oOE-01 
I.OOOE+OO 
l.OOOE+OO 

th-230 , soil density = 1.0 g/cm**3, thickness 3 .I5 m 9.3OOE-01 
Th-230 , soil density = 1.0 g/cm**3, thickness - 0.5 m l.OOOE+OO 
th-230 , soil density = 1.0 g/&*3, thickness q 1.0 m I.OOOE+OO 
Th-230 , soil density = 1.8 g/cm**3, thickness = .15 m l.OOOE+OO 
Th-230 , soil density = 1.8 g/cm**3, thickness = 0.5 m I.OOOE+OO 
th-230 , soil density = 1.8 g/cm**3, thickness = 1.0 m l.OOOE+OO 

lh-232 , soil density q 1.0 g/&*3, thickness q .15 m 
th-232 , soil density = 1.0 g/c@*3, thickness = 0.5 m 
th-232 , soil density = 1.0 g/cm**3, thickness = 1.0 m 
rh-232 , soil density = 1.0 g/cm**3, thickness = .15 m 
fh-232 , soil density = 1.8 g/cm**3, thickness = 0 5 m . 
lh-232 , soil density = 1.8 g/un**3, thickness = I.0 m 

9.500E-01 
l.OOOE+OO 
l.OOOE+OO I 

1 l.OOOE+OO 
1 l.OOOE+OO 
1 l.OOOE+OO 

; 9.000E-01 
1 l.OOOE+OO 1 l.OOOE+OO 
1 l.OOOE+OO 1 l.OOOE+OO 
1 l.OOOE+OO 1 l.OOOE+OO 

1 I.OOOE+OO 1 l.OOOE+OO 

1 l.DOOE+OO 1 l.OOOE+OO 

I I I 

I , I( 
II 
I 

i 
I ( 
1 I 

6.300E-01 
?.200E-01 
l.OOOE+OO 
L500E-01 
l.OOOE+OO 
l.OOOE+OO 

FD( 4,1,1) 
FD( 4,2,1) 
FD( 4.3.11 
FD( 4.1.2) 
FD( 4,2,2) 
FD( 4.3.2) 

I 
MOOE-01 1 FD( 5,1,1) 
?.700E-01 1 FD( 5.2.1) 
l.OOOE+OO 1 FD( 5,3,1) 

8.500E-01 I FD( 5,1,2) 
l.OOOE+OO 1 FD( 5,2,21 
l.OOOE+OO 1 FD( 5,3,2) 

I 
6.100E-01 1 FD( 6,1,1) 
9.400E-01 1 FD( 6.2.1) 
l.OOOE+OO 1 FD( 6.3.1) 
7.500E-01 1 FD( 6,1,2) 
l.OOOE+OO 1 FD( 6.2.2) 
l.OOOE+OO 1 FD( 6,3,2) 

I 
9.300E-01 1 FD( 7,1,1) 
l.OOOE+OO ] FD( 7,2,1) 

I, 
I 

I’ 

I 
I 

+ 

Parameter 
NSiTl.2 

FD( 3,l.l) 
FD( 3,2,1) 
FD( 3.3.1) 
FD( 3.1.21 
FD( 3,2,2) 
FW 3,3,2) 

l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 

9.500E-01 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 

9.000E-01 

I 

FD( 7.3.11 
FD( 7,1,2) 
FD( 7,2,2) 
FD( 7,3,2) 

FD( 8,1,11 
FD( 8,2,1) 
FD( 8,3,1) 
FD( 8,1,2) 
FW 8,2,2) 
FD( 8,3,2) 

FD( 9.1.1) 
FD( 9,2,11 
'=D( 9,3,11 
FD( 9,1,21 
FD( 9.2.2) 
FD( 9,3,2) 
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Residual Radioactivity Program, Version 4.60 03/19/93 IO:13 Page 4 
Smry : Maywood residences, unit 1 mean resident subsrface, cIFMAYl.002, EPA 
File : WFMAYl.002 

Dose Conversion Factor \and Related) Parameter Sunnary (continued) 

I 
Menu 1 

t 

*-3 
A-3 ( 
A-3 1 
A-3 1 
A-3 j 
A-3 ) 
A-3 1 

I 

d 

A-3 1 
A-3 1 
A-3 1 
A-3 j 

Parameter 
Current 

Value 

t 

U-238+0 , soil density = 1.0 g/&*3, thickness q .15 m 
U-238+D , soil density = 1.0 g/cm**3, thickness = 0.5 m 
U-238+0 , soil density = 1.0 g/cm**3, thickness = 1.0 m 
U-238+0 , soil density = 1.8 g/cm**3, thicknass = .15 m 
U-238+0 , soil density = 1.8 g/cm**3, thickness = 0.5 m 
U-238+D , soil density q 1.6 g/cm**3, thickness = 1.0 m 

Dose conversion factors for dust inhalation, mrem/pCi: 

A-3 i 
A-3 1 

I 
-6-l ( 

a 
\ B-1 1 AC-227+D 

B-l I Pa-231 

11 

B-l 1 Pb-ZlO+D 
B-1 I Ra-226+D 
B-l 1 Ra-228+D 
B-1 1 Th-228+D 

't 

B-1 1 Th-230 
E-1 I Th-232 
B-1 1 u-234 

a 

B-1 I u-235*0 
E-1 1 U-238+D 

I 
D-l 11 
D-l (/ 
D-l 11 
D-l II 

' 1 D-l ; 
D-l 1 
D-I 1 

Dose conversion factors for ingestion, mram/pCi: 
AC-227+D 
Pa-231 
Pb-ZlO+D 
Ra-226+D 
Ra-228+D 
Th-2i8+D 
Th-230 
Th-232 
u-234 
U-235+D 
U-238+D 

D-l i 

~ Q“ / D-34 1 

U-235+D , soil density = 1.0 g/csF*3, thickness = .15 m 
&235+D, soil density = 1.0 g/cm**3, thickness = 0.5 m 
U-235+D , soil density = 1.0 g/cm**3, thickness = 1.0 m 
u-235+0 , soil density = 1.8 .g/cm**3, thickness = .I5 m 
U-235+D , soil density = 1.8 g/cm**3, thickness = 0.5 m 
U-235+D , soil density = 1.8 g/cm**3, thickness = 1.0 m 

D-34 1 F 

ia -34 i 

Food transfer factors: 
hc-227+D, plant/soil concentration ratio, dimensionless 
Rc-227+D, beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
4c-227+D, milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

'a-231 , plant/soil concentration ratio, dimensionless 
'a-231 , beef/livestock-intake ratio, (pCi/kgl/(pCi/d) 

'a-231 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

( 8.7DOE-01 
1 l.OOOE+OO 
1 l.OOOE+OO 
1 l.OOOE+OO 
1 l.OOOE+OO 
1 l.OOOE+OO 

1 7.800E-01 
1 l.OOOE+OO 
1 l.OOOE+OO 
) 8.800E-01 
1 l.OOOE+OO 
1 l.OOOE+OO 

if3 

I: 
1: 
I 1 

17 

I :, 

; Y. 

I 1% 

6.700EtOO 
1.300EtOO 
2.100E-02 
7.900E-03 
4.500E-03 
3.100E-01 
3.200E-01 
1.600EtOO 
1.300E-01 
1.200E-01 
l.tOOE-01 

6.700EtOO 
1.300EtOO 
2.10DE-02 
7.900E-03 

I : 
I 
I 

4.500E-03 1 DCFZ( 51 
3.100E-01 ) DCFZ( 6) 
3.200E-01 I DCFZ( 7) 
1.600EtOO 1 DCFZ( 8) 
1.300E-01 1 DCFZ( 9) 
1.200E-01 
1.200E-01 

1.500E-02 
l.lOOE-02 
6.700E-03 
l.lOOE-03 
1.200E-03 
7.500E-04 
5.300E-04 
2.800E-03 
2.600E-04 
2.500E-04 
2.500E-04 

1.500E-02 
l.lOOE-02 
5.700E-03 
l.lOOE-03 
1.200E-03 
7.5008-04 
5.300E-04 
2.800E-03 
2.600E-04 
2.500E-04 
2.500E-04 

I 
2.500E-03 I 2.500E-03 
5.000E-03 1 5.000E-03 
2.500E-06 1 2.500E-06 

I 
2.500E-03 1 2.500E-03 
5.000E-03 1 5.000E-03 
2.500E-06 I 2.500~-06 

I 

Default 

.70DE-01 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.800E-01 

.OOOE+OO 

.OOOE+OO 

.80DE-01 

.OOOE+OO 

.OOOE+OO 

I 
I 

+ 

I ’ 
I ’ 
I ’ 

Parameter 
NSlll.S 

FD(10,l.l) 
FD(10,Z.l) 
FD(10,3,1) 
FD(l0,l.Z) 
FD(10.2.2) 
FD(10,3,2) 

FD(11.1.1) 
FD(11,Z.l) 
FD(ll.3.1) 
FD(ll,1,2) 
FD(11,2,2) 
FD(11.3.21 

DCFZ( 1) 
DCFZ( 2) 
DCFZ( 3) 
DCFZ( 4) 

DCFZ(l0) 
DCFZ(l1) 

DCF3( 1) 
DCF3( 2) 
DCF3( 3) 
DCF3( 4) 
DCF3( 5) 
DCF3( 6) 
DCF3( 7) 
DCF3( 8) 
DCF3( 9) 
DCF3(10) 
DCF3(11) 

RTF( 1.1) 
RTF( 1.2) 
RTF( 1,3) 

RTF( 2.1) 
RTF( 2.2) 
RTF( 2,3) 

t 

F-31 



Residual Radioactivity Program, Version 4.60 03/19/93 10:13 Page 5 

Sumwy : Fiaynood residences, unit 1 mean resident s&t-face, MFMAY1.002, EPA 
File : HFHAYl.002 

Dose Conversion Factor (and Related) Parameter Sunwy (continued) 

I 
Menu 
- + 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 

Parameter 

Pb-PlWD, plant/soil concentration ratio, dimensionless 
Pb-21D+D, beef/livestock-intake ratio, ipCi/kg)/CpCi/d) 
Pb-ZlWD, milk/livestock-intake ratio, (pCi/LMpCi/d) 

Ra-22&D, plant/soil concentration ratio, dimensionless 
Ra-226+D, beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
Ra-226+D, milk/livestock-intake ratio, ipCi/L)/ipCi/dI 

1 Current 1 I Parameter 
1 Vslue I Default I Name 
I I ! 
I 1 I 
( 6.800E-02 1 6.800E-02 1 RTF( 3,l) 
1 9.900E-04 1 9.900E-04 1 RTF( 3.2) 
I l.OOOE-05 1 l.OOOE-05 1 RTF( 3,3) 

I 
1.400E-03 1.400E-03 1 RTF( 4.11 
9.9008-04 9.9001-04 1 RTF( 4.2) 
2.000E-04 2.000E-04 1 RTF( 4,31 

Ra-228+D, plant/soil concentration ratio, dimensionless 
Ra-228+D, beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
Ra-228+D, milk/livestock-intake ratio, ipCi/LMpCi/d) 

Th-228+D, plant/soil concentration ratio, dimensionless 
Th-228+D, beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
Th-228+D, milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

th-230 , plant/soil concentration ratio, dimensionless 
Th-230 , beaf/livestock-intake ratio, (pCi/kg)/(pCi/d) 

I 

I’ 

I 

i 

1.400E-03 1.400E-03 ; RTFi 5,l) 
9.900E-04 9.900E-04 1 RTFi 5.2) 
2.000E-04 2.000E-04 ) RTF( 5,3) 

'+.200E-03 4.200E-03 1 RTF( 6.1) 
5.000E-03 1 5.000E-03 1 RTF( 6.21 
2.5DOE-06 1 2.5008-06 ) RTFf 6,3) 

b.ZOOE-03 1 4.200E-03 1 RTFi 7.1) 
5.000E-03 1 5.000E-03 1 RTF( 7.2) 

2.500E-06 1 2.500E-06 1 RTF( 7.31 

4.200E-03 1 4.2008-03 1 RTFf 8.1) 
5.000E-03 ) 5.OOOE-03 ) RTFi 8.2) 
2.500E-06 1 2.500E-06 1 RTFi 8.3) 

2.500E-03 ; 2.5008-03 1 RTF( 9,l) 
5.000E-03 1 5.000E-03 1 RTF( 9,2) 
6.DOOE-04 1 6.000E-04 1 RTFi 9.3) 

2.500E-03 ) 2.500E-03 ) RTF(lO,l) 
5.000E-03 I ! 5.000E-03 ( RTFilO.2) 
6.000E-04 I ’ 6.000E-04 1 RTF(10,3) 

I 
2.5001-03 2.500E-03 ( RTF(ll,l) 
5.000E-03 I! 5.DDOE-03 1 RTF(11,2) 
6.000E-04 6.000E-04 

i’ 
1 RTF(11.3) 

I 

D-34 I fh-230 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 
D-34 1 
D-34 ) Th-232 , plant/soil concentrstion ratio, dimensionless 
D-34 ) Th-232 , beef/livestock-intske ratio, (pCi/kg)/ipCi/d) 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 

D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 

D-5 
D-5 
D-5 

D-5 
D-5 
o-5 

Th-232 , milk/livestock-intake ratio, &Ci/L)/&i/d) 

u-234 , plant/soil concentration ratio, dimensionless 
u-234 * beef/livestock-intake ratio, ipCi/kg)/ipCi/d) 
u-234 , milk/livestock-intake ratio, ipCi/Ll/ipCi/d) 

U-235+D , plant/soil concentration ratio, dimensicnless 
U-235+D , beef/livestock-intake ratio, (pCi/kg)/@Ci/d) 
U.U5+D , milk/livestock-intake ratio, tpCi/L)/(pCi/d) 

W238+D , plant/soil concentration ratio, dimensionless 
U-238+D , beef/livestock-intake rstio, (pCi/kg)/(pCi/d) 
U-238+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

Bioaccurxltation factors, fresh uster, L/kg: 
AC-227+D, fish 
AC-227+D, crustacea and mollusks 

Pa-231 , fish 
Pe-231 , crustacea and mollusks 

Pb-ZlO+D, fish 
Pb-ZlO+D, crustacea and mollusks 

Ra-226+D, fish 
Rs-226+0, crustacea and mollusks 

Ra-228+0, fish 
Ra-22&D, crustscea and mollusks 

F-32 

I 

I! 
I ’ 

; 2.500EtOl 
1 l.OOOE+03 

; l.lOOE+Ol 
1 l.lOOE+Oi! 

1 l.OOOE+02 

2.500EtOl 1 BIOFACi 1.1) 
l.OOOEt03 1 BIOFA'X 1,21 

l.lOOE+Ol ; BIOFACf 2,l) 
I.lOOE+02 1 BtOFACi 2.2) 

l.OODE+02 1 BIOFACi 3,l) 
) BIOFACi 3.2) 

I 
1 l.OOOE+02 1 l.OOOEt02 

; 5.000EtOl 
I 
1 5.000EtOl 

1 2.500Et02 1 2.500Et02 

; 5.000E+Ol 1 5.000EtOl 

1 2.5008+02 1 2.500Et02 

EIOFACi 4.1) 
EIOFAC( 4.2) 

BIOFACi 5.11 
EIOFACi 5,2) 

1 
51 
1 
1 
I 
t 
3 ,- I t 
I! 
I 
z 
1 
4 
I 
‘1 
J 
i 
8 
4 



, R&?.idusl 
sumlary 
File 

Radioactivity Program. Version 4.60 03/19/93 10:13 Page 6 
: Raywood residences, mit 1 mean resident subsrface, RWAYl.002, EPA 
: RFMAY1.002 

I 

D-5 ( 

3 

D-5 ) 

I 

D-5 1 
D-5 ) 

_ D-5 1 
D-5 1 

v 0-5 i 
D-5 1 

D-5 
w 

1 
D-5 1 

y D-5 1 
D-5 1 

1 D-5 1 

Dose Ccnversicn Factor (end Related) Parmeter Sumary (continued) 

Pam-aster 
I 
I 

+ 
Th-22&D, fish 3.OOOE+Ol 

lh-228+D, cruatacea and mollusks 5.OOOE+O2 

Th-230 , fish 
Th-230 , crustaces and mcllusks 

Th-232 , fish 
Th-232 , crustaces and mollusks 

u-234 , fish 
U-234 , crustacea and mollusks 

I 
3.OOOE+Ol 
5.OOOE+O2 

3.OOOE+Ol 
5.OOOE+O2 

2.0OOE+OO 
6.oooE+o1 

Current 
VSLW 

U-235+O , fish 
u-235+D, crustacee and mllusks 

U-238+D , fish 
IJ-238+D , crustacea end mollusks 

; 2.000E+OO 
) 6.oooE+o1 

I 
1 2.OOOE+OO 
( 6.oooE+o1 

3.OOOE+Ol 
5.OOOE+O2 

3.0OOE+Ol 
5.OOOE+O2 

3.OOOE+Ol 
5.OOOE+O2 

2.OOOE+OO 
6.oooE*o1 

2.OOOE+OO 
6.OOOE+Dl 

2.OOOE+OO 
&OOOE+Dl 

Parameter 
Name 

BIOFACX 6,l) 
BIOFAU 6.2) 

BIOFAC( 7.1) 
BIOFAC( 7,2) 

BIOFAC( 8.1) 
BIOFAC( 8,2) 

BIOFACf 9.1) 
BIOFAC( 9.2) 

BXOFAC(lO,l) 
BIOFAC(lO,Z) 

BIOFAC(11.1) 
BIOFAC(ll,Z) 

F-33 



Residual Radioactivity Program, Version 4.60 03/19/93 10:13 Page 7 

Sunnery : Moywxd residences, vlit 1 mean resident subsrface, RFHAYl.002, EPA 
File : nFK4Yl.002 

Site-Specific Parameter Suasary 

tlenu 

Roll 
Roll 
Roll 
Roll 
Roll 
Roll 
Roll 
Roll 
RDl 
RO' 
ROl' 
ROl' 
ROl' 
RO" 

J 

I 

1 User ( I Used by RESRAD ) Parameter 

Input I Default I (If different from user input) 1 NFHIE + 1 
I I J 

/ 

I 

8.000E+02 
2.000E+00 
'.000E+02 
1.000E+02 
0.000E+00 
'.OOOE+OO 
3.000E+00 
l.DOOE+Ol 
3.000E+0' 
1.000E+02 
1.500E+02 
3.000E+02 
l.000E+03 
3.000E+03 

l.ODDE+04 
1.OOOE+00 
l.OOOE+02 
l.OOOE+02 
0.000E+00 
1.000E+00 
3.OOOE+00 
l.OOOE+01 
3.000E+Ol 
1.00OE+02 
3.000E+02 
1.000E+03 
3.000E+03 
l.OOOE+O4 

AREA 
TH 1 CKD 
LCZPAa 
BRLD 
TI 
Ti 2) 
l( 3) 
T( 4) 
T( 5) 
T( 6) 
T( 7) 
T( 8) 
T( 9) 
T(101 

s 
1 

1.200E-01 
1.2DOE-01 
3.000E-01 
3.000E-01 
'.570E+OO 
1.570EtOO 

'Initial principal radicnuclide @G/g): Th-230 1 2.320E+OO 
Initial principal radionuclids (pCi/g): Th-232 1 l.570EtOO 

Ii 
II 
I’ 
I ’ 

/ 

0.000E+00 
0.000E+00 
O.O00E+OO 
0.000E+00 
D.OOOE+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E*OO 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 

SC 1) 
SC 2) 
SC 3) 
S( 4) 
St 5) 
SC 61 
SI 7) 
SC 81 
SC 9) 
S(101 
S(lll 
UC 11 
UC 21 
UC 3) 
WC 4) 
WC 51 
WC 61 
W( 7) 
UC 81 

UC 9) 
WlO) 
W'll 

Parameter 

Area of cor&sedttated zone (m**2) 
Thickness of contaminated zone Cm) 
Length parallel to aquifer flow (m) 

(Basic radiation &se limit (mrem/yr) 
'Time since plecament of material (yr) 
'Times for calculations (yr) 
limes for calculations (yr) 
Times for calculations (yr) 
'Times for calculations (yr) 
'Times for calculations (yr) 
Times for calculations (yr) 
'Timas for calculations (yr) 
'Times for calculations (yr) 
'Times for calculations (yr) 

iInitial principal radionuclide (pCi/g): AC-227 
llnitial principal radiotwclids (pCi/g): Pa-231 
'Initial principal radionuclide @G/g): Pb-210 
Initial principal radionuclids (pCi/g): Re-226 
'Initial principal radionuclide (pCi/g): Ra-228 
IInitial principal radiorwlide @G/g): Th-228 

’ I 
1 I 
’ I 
’ I 
’ I 
’ I 

A > 
!I , 
1 
, 
21 
2 I 

ROli 
ROli 
ROli 
ROli 
ROli 
ROli 
ROl- 
ROl, 
ROl; 
ROl; 
ROl; 
ROl; 
ROli 
ROli 
ROli 
ROli 
ROli 
ROli 
ROl; 
ROli 
ROli 
RO12 

R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 

2 I 
2 I 
2 I , 
4 > 
!I , 
, 
1 
3 
, 
4 
’ I 

II 
I ’ 
I ’ 
I ’ 
I ’ 
I ( 
I f 
I ( 
I ( 
I ’ 
1 E 
1 F 

I 

/I 1 i 
Ii 
I ’ 
I 

0.000E*00 
1.6OOE+OO 
l.OOOE-03 
1.600E+00 
l.OOOE-03 
&.OOOE-01 
Z.OOOE-01 
1.00OE+0' 
;.3OOE+OO 
3.000E+00 
$.OOOE-01 
l.OOOE+OO 

COVER0 
DENSCV 
vcv 
DENSCZ 
vcz 
TPCi! 
EPCZ 
HCCZ 
BCZ 
HUMID 
EVAPTR 
PRECIP 

lnitiel principal radionuclids (pCi/g): U-234 
Initial principal radionuclids @Ci/g): U-235 
Initial principal radionuclida (pCi/g): U-238 
Concentration in growJuster (pCi/L): AC-227 
Concentration in growbduater (*i/L): Pa-231 
Concentration in groudwater (pCi/L): Pb-210 
Concentration in grwndwater (pCi/L): Re-226 
Concentration in grounduater (pCi/L): Ra-228 
Concantration in grouxiwater (pCi/L): Th-226 
Concentration in groundnater (pCi/L): Th-230 
Concentration in grounduater @Ci/L): Th-232 
Concentration in groundwater (pCi/L): U-234 

Concentration in grouxluater (pCi/L): U-235 
Concentration in groindvatcr (pCi/L): U-238 

Dover depth (m) 
lensity of cover material (g/cm**3) 
lover depth erosion rate (m/yr) 
llensity of contaminated zone (g/cm**3) 
lontaminated zone erosion rate Wyr) 
lontaminated zone total porosity 
:ontaminatad zone effective porosity 
:ontaminated zone hydraulic conductivity (m/yr) 
bntaminated zone b parmeter 
lusidity in air (g/cm**3) 
ivapotranspiration coefficient 
'recipitation (m/yr) 

2.320E+OO 
l.tOOE-01 
2.3201+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.50OE-01 
'.600E+00 
'.OOOE-03 
1.600E+00 
'.000E-03 
4.5OOE-01 
2.6OOE-01 
'.23OE+O2 
5.3OOE+OO 
Rot used 
6.600E-01 
'.07OE+OO 

‘-34 

3 
;I 
1 
1 

___ 
___ 

___ 
-_- 

___ 
___ 
___ 
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Residual Radioactivity Program, Version 4.60 03/'9/93 10:13 Page 8 
summy : nayuocd residences, unit 1 mean resident subsrface, MFPAY1.002, EPA 

. File : MFUAY1.002 

1 Site-specific Parameter Summry (continued) 

0 I 
Menu 1 Parameter 

I 
I 

I 
R013 ) 
RD13 1 
R013 ) 
R013 1 

1 R013 i 

I 
R014 1 
R014 ( 
R014 1 
R014 1 
R014 j 
R014 1 
R014 1 
R014 ) 

R014 / R014 ) 

1 

R0'5 ( 
R015 
R015 1 
ROlf 1 

I 

R015 
R015 1 I 
R015 

J 

I 
R016 1 I 
ROM 1 

1 

R016 ( 
R016 I 
R016 I 

I 

1 
R016 I I 
ROl6 I 
R016 I 
R016 I 
RO'6 I 

I 

1 

~016 i t 
R016 I 
RO'6 ( 
ROl6 I 

51 

R016 1 

I 
ROl6 ( 0 

., ROl6 I 

I 
R016 1 
RO'6 ) 
R016 I 

I 

1 

Irrigation Wyr) 
Irrigation mods 
RImoff coefficient 
Uatershed area for nearby stream or pond (m**2) 
Accuracy for water/soil computations 

Density of saturated zone (g/cm**31 
Saturated zone total porosity 
Saturated zone effective porosity 
Saturated zone hydraulic conductivity tm/yr) 
Saturated zone hydraulic gradient 
Saturated zone b paremeter 
Uater table drop rate (m/yr) 
Uell pnp intake depth (m belou water table) 
Hodel: Nondispersion (ND) or Wass-Balance (MB) 
Individual~s use of grotiater (m**3/yr) 

Nwber of unsaturated zone strata 
Unsat. zone 1, thickness (m) 
Unset. zone 1, soil density (g/cm**3) 
Unset. zone 1, total porosity 
Unsat. zone 1, effective porosity 
Unset. zone 1, soil-specific b parameter 
Unset. zone 1, hydraulic ccnductivity (m/yr) 

Distribution coefficimts for AC-227 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cmt*3/g) 
Leach rate (fyr) 

)istribution coefficients for Pa-231 
Contminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 

listribution coefficients for Pb-210 
Contemineted zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 

listribution coefficients for Ra-226 

Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated *one (cm**3/g) 
Leach rate (/yr) 

User 

1wJt 

2.000E-02 
overhead 
2.500E-01 
5.575E+04 
l.OOOE-03 

1.600E+00 
4.500E-01 
2.600E-01 
1.230E+02 
l.OOOE-0' 
5.90OE+OO 
l.OOOE-03 
1.000E+00 
ND 
not used 

1 
1.500E-01 
1.600E+OO 
4.500E-01 
2.600E-01 
5.900E+OO 
1.23OE+OO 

2.000E+01 
2.000E+01 
2.000E+01 
0.000E+00 

5.000E+0' 
5.000E+01 
5.000E+Ol 
0.00OE+00 

1.000E+02 
1.000E+02 
1.000E+02 

1 O.OOOE+OO 

I 

1 7.000E+01 
1 7.000E+01 
) 7.000E+01 
1 0.000E+00 

F-35 

I 
I 

+ 
Default 

2.000E-01 
overhead 
2.000E-01 
1.000E+06 
l.OOOE-03 

1.600E+00 
'+.OOOE-01 
2.000E-01 
1.000E+02 
2.000E-02 
5.300E+OO 
l.OOOE-03 
1.000E+01 
BD 
1.500E+02 

1 
4.000E+00 
1.600E+00 
4.000E-01 
2.000E-01 
5.300E+OO 
1.000E+02 

2.000E+Ol 
2.000E+01 
2.000E+01 
0.000E+00 

5.000E+Ol 
5.000E+01 
5.000E+01 
0.00DE+00 

1.000E+02 
1.000E+02 
1.000E+02 
0.000E+00 

7.000E+01 
7.000E+Ol 
7.000E+01 
0.000E+00 

I 
I 

f 

I 

Used by RESRAD 
(If different from user input) 

__- 
-_- 
__- 

6.876E-03 

__- 
__- 
__- 

2.766E-03 

-_- 
__- 
_-_ 

1.385E-03 

__- 
__- 
__- 

1.978E-03 

I 
I 

+ 

Parameter 
NWE 

RI 
IDITCH 
RUNOFF 
UAREA 
EPS. 

DENSAg 
TPSZ 
EPSZ 
HCSZ 
HGUT 
BSZ 
VI/T 
DUlBUT 
HCDEL 
uu 

NS 

H(1) 
DENS&?(l) 
TPUZfl) 
EPUZ(1) 
BUZ(1) 
HCUZ(1) 

DCACTC( 1 
DCACTU( 1 
DCACTS( 1 
RLEACH( 1 

DCACTC( 2) 
DCACTU( 2.1) 
DCACTS( 2) 
RLEACH( 2) 

DCACTC( 3) 
DCACTM 3,l) 
DCACTS( 3) 
RLEACH( 3) 

DCACTC( 4) 
DCACTU( 4.1) 
DCACTS( 4) 
RLEACHC &I 



Residual Radioactivity Program, Version 4.60 03/19/93 10:13 Psge 9 
smry : Heywood residences, unit 1 masn resident subsrfsce, MFMAYl.002, EPA 
File : WFMY1.002 

Site-Specific Parameter Suanary (continued) 

1 
L 

Paremeter 

~016 1 Distribution coefficients for Ra-228 
R016 1 CotXfmintlted zone (cm**3/g) 
ROl6 1 Unsaturated zone 1 (&*3/g) 
R016 ( Saturated zone (cnF*3/g) 
R016 I Leach rate (/yr) 

I 
R016 1 Distribution coafficiants for Th-228 
ROT6 ) Contaminated Zone (tm**3/g) 
RDl6 J Unsaturated tone 1 (cm**3/91 
R016 
R016 

R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
ROl6 

ROT6 
R016 

R016 
R016 
R016 

I 

I 

I 

I ’ 

Ssturated zone tcm’*3/g) 
Leach rate (Iyr) 

Distribution coafficiants for Th-230 
Contaminated zone (c&*3/9) 
Unsaturated zone 1 (r&*3/g) 
Saturated rone (cm**33/g) 
Leach rate (/yr) 

Distribution coefficients for lh-232 
Contaminated zone (cm**3/g) 
unsetureted tone 1 wm**3/g) 
Saturated xona (&*3/g) 
Leach rate (/yr) 

Distribution coafficiants for U-234 
Contaminated Zone (un'*3/g) 

IUnsaturated zone 1 (cs**3/g) 
Saturated zone (&*3/g) 
#Leach rate (/yrl 

Iistribution coefficients for U-235 
Contaminated zone tanH3/g) 
Unsstureted zone 1 (cm**3/g) 
Saturated zone (cm**3/gl 
Leach rate (/yr) 

tistrikrtion coefficients for U-236 
contminated zone (cnP3/9) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (c@3/g) 
Leach rate (/yrI 

R017 1 lnbelation rate Un**3/yr) 
R017 1 Msss loading for inhalation tg/m**3) 

User 

lwt Defeult 
Used by RESRAO 

(If different from user input) 

I I 
7.00OE+01 ) 7.000E+Ol 1 
7.000E+01 1 7.000E+Dl 1 
7.000E+Ol 1 7.000E+Ol 1 
O.OOOE+OO 1 O.OOOE+OO 1 

I I 

6.0002*04 ) 6.000E+04 1 
6.OOOE+O4 1 6.000EtO4 ( 
6.000~+04 ) 6.000E+D4 ) 
O.ODOE+OO 1 O.OOOE+OO 

1 
6,000E+O4 I 6.000E+O4 
6.000Et04 1 6.000E+O4 
6.000~+04 1 6.000E+D4 

1 O.OOOE+OO 

I 

1 6.000E+04 
1 6.000E+O4 
) 6.000E+O4 
1 o.oooE+oo 

I 

1 5.000E+01 
1 S.OODE+Dl 
1 S.OOOE+Ol 
1 O.OOOE+OO 

i 
1 5.0005*01 
1 5.000E+Ol 
1 5.000E+Ol 
1 O.OOOE+OO 

I 
I 
) 5.000E+Ol 
) S.OOOE+Ol 
1 5.000E+Ol 
1 O.OODE+OO 

I 
1 5.430E+03 
1 1.5OOE-05 

R017 ( Dilution length for airborne dust, inhalation (m)l 3.000EtOO 
R017 1 Exposure duration ) 9.000E+OD 
R017 1 Shielding factor, inhalation 1 4.000E-01 
R017 I Shielding factor, external gwne ) &OOOE-01 
R017 { Fraction of time spent indoors 1 6.500E-01 
R017 1 Fraction of time spent outdoors ton site) 1 2.000E-02 

F-36 

I 
I 

I 
I 

I 
I 

/ 

I 
I 

O.OOOE*OO 

6.0DOE+04 
6.00OE+04 
6.00oE+O4 
O.OOOE+OO 

5.000E+Ol 
5.000EtOl 
5.000E+Ol 
O.OOOE+OO 

5.0DOE+Ol 
5.00DE+Ol 
5.000E+Ol 
O.OOOE+OO 

S.OOOE+Ol 
5.000E+Dl 
5.000E*Ol 
O.OOOE+OO 1 

I 
8.400E+03 
2JJOOE-04 
3.000E+00 
3.000E+Ol 
4.000E-01 
7.000E-01 
5 .OOOE-01 
2.5DOE-01 

__- 
w-e 
e-. 

1.9788-03 

___ 
___ 

2.313E-06 

DCACTC( 6) 
DCACW 6,l) 
DCACTS? 6) Y 

RLEACH( 6) 

d 
___ 
-__ 
___ 

2.3l3E-06 

DCACTCf 7) 
DCACTM 7,lI 
DCACTS( 7) 
RLEACH( 7) 

___ 
___ 
___ 

2.313E-06 

DCACTC( 8) 1 

DCACTM 8.1) 
DCACTS( 81 

RLEACH( 8) D 

-__ 
___ 

___ 

2.766E-03 

DCACTC( 9) 1 
DCACTlJf 9,l) 
DCACTS( 9) 
RLEACH( 9) 

___ DCACTCflOl 
___ DCACTU(lO.l) 
___ DCACTS(10) 

2.766E-03 RLEACH(10) 

___ 
___ 

--_ 

2.766E-03 

DCACTC(11) 
DCACTU(ll,l) 
DCACTS(11) 

1 

RLEACH(l1) 

INHALR 
HLINH 
LM 
ED II 
SHF3 
SHF1 
FIND 

9 
FOTD 

1 Parameter 

I 
I 

I 
1 DCACTC( 5) 
) DCACTW 5.1) 1 

DCACTSC 51 
RLEACH( 5) 

1 
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Swsary : Maywood residences, vlit 1 mean resident subsrface, MFMAY1.002, EPA 

File 

fi 

: MFNAYl.OD2 

Site-Specific Paremeter Sunnary (continued) 

1 Menu I 1 
I User I 

Permeter I 1nplt Default 

‘_f_ + + 
RO17 ( Shape factor, external gamss l.OOOE+OO l.OOOE+OO 

I R017 R017 1 1 Fractions of ennuler areas within AREA: / 
Outer emutar radius Cm) q J(l/r) not used 1.00OE+00 

R017 1 Outer annular radius cm) = J(lO/r) not used I l .OOOE+OO 

R017 , II 1 Wter annular radius (m) q &20/r) not used l.OOOE+OD 
R017 1 Outer annular radius (m) = &50/r) not usf!d 1.000E+00 

R017 1 Outer annular radius (m) = &100/r) not used l.OOOE+OO 

R017 s ,RD17 R017 1 1 1 Outer ennular radius Cm) q &200/r) not used 1 l.DOOE+DO 

Outer annuler radius Cm) = &500/r) 
Outer armtlar radius (ml = &1000/o) 

R017 ( Cuter snrwlar radius (m) = J(SDOO/r) 
I R017 1 Outer emuler radius Cm) = &l.E+04/r) 

FRO17 ) Outer annuler radius (m) = J(l.E+05/r) 
R017 1 Outer annular radius (m) q J(l.E+06/rl 

3 ,ROlg 1 I 
Fruits, vegetables and grain consumption (kg/yr) 

ROW ) Leafy vegetable consumption Ckg/yr) I 
ROlg Milk constmptim (L/yr) 

Jl ROl8 ROT8 1 1 1 
not used 

Meet end poultry conaurption (kg&r) not used 
Fish consumption (kg/yr) O.OODE+OO 

RD18 ) 1 Other seafood consumption (kg/yr) O.OODE+OO 
8 RDlg R018 1 Soil ingestion rete (g/yr) 2.1OOE+Dl 

ROIFJ ( I Drinking uater intake CL&r) 4.900EtOP 
1 Fraction of drinking nater from site l.OODE-02 

ROlg 1 

J I 
Fraction of aquatic food from site l.OOOE-02 

not used 1 l.OOOE+OD 
not used \ l.OOOE+OO 
not t&d 1 l.OOOE+OO 
not used 1 l.OOOE+OO 
not used ) O.DOOE*OD 
not used 1 O.OOOE+OD 

I 
1.350EtOl ( 1.600E+02 
4.00DEtDD 1 1.400E+Dl 

9.200E+Ol 
6.300E+Ol 
5.4DOE+OO 
9.00DE-01 
3.6508+01 
5.100~+02 
l.OOOE+OO 
S.ODOE-01 

R019 ( I Livestock fodder inteke for meet (kg/dsy) I not used 
R019 ) I Livestock fodder intske for milk (kg&y) II not used 

Livestock uater intake for meat (L/day) 

& NO19 019 1 ) I I 
1 not used 

Livestock uater intake for milk (L/day) 11 not used 
R019 1 I lass loading for folier deposition (g/m**31 l.ODOE-04 

)epth of soil mixing layer (m) 
4 019 019 019 ) 1 I: I I 

I l.SDOE-01 
)epth of roots (m) , P.OOOE-01 

I n-inking uater fraction from groti uater I, l .OOOE+OO 
R019 ) I 

J I 

.ivestock water fraction from ground uater I ilct used 
a19 ( I Irrigation fraction from grovd uster /, l .OOOE+OO 

6.gOOE+Ol 
5.500EtOl 
S.ODOE+Ol 
1.600Et02 
l.OOOE-04 
l.SOOE-01 
9.000E-01 
l.OOOE+OO 
l.OOOE+OO 
l.ODOE+OO 

R021 ( 1 'hickness of building found&ion (m) i* l.SOOE-01 
lulk density of building foundation (g/cm**3) / 1 021)E 2.400EtOO 

021 ) 1 'otal porosity of the cover material Ii 1.000E-01 
021 1 1 'otsl porosity of the building foundation I.OOOE-01 
021 

ll 

I \i lolusetric uater content of the cover materiel I! j.OOOE-02 
02l)L rolunetric nater content of the foundation I ’ I.OOOE-02 
021 1 D liffusion coefficient for radon gss (m/set): I 

R021 ) in cover material 

li: 

) 2.000E-06 

21 I in fowdation material 1 2.000E-08 

21 I in contaminated zone soil 1 2.0DOE-06 
RO21 1 R adon vertical dimension of mixing (ml 1 2.0DOEtOO 

B 

21 I A verage arwal uind speed (m/set) 5.300E+OO ( 2.000EtOO 
21 ) A verage building air exchange rete (l/hr) l.OOOE+OO 1 l.OODE+OO 

RO21 ) II eight of the building (room) (m) 2.500E+OO 1 2.500E+OO 

B 
F-37 

l.SODE-01 
2.400E+OD 
4.000E-01 
l.OOOE-01 
l.OOOE-01 
S.OOOE-02 ) 

I 
2.000E-06 1 
2.000E-08 ) 
2.0DOE-06 ( 
2.000E+OO 1 

I 

I 

+ 

Used by RESRAD 
(If different frcm user input) 

___ 

_-_ 

--_ 

-_- 

--- 

-__ 

___ 

--- 

-__ 

-__ 

--_ 

--- 

-__ 

___ 

_-_ 

_-_ 

--_ 

--- 

_-_ 

--_ 

--- 

w-s 

_-- 

_-- 

*-- 

_-- 

-__ 

_-- 

_-- 

_-- 

___ 

_-_ 

_-- 

--- 

___ 

__- 

-_- 

_-- 

_-- 

--- 

0-w 

--- 

--- 

_-- 

es- 

_-- 

I 
I 

+ 

Parameter 
Name 

FSl 

FRACAf 1) 
FRACA( 2) 
FRACAf 3) 
FRACA( 4) 
FRACAf 5) 
FRACA( 6) 
FRACA( 7) 
FRACAt 8) 
FRACA( 9) 
FRACA(10) 
FRACAfll) 
FRACA(12) 

DIET(l) 
DIET(Z) 
DIETC3) 
DIET(4) 
DIET(S) 
DIET(6) 
SOIL 
DWI 
FDU 
FR9 

LF15 
LFl6 
LU15 
LW16 
MLFD 
DH 
DRCOT 
FGVDW 
FGWLW 
FGUIR 

FLOOR 
DENSFL 
TPCV 
TPFL 
PHZOCV 
PHEOFL 

DIFCV 
DIFFL 
DTFCZ 
HHTX 
UIND 
REXG I 
HRM 



? 

RasiduQi Radioactivity Pragram, Version 4.60 03/'19/93 10:13 Page 11 
surmary : Haywood rasidsncas, Imit 1 mean resident subsrfece, WFMAY1.002, EPA 
File : MFMY1.002 

Site-Specific Parwater Sumwy (continued) 

I 
Wenu 1 Parameter 

1 User ) Used by RESRAD ) Parameter 
1 Input 1 Default 1 (If different from user input) 1 

' 
Name 

RO21 1 Building interior araa factor 
R021 ( Building depth belou grouwl surface (m) 
ROPl 1 Envlnating power of Rn-222 gas 
R021 ( Emsnatitw pouar of M-220 gas 

, 

j l .OOOE+OO i O.OOOE+OO i ___ i FAI d I 
1 l .OOOE+OO 1 l .OOOE+OO I --_ ( DMFL 
1 2.0OOE-01 1 2.000E-01 I __- 1 EMANA(1) 
1 l.OOOE-01 / l.OOOE-01 1 ___ 1 EHANACZ) _ L 
I I I , 

Sumwy of Pathway Selections 

Pathway I User selection 

1 -- external gwTRa 
2 -- inhalation 
3 -- plant ingestion 
4 -- meat ingestion 
5 -- milk ingestion 
6 -- aquatic foods 
7 -- drinking uatar 
8 -- soil ingestion 
P--radon 

active 
active 
active 

suppressed 
suppressed 

active 
active 
active 
active 

9 

F-38 



Residual Radioactivity Program, Version 4.60 03/19/93 10:13 Page 12 
sum!ary : naywood residences, UIit 1 mean resident subsrface, HFMAY1.002, EPA 
File : UFlUY1.002 

Contaminated Zone Dimensions 

I- 

Initial Soil Concentrations, pCi/g 

.L Area: 800.00 square meters AC-227 l.tOOE-01 

Thickness: 2.00 meters pa-231 1.200E-01 
Cover Depth: 0.15 meters Pb-210 3.000E-01 

I Ra-226 3.000E-01 
Ra-228 1.570E+OO 

I - 

Th-228 l.!i70E+00 
Th-230 2.320E+OO 
Th-232 1.570E+00 
U-234 2.320E+OO 
U-235 1.200E-01 
U-238 2.320E+OO 

Total Dose TDOSE(t), mram/yr 
Basic Radiation Dose Limit q 100 mram/yr 

Total Mixture Sun M(t) q Fraction of Basic Dose Limit Received at Time (t) 

t (years): O.OOOEtOO l.OOOE+OO 3.000EtOO l.OOOE+Ol 3.000EtOl l.OOOE+02 1.500E+02 3.000E+02 1.OOOE+03 3.000E+03 
TDOSE(t): 6.078EtOO 6.121E+OO 6.204EtOO 6.545EtOO 7.857~+00 1.410E+Ol 2.160E+Ol 2.167E+Ol 2.160EtOl 1.731E-04 

net,: 6.078E-02 6.1218-02 6.204E-02 6.545E-02 7.857~-02 1.410E-01 2.160E-01 2.167E-01 2.160E-01 1.731E-06 

Maxiwn TDOSEtt): 2.167E+Dl mrem/yr at t = 385.3 i 0.4 years 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mram/yr and Fraction of Total Dose At t = 385.3 years 

d Uater Independent Pathways 

i Gromd Dust Plant Meat Hill: 
Radio- 
Wuclide mram/yr fract. 

m- 
mrem/yr fract. mremfyr fract. mramJyr fract. mremtyr fract. mrem/yr fract. 

- - - - - - 

AC-227 5.275E-08 0.0000 5.397E-09 0.0000 D.OOOE+OO 0.0000 l.O29E-DE 0.0000 O.ODOE+OO 0.0000 O.OOOE+OO 0.0000 

J ,Pa-231 Pb-210 5.3498-02 2.358E-09 0.0025 0.0000 6.121E-03 4.794E-10 0.0003 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 3.531E-06 1.750E-02 0.0008 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 
Ra-226 9.007E-01 0.0416 7X61-05 0.0000 1.546E-01 0.0071 3.922~-01 0.0181 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

7 Ra-228 Th-228 h-230 O.OOOE+OO 7.4UE-20 1.914EtOO 0.0000 0.0000 0.0884 5.216E-23 O.OOOE+OO 1.538E-02 0.0000 0.0007 0.0000 3.283E-01 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 0.0152 2.420E-22 O.OOOE+OO 7.670E-01 0.0000 0.0000 0.0354 O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.0000 0.0000 0.0000 O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.0000 0.0000 0.0000 
Th-232 1.626E+Ol 0.7505 6.176E-02 0.0029 4.301E-02 0.0020 l.ElEE-01 0.0084 O.OOOE+DO 0.0000 O.OOOE+OO 0.0000 

4 -234 -235 3.225E-03 1&3E-02 0.0001 0.0009 2.173E-03 1.494E-04 0.0001 0.0000 4.631E-04 O.OOOEtOO 0.0000 0.0000 4.691E-03 3.189E-04 0.0002 0.0000 D.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 
U-238 4.9538-02 0.0023 1.980E-03 O.DOOl 1.511E-07 0.0000 3.514E-03 0.0002 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

t 0taL 
--- 

1.920E+Ol 0.8862 8.763E-02 0.0040 5.2&E-01 0.0243 1.367mOO 0.0631 0.000E+00 0.0000 O.OOOE+OO o.0000 

F-39 

Soil 

mrem/yr fract. 

2.757E-09 0.0000 
4.687E-03 0.0002 
3.489E-OS 0.0000 
4.475E-03 0.0002 
5.874~-23 0.0000 
O.OOOE+OO 0.0000 
1.426E-02 0.0007 
3.482E-02 0.0016 
l.OOOE-03 0.0000 
8.542E-05 0.0000 
9.410E-04 0.0000 

6.026E-02 0.0028 



Residual Radioactivity Program, Version 4.60 03/19/93 IO:13 Page 13 
Sumary : Rayuood residences, unit 1 mean resident SubsrfSCS, HFMAY1.002. EPA 
File : WFffAYl.002 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclidas fi) and Pathuays (p) 
As mram/yr and Fraction of Total Dose At t = 385.3 years 

Uater Dependent Pathuays 

Uater 
Redio- 
Nuclide mrem/yr fract. 

AC-227 3.7G-E.07 0.0000 
Pa-231 1.993E-01 0.0092 
Pb-210 5.347R-05 0.0000 
Ra-226 6.949E-02 0.0032 
Ra-228 1.99%12 0.0000 
Th-228 O.ODOE+OO 0.0000 
Th-230 #6.250E-02 0.0029 
Th-232 14.275E-05 0.0000 
U-234 2.515E-02 0.0012 
u-235 2.664E-03 0.0001 
U-238 2.414E-02 0.0011 

Fish Radon 

mram/yr tract. mremfyr frect. 

O.OOOE+OO 0.0000 O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.DOOEtOO 0.0000 2.919E-03 0.0001 
O.OOOE+OO 0.0000 4.5151-15 0.0000 
O.OOOEtOO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+W 0.0000 3.216E-03 0.0001 
O.OOOE+OO 0.0000 3.070E-12 0.0000 
O.OOOE+OO 0.0000 5.233E-06 D.DDDD 
0.000EtOO 0.0000 O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 1.6458-09 0.0000 

Plant Heat Milk 

mremfyr fract. 

3.426E-08 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
1.8368-02 0.0008 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
5.006E-06 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
6.488X-03 0.0003 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 
l-8421-13 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

5.832E-03 0.0003 O.OOOEtOO 0.0000 O.OOOE+OO 0.0000 

3.939E-06 0.0000 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 

2.318E-03 0.0001 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

2.455E-04 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

2.2258-03 0.0001 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

mremfyr fract. mram/yr tract. 

Total :3.833E-01 0.0177 O.ODDE+OD 0.0000 6.14OE-03 0.0003 3.548E-02 0.0016 D.OOOE+DO 0.0000 O.OOOE+OO 0.0000 

4.772E-07 0. 
2.994E-01 0.C 
6.205E-05 0.0000 
1.531E+OO 0.0' 
2.187E-12 0. 

f O.OOOE+OO 0.D ll 

8.234E-02 0.0 

2.167E+Ol l.ooDo 

*Sun of iall uater independent and dependent pathuays. 
J 

F-40 
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Sunnary : Hayuood residences, vlit 1 mean resident subsrface, MFMAY1.002, EPA 
File : HFHAYl.002 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mram/yr and Fraction of Total Dose At t = O.OOOE+OO years 

3 
Uater Independent Pathways 

Gromd Dust Radon Plant Heat Hilk Soi 1 

I 

Radio- 
Nuclide mrcm/yr fract. mrem/yr frect. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

'I Ac-227 Pa-231 1.944E.02 1.453E-03 0.0032 0.0002 O.OOOEtOO D.OOOEtOO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 2.625E-02 1.925E-02 0.0043 0.0032 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 
Pb-210 3.355E.05 0.0000 O.OOOE+OO 0.0000 O.OOOEtOO 0.0000 7.973E-01 0.1312 O.ODOE+OO 0.0000 O.DOOE*OO 0.0000 O.OOOE+OO 0.0000 
Ra-226 4.6738-01 0.0769 
Ra-228 1.210E+OO 0.1991 
Th-22$ 2.9228+00 0.4807 
Th-230 3.8298-05 0.0000 

y1 

Th-232 l.lOPE-05 0.0000 
U-234 3.796E-05 0.0000 
U-235 1.700E-03 0.0003 

1 U-238 --m 2.085E-02 0.0034 

Total 4.6431+00 0.7639 

O.OOOEtOO 0.0000 3.8998-01 0.0641 
O.OOOEtOO 0.0000 O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOEtOO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOEtOO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
-m 

O.OOOEtDO 0.0000 3.899E-01 0.0641 

2.695E-03 0.0004 
1.539E-02 0.0025 
2.8858-02 0.0047 
3.013E-02 0.0050 
l.O77E-01 0.0177 
8.797E-03 0.0014 
4.3758-04 0.0001 
8.4588-03 0.0014 

l.O45E+00 0.1720 

O.OOOEtOO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (il and Pathuays (p) 
As mrWyr and Fraction of Total Dose At t = O.OOOE+OO years 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO a.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
-- 
O.OOOE+OO 0.0000 

Uater Dependent Pathways 

Yater Fish Radon Plant Meat Milk AL1 Pathways* 
Radio- 
Nuclide mrem/yr fract. mranfyr fract. mrem/yr fract. mrem/yr fract. mremfyr fract. mrem/yr fract. mrem/yr fract. 

1 AC-227 Pa-231 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 4.569E-02 2.070E-02 0.0034 0.0075 

Pb-210 O.OOOE+OO 0.0000 

J 

Re-226 O.OOOE+OO 0.0000 
Ra-228 O.OOOE+OO 0.0000 
Th-228 O.DOOE+OO 0.0000 

J 

Th-230 O.OOOE+OO 0.0000 
Th-232 O.OOOE+OO 0.0000 
U-234 O.OOOE+OO 0.0000 
U-235 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Total O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOEtOO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOEtOO 0.0000 
O.OOOE+OO 0.0000 O.OOOEtOO 0.0000 
O.OOOE+OO 0.0000 O.OOOEtOO 0.0000 

m-v 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
-- 

0.000E+Oo 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

7.973E-01 0.1312 
8.599E-01 0.1415 
1.226EtOO 0.2017 
2.951E+OO 0.4855 
3.016E-02 0.0050 
l.O77E-01 0.0177 
8.835E.03 0.0015 
2.137E-03 0.0004 
2.931E-02 0.0048 

6.078EtOO 1.0000 

Sun of all uater independent and dependent pathways. 

I 

1 
I 
II 
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Residual Radioactivity Program, Version 4.60 03/19/93 10:13 Page 15 
sumwy : naywood residences, tnit 1 msan resident subsrface. HFUAYl.002, EPA 
File : MFMAY1.002 

Total Dose Contributions TDOSE(i,p,t) for Individual Redionuclidas (i) and Pathways (p) 
As mram/yr and Fraction of Total Dose At t = l.OOOE+OO years 

Uater Independent Pathuays 
i 

Grd 
Radio- 
Ruclide mrem/yr fract. 

AC-227 1.897E-02 0.0031 
Pa-231 2.086%.03 0.0003 
Pb-210 3.312~-05 0.0000 
Ra-226 4.712~-01 0.0770 
Ra-226 1.9231+00 0.3142 
Th-228 2.05rE+oo 0.3351 
lh-230 1.62OE-03 0.0003 
Th-232 1.934E-01 0.0316 
U-234 3.880E-05 0.0000 
u-235 1.mE-03 0.0003 
U-238 2.106E-02 0.0034 
--- 
Total 4.6848+00 0.7653 

Dust Radon Plant 

mrem/yr fract. mrem/yr fract. mremlyr frsct. 

1.0631-04 0.0000 O.OOOE+OO 0.0000 2.529E-02 0.0041 

2.4841-05 0.0000 O.OOOE+OO 0.0000 2.004E-02 0.0033 
8.383E-07 0.0000 O.OODE+OD 0.0000 7.729E-01 0.1263 

3.515E-07 0.0000 3.8901-01 0.0636 2.708E-02 O.DO44 
1.993E-05 0.0000 O.OOOE+OO 0.0000 2.187E-02 0.0036 
4.65?E-05 0.0000 O.DODE*OD 0.0000 Z.OllE-02 0.0033 

l.OZlE-04 0.0000 1.3058-03 0.0002 3.022E-02 0.0049 
3.467E-04 0.0001 D.ODOE+OO 0.0000 l.lOlE-01 0.0180 
4.X548-05 0.0000 5.869E-09 0.0000 8.7851-03 0.0014 

1.974E-06 0.0000 O.OOOE+OO 0.0000 4.373E-04 0.0001 
3.8168-05 0.0000 5d533E-15 0.0000 8.446E-03 0.0014 

--- 

7.290E-04 0.0001 3.9038-01 0.0638 l.O45E+DO 0.1708 

Meat 

mrem/yr fract. Hi1k T-ss. mram/yr fract. 

O.DOOE+DO 0.0000 O.DOOE+OO 0.0000 5.430E-05 0. 0 

O.OOOE+OO 0.0000 O.DOOE+OO 0.0000 4.304E-05 $: 0. 0 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 6.102E-05 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.225E-05 0. 0 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

6.281E-05 0. 0 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.570E-05 1 0. 0 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.860E-05 0. "'JO 

O.OOOE+DO 0.0000 D.OOOE+OO 0.0000 

1.452E-04 0. 0 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.886E-05 f 0. 0 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 9.39lE-07 0.0000 
. 

O.OOOE+OO O.DOOO O.OOOE+ffO 0.0000 

1.814E-05 0. 
m-- 

O.OOOE+OO 
2 

0.0000 O.OOOE+OO 0.0000 4.809E-04 0.0001 

Total Dose Contributions TOOSE(i,p,t) for Individual Radiotwclidas (i) and Pathways (p) 
As mran/yr and Fraction of Total Dose At t = l.OOOE+OO years 

Yater Depsndant Pathways 1 

Uater Fish Radon 
Redio- 
Huclide mram/yr fract. mrm/yr frect. mram/yr fract. 

AC-227 'O.OOOE+OO 0.0000 O.OOOE+OD 0.0000 O.OODE+OO 0.0000 

Pa-231 'O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 O.ODOE+OO 0.0000 
Pb-210 D.OOOE+OO 0.0000 O.OOOE+OD 0.0000 O.DOOE+OO 0.0000 
~a-226 O.OODE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OD 0.0000 
Ra-228 O.OODE+OO 0.0000 O.OOOE+OO 0.0000 O.DWE+DO 0.0000 
Th-228 O.'OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Th-230 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OD 0.0000 
Th-232 O.OOOE+OD 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
U-234 O.OOOE+OO 0.0000 O.OODE+DO 0.0000 O.OODE+OO 0.0000 
U-235 O.WOE+OO 0.0000 O:OOOE+OO 0.0000 O.ODOE+OD 0.0000 
U-238 O.OOOE+OO 0.0000 O.OODE+OO 0.0000 O.OOOE+DO 0.0000 
--- Pm 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OD 0.0000 

*Sun of all water independent and dependent pathways. 

Plant Heat Milk ALL Pathuay 

mrem/yr frect. mram/yr fract. 
1 

mram/yr frect. mrsm/yr fract. 
-. 

O.ODOE+OO 0.0000 O.OODE+DO O.DOOO O.OOOE+OO 0.0000 4.442E-02 0.0 

O.OOOE+OD 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 .a% 2.220E-02 0.0 
O.ODOE+OO 0.0000 D.OOOE+OO 0.0000 O.OOOE+OO 0.0000 7.730E-01 0.1263 
O.OWE+DO 0.0000 O.DOOE+OO O.ODOO O.OOOE+OO 0.0000 8.872E-01 0.1 

O.ODOE+OD 0.0000 O.OODE+OO 0.0000 O.OOOE+OO 0.0000 1.945E+OO 0.3 s 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.071E+OO 0.3384 
O.OOOE+OO 0.0000 O.OOOE+DO 0.0000 O.OOOE+OO 0.0000 3.328E-02 0.0 
D.OOOE+DO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.041E-01 
O.OOOE+OO 0.0000 O.OOOE+OO 

0.0000 O.OOOE+OO 0.0000 
B 0.0 

8.884E-03 O.Odl5 
O.OOOE+OO 0.0000 O.OODE+OO 0.0000 O.OOOE+OO 0.0000 2.174E-03 0.0 
O.ODOE+OO O.ODDO O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.956E-02 0.0 
-- m-- I -- 
O.OODE+OO 0.0000 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 6.121E+OO 
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Sunnary : #laywood residences, tnit 1 mean resident subsrface, HFMAYl.002, EPA 
File : WFMAY1.002 

Total Dose Ccntritutions TDOSE(i,p,t) for Individual Radionuclidas (il and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.000EtOO years 

Uater lndapsrdant Pathways 

Ground 

.I 

Radio- 
Nuclide mramfyr fract. 

AC-227 1.8061-02 0.0029 
Pa-231 3.330E-03 0.0005 
Pb-210 3.2288-05 0.0000 
Ra-226 4.789E-01 0.0772 
Ra-228 2.473E+OO 0.3990 
Th-228 1.010E+00 0.1629 
Th-230 4.8728-03 0.0008 

1 U-234 Th-232 4.059E-05 7.492E-01 0.1208 0.0000 
u-235 1.805E-03 0.0003 
U-238 2.149E-02 0.0035 

2.951E-04 0.0000 
9.3628-05 0.0000 
2.357E-06 0.0000 
l.ZOOE-06 0.0000 
l.O98E-04 O.ODOO 
6.7698-05 0.0000 
3.0628-04 0.0000 
1.062%-03 0.0002 
1.234E-04 0.0000 
5.894E-06 0.0000 
l.l39E-04 0.0000 

Total 4.763EtOO 0.7679 2.18lE-03 0.0004 

Dust Radon Plant 

mram/yr fract. mramfyr fract. 
- 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 
3.872E-01 0.0624 
O.OODE+OO 0.0000 
O.OOOE+OO 0.0000 
3.9058-03 0.0006 
O.ODOE+OO 0.0000 
5.265E-08 0.0000 
O.OOOE+DO 0.0000 
1.488E-13 0.0000 

3.911E-01 0.0630 

mram/yr fract. 

2.346E-02 0.0038 
2.154E-02 0.0035 
7.262E-01 0.1171 
7.3551-02 0.0119 
2.625E-02 0.0042 
9,768E-03 0.0016 
3..064E-02 0.0049 
1.1&E-01 0.0188 
8.76DE-03 0.0014 
4.370E-04 0.0001 
8.423E-03 0.0014 

1.045EtOO 0.1685 

neat 

mram/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OODE+OO 0.0000 

Milk 

mrem/yr frect. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+oo 0.0000 
0.000E+oo 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

D.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mremJyr and Fraction of Total Dose At t = 3.000E+OO years 

Yater 
Rsdio- 
Nuclide mramfyr fract. 

8 

AC-227 0.000E+00 (I.0000 
Pa-231 D.OOOE+OO 0.0000 
Pb-210 0.000E+00 0.0000 

1 

Ra-226 0.000E+00 O.DOOO 
Ra-228 O.OODE+OO 0.0000 
Th-228 O.ODOE+OO 0.0000 

I 

Th-230 0.000E+00 0.0000 
Th-232 0.000E+00 0.0000 
U-234 O.DOOE+OO 0.0000 
u-,235 0.000E+00 0.0000 
U-238 O.ODOE+OO 0.0000 

Total 0.000E+00 0.0000 

Yater Dependent Pathways 

Fish Radon 

mrem/yr fract. mramJyr frect. 

O.ODOE+DO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 O.DODO 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DD 0.0000 
O.ODOE+OO 0.0000 
O.DOOE+OO 0.0000 

O.OOOE+DO 0.0000 
O.OOOE+DO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OD 0.0000 
O.OOOE+DO 0.0000 
O.ODOE+OO 0.0000 
D.ODOE+OO 0.0000 
O.OOOE+DO 0.0000 
0.000E+00 0.0000 

Plant 

0.000E+00 0.0000 0.000E+00 0.0000 

Meat Milk 

mrecn/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.ODDE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+DO 0.0000 

D.OOOE+OO 0.0000 

mrem/yr fract. 

O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
D.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.00OE+00~0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

mramlyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+OO 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

soil 

mremfyr fract. 

1.508E-04 0.0000 
1.384E-04 0.0000 
1.716E-04 0.0000 
4.756E-05 0.0000 
1.823E-04 0.0000 
3.736~-05 0.0000 
l.l61E-04 0.0000 
4.809E-04 0.0001 
5.628E-05 0.0000 
2.807E-06 0.0000 
5.412E-05 0.0000 

1.438E-03 0.0002 

ALI Pathways' 

mrem/yr fract. 

4.197E-02 0.0068 
2.510E-02 0.0040 
7.264~.01 0.1171 
9.397E-01 0.1515 
2.502E+OO 0.4033 
l.OZOE+OO 0.1645 
3.984E-02 0.0064 
8.672E-01 0.1398 
8.981E-03 0.0014 
2.251E-03 0.0004 
3.008~-02 0.0048 

6.204E+OO 1.0000 

I *Sun of all water independent and dependent pathways. 

8 

8 
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Residual Radioactivity Program, Version 4.60 03/19/93 10:13 Page 17 
Summery : llaywod residences, wit 1 mean resident subsrface, MFIUYl.002, EPA 
File : WFHAY1.002 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mram/yr and Frsction of Total Dose At t = l.OOOE+Ol years 

Uater Indepsndent Pathways 

Gromd Dust 
Radio- 
Huclide mrem/yr fract. mrem/yr tract. 

AC-227 1.520E-02 0.0023 7.500E-04 0.0001 
Pa-231 7.469E-03 0.0011 4.9641-04 0.0001 
Pb-210 2.951E-05 0.0000 6.259E-06 0.0000 
Ra-226 5.070E-01 0.0775 5.4508-06 0.0000 
Ra-228 1.681E+OO 0.2569 2.731E-04 0.0000 
Th-228 8.482E-02 0.0130 1.786~-05 0.0000 
Th-230 1.724E-02 0.0026 l.OZlE-03 0.0002 

Th-232 2.717E+OO 0.4152 3.834E-03 0.0006 
U-234 4.7991-05 0.0000 4.0341-04 0.0001 
u-235 2.079E-03 0.0003 1.9331-05 0.0000 
U-238 2.306E-02 0.0035 3.7231-04 0.0001 
m- 
Total 5.055EtDO 0.7725 7.1991-03 0.0011 

Radon Plant 

mrem/yr fract. mrem/yr fract. 

O.OOOE+OO 0.0000 1.8068-02 0.0028 

O.OODE+OO 0.0000 2.591E-02 0.0040 

O.ODOE+DO 0.0000 5.839E-01 0.0892 

3.809E-01 0.0582 2.144E-01 0.0328 

0.000E+00 0.0000 l&OE-02 0.0025 

0.000E+00 0.0000 7.806E-04 0.0001 

1.291E-02 0.0020 .3.437E-02 0.0053 

0.000E+00 0.0000 1.364E-01 0.0208 

5.782E-07 0.0000 8.676E.03 0.0013 

O.OOOE+OO 0.0000 4.3628-04 0.0001 

5.439E-12 0.0000 8.340E-03 0.0013 

3.9381-01 0.0602 1.048EtOO 0.1601 

nest Milk 

mrsm/yr frsct. mrsm/yr frect. 

0.000~+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OD 0.0000 
D.ODOE+DO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OODE+OO 0.0000 
0.000~+00 0.0000 
D.OOOE+DO 0.0000 

O.OODE+OO 0.0000 
O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
-- 

O.OOOE+OO 0.0000 O.ODOE+OO 0.0000 

3.831E-04 0. 1 
5.496E-04 0. lg 1 

4.556E-04 0.0001 
2.662E-04 0. 
3.231E-04 0 

-iI 

0 
o 

9.858E-06 0. 00 

3.919E-04 0. 01 
1.996E-03 0. 

t 

3 

1~84DE-04 0.' 0 

9.253E-06 0.0000 
1.769E-04 0." o 

% 
4.745E-03 0.0007 

Total Dose Contributions TDOSE(i,p,t) for Individual Radicnuclidas (i) and Pathuays (p) 
As mrem/yr and Fraction of Total Dose At t q 1.000E+01 years 

Uater Depandent Pathuays 'I 

Uater Fish RBdOll Plant Fleet Hilk 
Radio- 

All Pathwa 

Nuclida mrem/yr fract. mram/yr fract. mretn/yr fract. mi-am/yr fract. mrem/yr fract. mremjyr fract. mrem/yr fract. 
-. 

AC-227 !2.897E-02 0.0044 O.OOOE+OO 

0.0000 O.OODE+OD 0.0000 2.670E-03 0.0004 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 
Pa-231 

6.602E-02 0. 
9.6528-03 0.0006 O.DOOE+OO 0.0000 0.000E+00 0.0000 3.365E-04 0.0001 0.000E+00 0.0000 O.OOOE+OO 0.0000 

Pb-210 
3.841E-02 

,O.OODE+OO 
f 0.0 9 

0.0000 O.OOOE+OO 0.0000 O.OODE+OO 0.0000 O.OOOE+OD 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

Ra-226 'O.OOOE+OO 

5.844E-01 0.0 9 

0.0000 O.OOOE+OO 

0.0000 D.ODOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 ~O.OOOE+DO 0.0000 
Ra-228 

l.l03E+OO 
O.OOOE+OO 0.0000 

0.1 
O.OOOE+OO 0.0000 O.OODE+OO 0.0000 O.ODOE+OO 0.0000 O.OODE+OO 0.0000 O.ODOE+OO 0.0000 

Th-228 
1.698EtOO 

O.OOOE+OO 0.0000 
0.2 Y 

O.OOOE+W 0.0000 D.ODOE+OO O.WDO O.WDE+OO 0.0000 0.000E+00 0.0000 O.DOOE+OO 0.0000 
Th-230 

8.563E.02 

D.OWE+OO O.Woo 
0.0131 

O.ODOE+OO 0.0000 0.000E+00 0.0000 o.OOOE+DO 0.0000 O.ODOE+OD 0.0000 O.OOOE+OO 0.0000 
Th-232 

6.594E.02 

0.000E+00 
0. 1 

0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 
U-234 

2.860E+OO 
O.OOOE+OO 0.0000 

0. 
0.000E+00 0.0000 O.DOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+DO 

$0 
0.0000 O.OOOE+OO 0.0000 

U-235 
9.312E.03 

il.710E-07 
0.0014 

0.0000 O.ODOE+OO 0.0000 O.OODE+OO 0.0000 l-5758-08 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 
U-238 

2.543~-03 

0.000E+00 

0.0 

0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+DO 0.0000 0.000E+00 0.0000 D.OOOE+OO 0.0000 3.195E-02 0. 
-mm -Pm Pm Pm # 

I Total 3.262E-02 0.0050 0.000E+00 D.DDOO O.DOOE+OO 0.0000 3.006E-03 0.0005 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 6.545E+OO 1.0 

I 
*sun of all water irdspardant and dependent pathways. 
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Residual Radioactivity Progrem, Version 4.60 03/19/93 10:13 Page 18 
Smry : Maywood residences, unit 1 mean resident subsrface, WFMAYl.OD2, EPA 
File : MFHAY1.002 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mram/yr and Fraction of Total Dose At t q 3.000E+Ol years 

Growd 
Radio- 
Huclide mremfyr fract. 

b AC-227 Pa-231 9.2865-03 1.806E-02 0.0012 0.0023 
Pb-210 2.284E-05 0.0000 

I 

Ra-226 5.969E-01 0.0760 
Ra-228 1.873E-01 0.0238 
Th-228 7.147E-05 0.0000 
Th-230 6.2292-02 0.0079 

w 

Th-232 5.166EtOO 0.6575 
U-234 8.135E-05 0.0000 
u-235 3.111E-03 0.0004 

a U-238 2.823E-02 0.0036 

Total 6.072EtOO 0.7728 

Dust 

Uster Independent Pathways 

Radon Plant meat 

mrem/yr fract. 

l.O36E-03 0.0001 O.OOOE+OO 0.0000 
2.376E-03 0.0003 D.OOOE+OO 0.0000 
9.809E-06 0.0000 O.OOOE+OD 0.0000 

2.394E-05 0.0000 3.634E-01 0.0463 

7.792E-05 0.0000 1.2175-07 0.0000 
3.8192-08 0.0000 6.022E-11 0.0000 
3.062E-03 0.0004 3.788E-02 0.0048 
1.228~.02 0.0016 2.994E-06 0.0000 
l.l45E-03 0.0001 5.0351-06 0.0000 
5.570E-05 0.0000 0.000E+00 0.0000 
l.O57E-03 0.0001 1.413E-10 0.0000 

P.l13E-02 0.0027 4.013E-01 0.0511 

mrem/yr fract. mrem/yr fract. 

8.539E-03 0.0011 
3.314E-02 0.0042 
3.131E-01 0.0398 
4.7658-01 0.0607 
1.563E-03 0.0002 
5.712E-07 0.0000 
5.9672-02 0.0076 
1.558E-01 0.0198 
8.437E-03 0.0011 
4.363E-04 0.0001 
8.104E-03 0.0010 

mresVyr fract. 

O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO O.ODOO 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.DODE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+DO 0.0000 

l.O65E+OO 0.1356 O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Soil 

mrem/yr fract. 

5.292E-04 0.0001 
2.054E-03 0.0003 
7.140E-04 0.0001 
1.370E-03 0.0002 
8.778E-05 0.0000 
2.10OE-08 0.0000 
1.251E-03 0.0002 
6.883E-03 0.0009 
5.226E-04 0.0001 
2.704E-05 0.0000 
5.023E-04 0.0001 

1.394E-02 0.0018 

1 
I 

Total Dose Contributions TDOSE(i,p,tl for individual Radionuclides (i) and Pathuays (p) 
As mran/yr and Fraction of Total Dose At t = 3.000E+Ol years 

Uater Dependent Pathways 

I 

Water Fish Radon Plant Meat Hilk All Pathways* 
Radio- 
Huclida mremlyr fract. mrem/yr fract. mremfyr fract. mrnnfyr fract. mremIyr fract. mremfyr fract. mremjyr fract. 

II AC-227 Pa-231 1.311E-01 l.O92E-01 0.0167 0.0139 O.OOOE+OO O.OODE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO O.ODOO 0.0000 1.208E-02 l.OObE-02 0.0015 0.0013 O.OOOE+OO O.OOOE+DO 0.0000 0.0000 0.00OE+00 0.0000 1.625~.01 0.0207 
O.OOOE+OO 0.0000 1.749E-01 0.0223 

Pb-210 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000~+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 3.138E-01 0.0399 
I Rx-226 ~a-228 3.2901-04 2.700E-03 0.0000 0.0003 O.OOOE+OO O.OOOE+DO 0.0000 0.0000 3.0581-04 6.380E-13 0.0000 0.0000 3.031E-05 2.5098~04 0.0000 0.0000 O.OOOE+OO D.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.DOOE+OO 

Th-228 0.0bOE+D0 

0.0000 0.0000 1.894E-01 1.442E+OO 0.0241 0.1835 

0.0000 O.DOOE+OO 0.0000 D.OOOE+OO 0.0000 0.000E+00 O.OOOD O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 7.210E-05 0.0000 

.I Th-232 Th-230 3.429E-05 1.995E-04 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 O.OOOD 4.318E-06 l.O57E-12 0.0000 0.0000 3.184E-06 1.838E-05 O.DODO 0.0000 O.OOOE+OO 0.000E+00 0.0000 0.0000 0.000E+00 O.OOOE+DO 0.0000 0.0000 5.341E+00 1.642E-01 0.0209 0.6798 
u-234 7.894E-03 O.DOlO O.OOOE+OO 0.0000 3.743E-08 0.0000 7.2758-04 0.0001 0.000E+00 0.0000 O.OOOE+DO 0.0000 1.88lE.02 0.0024 
U-235 4.242E-04 0.0001 0.000E+00 0.0000 

a 
O.DOOE+OO 0.0000 3.909E-05 

U-238 7.591E-03 0.0010 O.OOOE+OO O.OOOD 1.406E-12 0.0000 6.996E-04 0.0000 0.0001 O.OOOE+OO 0.000E+00 0.0000 0.0000 O.DOOE+OO 0.000E+00 0.0000 0.0000 4.094E-03 4.619E-02 0.0005 0.0059 

Total 2.594E-01 0.0330 O.OOOE+OD 0.0000 3.102E-04 0.0000 2.391E-02 0.0030 O.OOOE+OO 0.0000 0.000E+00 0.0000 7.857E+OO 1.0000 

lb *Sun of all uater independent and dependent pathways. 

1 
8 
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Residual Radioactivity Frogrem, Version 4.60 03/19/93 VI:13 Paw 19 
summy : WayUood residences, Unit 1 mean resident subsrface, I4FKAYl.002, EPA 
File : WFUAY1.002 

Total Dose Contributions fDOSE(i,p,t) for Individual Radiowclides (i) and Pathways (p) 
As mramfyr and Fraction'of Total Dose At t = l.OOOE+OZ years 

Uater Independent Pathways 

Ground Dust 
Radio- 
Huclide mrem/yr tract. mremfyr fract. 

AC-227 1.6558-03 0.0001 2.289E-04 0.0000 
Pa-231 5.6&E-02 0.0040 8.833E-03 0.0006 
Pb-210 9.307E-06 0.0000 3.369E-06 D.OOOD 
Ra-226 1.05&+00 0.0749 9.249E-05 0.0000 
Ra-228 6.734E-05 0.0000 4.970E-08 0.0000 
Th-228 1.2411-15 0.0000 l.UlE-18 0.0000 
Th-230 4.005E-01 0.0284 1.0221-02 0.0007 
Th-232 l.OZlE+Dl 0.7238 4.12DE.02 0.0029 
U-234 5.D79E-04 0.0000 3.15lE.M 0.0002 
U-235 1.2731-02 0.0009 1.65OE-04 0.0000 
U-238 5.7281-02 0.0041 2.9038-03 0.0002 

Plant Hilk 

mrenVyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OODE+OD 0.0000 
3.086E-01 0.0219 
5.780E-09 0.0000 
1.4451-19 0.0000 
1.168E-01 0.0083 
7.7261-04 0.0001 
4.99DE-05 0.0000 
O.OOOE+OO 0.0000 
4.583E-09 0.0000 

mrem/yr fract. 

6.178E-04 0.0000 
3.60lE-02 0.0026 
3.515E-02 0.0025 
7.004E-01 0.0497 
3.263E-07 0.0000 
6.024E-18 0.0000 
2.2058-01 0.0156 
1.717~.01 0.0122 
7.670E-03 0.0005 
4.429E-(14 0.0000 
7.291E-03 0.0005 

mrem/yr fract. mrem/yr fract. 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.DDOE+OO 0.0000 D.DOOE+DO 0.0000 
O.OOOE+OD 0.0000 O.OODE+OO 0.0000 
D.DODE+DO 0.0000 O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.DDOE+DO 0.0000 O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OD 0.0000 
D.OODE+OD 0.0000 O.OODE+OO 0.0000 
O.OOOE+OO O.OODO D.OOOE+OD 0.0000 
O.OOOE+OD 0.0000 D.OOOE+OO 0.0000 
O.OODE+OO 0.0000 O.DOOE+OO 0.0000 

l.l69E-04 0. 

OR 

0 
6.816E-03 0. 5 
2.452E-04 0.0000 
5.682E-03 0. 

B 

4 
5.597E-08 0. 0 
6.793E-19 0.0000 
5.453E-03 0. 4 
2.323E-02 0. 6 
1.438E-03 0. t 1 
8.382E-05 0.0000 
1.380E-03 0.a 

Total l.l79E+Ol 0.8362 6.6808-02 0.0047 4.262E.01 0.0302 l.l80E+DD 0.0836 D.ODOE+OD 0.0000 O.DODE+DO 0.0000 4.444E-02 0.0032 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathuays (p) 
As mrem/yr and Fraction of Total Dose At t = l.OOOE+D2 years 

Uater Dependent Pathuays 

Uater 
Rsdio- 
Huclids mrmVyr fract. 

AC-227 2.436E-02 0.0017 
Pa-231 3.948E-01 0.0280 
Pb-210 2.958E-03 0.0002 
Ra-226 3.377E-02 D.DO24 
Ra-228 1.625E-04 0.0000 
Th-228 O.DOOE+DO 0.0000 
Th-230 3.697E-03 0.0003 
Th-232 1.213E-03 0.0001 
U-234 3.918E-02 0.0028 
U-235 2.426E-03 0.0002 
U-238 3.7688-02 0.0027 

Fish R&Jtl Plant 

q renVyr frect. mrcm/yr fract. mrcmlyr fract. 

O.DOOE+OD 0.0000 D.DODE+DD 0.0000 2.2451-03 0.0002 
O.DDDE+OD D.0000 O.DOOE+OO 0.0000 3.6388-02 0.0026 
D.ODOE+DO D.DDDD D.DOOE+DO 0.0000 2.770E-04 0.0000 
D.OOOE+OO 0.0000 2.402E-03 0.0002 3.1472-03 0.0002 
O.OOOE+OO 0.0000 3.148E-13 0.0000 1.497E-05 0.0000 

.O.DODE+DO 0.0000 D.DDOE+DD 0.0000 O.DDDE+DD 0.0000 
O.OODE+DD 0.0000 2.8391-04 0.0000 3.4448-04 0.0000 
D.OOOE+DO 0.0000 4.106E-12 0.0000 l.llBE-II4 0.0000 
D.ODOE+DD 0.0000 3.79lE-07 0.0000 3.61lE-03 0.0003 
O.DDOE+OD D.DDDD D.DODE+OO 0.0000 2.236E-04 0.0000 
O.OOOE+CIO 0.0000 4.4548-11 0.0000 3.4738-03 0.0002 

Ueat Hilk 

mrem/yr fract. 

O.OOOE+OO 0.0000 
D.OOOE+OO D.ODDO 
O.DOOE+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OD 0.0000 
D.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 
O.DODE+OO 0.0000 
O.OOOE+OO 0.0000 

mrem/yr fract. 

O.OOOE+OD 0.0000 
O.DODE+DO D.OODO 
O.DOOE+OO 0.0000 
O.ODOE+OO 0.0000 
O.OOOE*OO 0.0000 
O,DDOE+DO 0.0000 
D.ODOE+DO 0.0000 
D.OOOE+OO 0.0000 
O.OODE+DO 0.0000 
O.ODOE+OD 0.0000 
O.OOOE+OO 0.0000 

All Pathway 

-li 
mrem/yr fract. 

d 

# 
2.923E-02 0.0, 
5.39?E-01 0.0583 
3.864E-02 0.0 
2.1lOE+OO 0.1~ 
2.452E-04 0.0 I 
1.249E-15 O.OfJOO 
7.579E-01 0.0' 
l.O45E+Dl 0.7 B 
5.561~.02 0.0039 
1.609E-02 0.0 
l.lOOE-01 0.0 

Total 5.4039-01 0.0383 O.DDOE+OO 0.0000 2.686E-03 0.0002 4.983%.02 0.0035 D.DOOE+OD 0.0000 O.OOOE+OO 0.0000 1.4lOE+Ol 1.0 

*Sun of all water independent and dependent pathuays. 
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1 Residual Radioactivity Program, Version 4.60 D3/19/93 IO:13 Page 20 

Sunnary : Maywood residences, unit 1 mean resident subsrface, WFHAY1.002, EPA 

File : HFMY1.002 

I 
Total Dose Contributions TD0SEfi.p.t) for Individual Radionuclides (i) and Pathways (p) 

As mram/yr and Fraction of Total Dose At t = 1.500E+D2 years 

Uater Independent Pathuays 

Ground Dust 
Radio- 
Nuclide mrem/yr fract. mremjyr fract. 

AC-227 4.830E-04 0.0000 4.9428-05 0.0000 

Pa-231 l.O26E-01 0.0068 l.l75E-02 0.0005 
Pb-210 4.902E-06 0.0000 9.965E-07 D.DDDO 
Ra-226 1.5888+00 0.0735 1.266E-04 0.0000 
Ra-228 2.342E-07 D.DDDO l&M-10 0.0000 
Th-228 2.558E-23 0.0000 2.5041-26 D.DODD 

Th-230 9.6298-01 0.0446 1.535E-02 0.0007 

1 u-234 Th-232 l.627E+Ol 1.6048-03 0.0001 0.7532 4.1228-03 6.1798-02 0.0002 0.0029 

U-235 3.4811-02 0.0016 2.2791-04 0.0000 

1 --- U-238 9.4951-02 0.0044 3.7938-03 0.0002 

Total 1.905EtOl 0.8822 9.72DE-02 0.0045 

Radon Plant 

mrem/yr fract. mrem/yr fract. 

D.DOOE+OO 0.0000 9.425E-05 0.0000 
O.DODE+OO 0.0000 3.363E-02 0.0016 

O.ODOE+OO 0.0000 7.341E-03 0.0003 

2.7468-01 0.0127 6.839E-01 0.0317 

7.109E-10 0.0000 7&W-10 O.OODO 
l.O92E-25 0.0000 8.65&-26 0.0000 

1.661E-01 0.0077 3.533E-01 0.0164 

4.304E-02 0.0020 1.819E-01 0.0084 

l.O36E-04 0.0000 7.203E-03 0.0003 

O.DOOE+OO 0.0000 4.442E-04 0.0000 

1.408E-08 0.0000 6.731E-03 0.0003 

4.838E-01 0.0224 1.275E+OO 0.0590 O.OOOE+OO 0.0000 O.OODE+OO 0.0000 6.511E-02 0.0030 

Heat Milk Soil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.524E-05 0.0000 
O.ODOE+OO 0.0000 O.OOOE+OO 0.0000 9.006E-03 0.0004 
D.DODE+OD 0.0000 O.OOOE+OO 0.0000 7.253E-05 0.0000 
O.ODOE+DO 0.0000 O.OOOE+OO 0.0000 7.817E-03 0.0004 
O.DOOE+OO 0.0000 O.OOOE+DO 0.0000 1.853E-10 0.0000 
O.DOOE+OO 0.0000 O.OOOE+OO O.ODOO 1.382E-26 0.0000 

O.DOOE+OO 0.0000 D.OOOE+OO 0.0000 9.548E-03 0.0004 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.484E-02 0.0016 

D.DOOE+OO 0.0000 O.OOOE+DO 0.0000 1.882E-03 0.0001 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 l.l90E-04 0.0000 

D.OODE+OO 0.0000 O.OOOE+OO 0.0000 1.803E-03 0.0001 

Total Dose Contributions 7DOSEfi.p.t) for Individual Radionuclides (i) and Pathuays (p) 
As mrem/vr and Fraction of Total Dose At t = 1.50DE+02 years 

1 Yater 
Radio- 
Huclide mremJyr fract. 

1 AC-227 Pa-231 3.947E-01 3.553E-03 0.0183 0.0002 

Pb-210 2.524E-03 D.ODDl 

I 

Ra-226 5.595E-02 0.0026 
Ra-228 7.262E-05 0.0000 
Th-228 O.OOOE+OO 0.0000 

1 U-234 Th-230 Th-232 4.866E-02 9.306E-04 l.D34E-02 0.0000 0.0005 

0.0023 
U-235 3.259E-03 0.0002 
U-238 4.681E-02 0.0022 

Mater Depandent Pathuays 

Fish RadClh Plant Meat Milk ALL Pathuays* 

mrem/yr fract. mrem/yr tract. mrem/yr fract. mrsm/yr fract. mremfyr fract. mremjyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 
O.ODOE+OO 0.0000 
O.DODE+DD 0.0000 
O.DDDE+OD 0.0000 
D.DDOE+DO 0.0000 
O.DDOE+DO 0.0000 
O.DOOE+OD 0.0000 
D.DOOE+DD 0.0000 
D.DODE+DO 0.0000 

O.DODE+OO 0.0000 3.275E-04 0.0000 
D.ODOE+DO 0.0000 3.637E-02 0.0017 
O.OODE+DO 0.0000 2.363E-04 0.0000 
3.721E-03 0.0002 5.2158-03 0.0002 
1.407E-13 0.0000 6.690E-06 0.0000 
D.DOOE+OO 0.0000 D.DDDE+DD 0.0000 
7.291E-04 0.0000 9.634E-04 0.0000 

3.D85E-12 0.0000 8.574E-05 0.0000 
8.266E-07 0.0000 4.485E-03 0.0002 
D.OOOE+OO 0.0000 3.004E-04 0.0000 
1.327E-10 0.0000 4.314E-03 0.0002 
-m -- 

O.DDOE+OO 0.0000 O.OOOE+OO 0.0000 4.533E-03 0.0002 
D.DOOE+OD 0.0000 O.OOOE+OO 0.0000 5.880E-01 0.0272 
O.DDOE+DO 0.0000 O.DDOE+OO 0.0000 l.O18E-02 0.0005 
D.DOOE+OO 0.0000 O.OOOE+OO 0.0000 2.620E+OO 0.1213 
O.ODOE+DO 0.0000 O.OOOE+OO 0.0000 7.954E-05 0.0000 
D.OOOE+OO 0.0000 O.DOOE+OO 0.0000 2.581E-23 0.0000 
O.OOOE+DO 0.0000 O.OOOE+DO 0.0000 1.519E+OO 0.0703 
O.DODE+OO 0.0000 O.OOOE+OO 0.0000 1.659E+Ol 0.7682 
D.ODOE+OO 0.0000 O.OOOE+OO 0.0000 6.806E-02 0.0032 
O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 3.916E-02 0.0018 
O.DOOE+OO 0.0000 O.OOOE+OO 0.0000 1.584E-01 0.0073 

-Total 5.668E-01 0.0262 O.DOOE+OO 0.0000 4.451E-03 0.0002 5.230E-02 0.0024 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.160E+Ol 1.0000 

1 
*sun of all water independent and dependent pathways. 
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I 

I 

mrem/yr fract. mremfyr tract. mram/yr fract. 

AC-227 1.440E-06 0.0000 1.4731-07 0.0000 
Pa-231 6.785E-02 0.0031 7.763E-03 0.0004 
Pb-210 3.761E-08 0.0000 7.6451-09 0.0000 
Ra-226 l.l06E+OO 0.0511 8.888E-05 0.0000 
Ra-228 2.5201-15 D.OODO 1.771E-18 0.0000 
Th-228 O.OOOE+DO 0.0000 O.DDOE+OO 0.0000 
Th-230 1.630E+OO 0.0753 1.5372-02 0.0007 
Th-232 1.62MtOI 0.7506 6.177E-02 0.0029 
U-234 2.539E-03 0.0001 2.738E-03 0.0001 
u-235 2.321E-02 D.0011 1.7518-04 0.0000 
U-238 6.271E-02 0.0029 2.506E-03 0.0001 

O.OOOE+OO 0.0000 
D.DOOE+OO 0.0000 
D.DOOE+OO 0.0000 
1.905E-01 0.0088 
7.6518-18 0.0000 
O.OOOE+OO 0.0000 
2.8041-01 0.0129 
4.302E-02 0.0020 
3.226E-04 0.0000 
O.OOOE+DO 0.0000 
8.4D4E-08 0.0000 

2.810E-07 0.0000 
2.2191-02 0.0010 
5.632E-05 0.0000 
4.816E-01 0.0222 
8.217E-18 0.0000 
O.OOOE+DO 0.0000 
6.432E-DI 0.0297 
1.818E-01 0.0084 
5.326E-03 0.0002 
3.638E-04 0.0000 
4.448E-03 0.0002 

O.DDOE+OO 0.0000 
D.DDOE+OO 0.0000 
O.ODDE+DO 0.0000 
O.OOOE+OD 0.0000 
O.OOOE+DD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.DODE+DO 0.0000 
D.DODE+OO 0.0000 
O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 

D.ODOE+OO 0.0000 
O.ODDE+OO O.DOOO 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OODE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.ODOE+OD 0.0000 
D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Total 1.916E+Dl 0.8842 9.041E-02 0.0042 5.142E-01 0.0237 1.339EtOO 0.0618 D.DOOE+DD 0.0000 O.OODE+OO 0.0000 

7.525~.08 0. 

2: 

0 
5.944E-03 0. 3 
5.565E-07 0.0000 
5.496~.03 0. 
1.995E-18 0. 

1 

3 
0 

O.OOOE+OO 0. 0 
1.285E-02 0. 006 
3.482E-02 0. 

% 
16 

1.255E-03 0. 1 
9.744E-05 0.0000 
I.l91E-03 0. 1 

-K 
6.166E-02 0.0028 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides ii) and Pathways (p) 
As mr#rr/yr and Fraction of Total Dose At t = 3.00DEt02 years 

Uatcr Depandent Pathuays 

Uater Fish Radon Plant Meat Hi Lk 
Radio- 
Huclide mremlyr fract. mran/yr fract. mreaUyr fract. mrem/yr fract. mrem/yr fract. mremfyr fract. 

mIL,;,'g;& 

7 

AC-227 l.D40E-05 0.0000 O.DDDE+DO 0.0000 D.DDDE+DD 

0.0000 9.587R-07 D.ODDD O.ODDE+OO 0.0000 D.ODOE+OO 0.0000 1.330E-05 0. 0 
Pa-231 2.589E-01 0.0119 O.OOOE+DO 0.0000 D.DOOE+DO 0.0000 2.386E-02 0.0011 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.865E-01 3r 0. 8 
Pb-2lD 8.3731-04 0.0000 O.DDOE+OD 0.0000 O.ODOE+DO 0.0000 7.8391-05 0.0000 O.OODE+OO 0.0000 O.DDOE+OO 0.0000 9.726E-04 0.0000 

Ra-226 8.490E-02 0.0039 D.OOOE+DO 0.0000 3.633E-03 

0.0002 7.927E-03 0.0004 O.OOOE+OO 0.0000 O.OOOE+OO O.DOOO l.BBlE+OO 0. 8 
Ra-228 6.3DlE-11 0.0000 D.OOOE+DD 0.0000 1.525E-14 0.0000 5.8ME-12 0.0000 O.OODE+OO 0.0000 O.OOOE+DO 0.0000 6.884E-11 m 0. 0 
Th-228 D;ODOE+OD 0.0000 O.OODE+DD D.DDDO O.OODE+OD 0.0000 D.DDDE+DO 0.0000 O.DOOE+OO 0.0000 O.OODE+DO 0.0000 O.DOOE+OO 0.0000 
Th-23D 4.457~.02 0.0021 D.OOOE+DO D.DODD 2.507E-03 0.0001 4.157E-03 0.0002 O.OOOE+DO 0.0000 O.OOOE+OO 0.0000 2.633E+OO 0. 6 
Th-232 1.413E-04 0.0000 O.OOOE+OD 0.0000 O.OOOE+DO 0.0000 1.302E-05 0.0000 O.OODE+OO 0.0000 O.OOOE+OO 0.0000 1.658EtOl 0: 5 
U-234 .3.247E-02 0.0015 O.OOOE+OO 0.0000 3.363E-06 0.0000 2.992E-03 0.0001 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.765E-02 

1 
0.0022 

u-235 2.982E-03 O.ODOl O.OOOE+DD 0.0000 D.DOOE+DD D.ODDD 2.749E-04 0.0000 O.DOOE+OO 0.0000 O.OOOE+OD 0.0000 2.7IOE-02 0. 3 

U-238 '3.122E-02 0.0014 O.OOOE+OO 0.0000 8.681E-10 0.0000 2.87%.03 
0.0001 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 l.O49E-01 0. 8 

-' m-m 1 A 
Total '4.560E-01 0.0210 O.OOOE+OD 0.0000 6.1438-03 0.0003 4.218E-02 0.0019 O.DOOE+OO 0.0000 O.DOOE+OD 0.0000 2.167EtOl 1.0000 

Residual Redioactivity Program, Version 4.60 03/19/93 10:13 Page 21 
Sunnary : Maywood residences, wit 1 mean resident subsrface, FiFMAYl.002, EPA 
File : WFRAYl.OD2 

Total Dose Contributions TDOSEii,p,t) for individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.DOOEt02 years 

Grow-d 
Radio- 
Nuclida mremfyr fract. 

Dust 

mremJyr fract. 

Uater lndapandent Pathways 

Radon Plant 

mrWyr fract. 

Milk 

*sun of all water independent and dependent pathways. 

b 
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sunnary : Uayuocd residences, unit 1 mean resident subsrface, MFMAY1.002, EPA 
File : HFMAY1.002 

b Total Dose Contributions TDOSE(i,p,t) for lndividuel Radionuclides (i) and Pathways (p) 
As mrem/yr end Fraction of Total Dose At t.= l.OOOE+03 years 

Uater Independent Pathways 

Ground Dust 
Redio- 
wuclide mrWyr fract. mremjyr fract. 

I AC-227 Pa-231 2.356E-18 9&&E-03 0.0000 0.0004 2.410E-19 l.l04E-03 0.0000 0.0001 
Pb-210 5.067E-18 0.0000 l.D30E-18 0.0000 

II lh-228 Ra-228 Ra-226 D.OOOE+DO 2&M-01 O.OOOE+OO 0.0000 0.0095 0.0000 O.OOOE+OO O.OOOE+OO 1.6441-05 0.0000 0.0000 0.0000 

Th-230 2&4E+OO 0.1326 1.5351-02 0.0007 

I U-234 Th-232 7.565E-03 1.624E+Ol 0.7515 0.0004 6.167E-02 4.3711-04 0.0029 0.0000 

U-235 3.492E-03 0.0002 4.171E-05 0.0000 
U-238 9.0541-03 0.0004 3.624~-04 0.0000 

Total 1.933E+Ol 0.8950 7.898E-02 0.0037 

Radon PLant 

mrem/yr fract. mremlyr fract. 

O.OOOE+OO 0.0000 4.597E-19 0.0000 
O.OOOE+OO 0.0000 3.155E-03 0.0001 
O.OOOE+OO 0.0000 7.587E-15 0.0000 
3.137E-02 0.0015 8.9101-02 0.0041 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 O.OOOE+OO 0.0000 
4.388E-01 0.0203 l.lSlE+OO 0.0547 
4.295E-02 0.0020 1.815E-01 0.0084 

l.l44E-03 0.0001 3.717E-03 0.0002 
O.OOOE+OO 0.0000 9.952E-05 0.0000 
7.907E-07 0.0000 6.451E-04 0.0000 

5.143E-01 0.0238 1.459E+OO 0.0675 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OD 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem&r and Fraction of Total Dose At t = l.OOOE+03 Years 

Water Dependent Pathways 

Uater Fish Radon Plant 
Radio- 
Ruclida mremlyr frect. mremfyr fract. mrem/yr fract. mrem/yr fract. 

1 AC-227 Pa-231 2.8208-02 1.286E-17 0.0013 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 2.599E-03 1.1851-M 0.0000 0.0001 
Pb-210 l.O12E-13 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 9.477E-15 0.0000 

'I Ra-226 Ra-228 O.OOOE+OO 1.308E-02 0.0000 0.0006 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 5.470E-04 O.OOOE+OO 0.0000 0.0000 O.OOOE+OO 1.221E-03 0.0001 0.0000 
Th-228 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OD 0.0000 

I Th-232 Th-230 9.295E-02 O.OOOE+OO 0.0043 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 4.269E-03 O.OOOE+OO 0.0000 0.0002 &676E-03 O.OOOE+OO 0.0004 0.0000 
U-234 3.989E-03 0.0002 O.OOOE+OO 0.0000 1.540E-05 0.0000 3.680E-04 0.0000 
U-235 7.568~-04 0.0000~ 0.000~+00 0.0000 0.000~+00 0.0000 6.974~-05 0.0000 

1 U-238 3.557E-03 0.0002 O.OOOE+OO 0.0000 l.O46E-08 0.0000 3.27%04 0.0000 

Total 1.425E-01 0.0066 O.OOOE+OO 0.0000 4.831E-03 0.0002 1.326E-02 0.0006 

*Sun of all uater independent and dependent pathuays. 

SoiI 
- 

mram/yr fract. 

1.231E-19 0.0000 
8.451E-04 0.0000 
7.497E-17 0.0000 
l.O17E-03 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
1.894E-02 0.0009 
3.477E-02 0.0016 
2.296E-04 0.0000 
2.665E-05 0.0000 
l.RZE-04 0.0000 

5.600E-02 0.0026 

Meat Hi Lk ALL Pathways* 

mrem/yr fract. mremfyr fract. mrem/yr fract. 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.722E-17 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.555E-02 0.0021 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 l.l84E-13 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.410E-01 0.0158 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.624E+OO 0.2141 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.656E+Ol 0.7664 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.746E-02 0.0008 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.486E-03 0.0002 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.412E-02 0.0007 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 Z.lbOE+Ol 1.0000 
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sumwy : Hayuood residences, rnit 1 mean resident subsrface, WFMYl.002, EPA 

File : MFHAY1.002 

Total Dose Contributions TDOSE(i,p,t) for lndividuel Radionuclides (i) and Pathways (p) 
As mremfyr and Fraction of Total Dose At t = 3.000E+03 years 

Water Independent Pathways I 

AC-227 O.OOOE+OO 0.0000 
Pa-231 o.oooE+oo 0.0000 
Pb-210 o.oooE+oo 0.0000 
Ra-226 O.DDOE+OO 0.0000 
Ra-228 o.oolE+oo 0.0000 
Th-228 0.000E+D0 0.0000 
Th-230 0.00oE+w 0.0000 
Th-232 O.OOOE+OO 0.0000 
u-234 O.DDOE+OO 0.0000 
U-235 O.OOOE+OO 0.0000 
U-238 O.OOOE+OO 0.0000 

Ground 
Radio- 
Nuclide mrcwfyr fract. 

Total O.OOOE+OO 0.0000 

Dust Radon Plant 

mreriVyr frect. mrern/yr froct. 

O.OOOE+OO 0.0000 O.OOOE+OO O.OfJDO 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOfJE+OO 0.0000 O.OOOE+OO 0.0000 
0.000E+00 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 0.000E+00 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

mrem/yr fract. 

O.OOOE+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0,000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OQOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+DO 0.0000 

Meat 

mremfyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

b!i Lk 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.DOOE+OO 0.1 0 
O.OOOE+OO 0. t 0 
O.OOOE+OO 0.0000 
O.OOOE+OO 0. 0 
O.OOOE+OO 0. 

I 
0 

O.OOOE+OO 0.0 00 
O.OOOE+OO 0.P 
O.OOOE+OO 0.r 
O.OOOE+OO 0: 1%% 

0 
0 
0 

O.OOOE+OO 0.0000 
O.OOOE+OO 0. 0 

3 
O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclidas (i) and Pathways (pl 
As mrcmlyr and Fraction of Tote1 Dose At t = 3.000Et03 years 

Water Dapendant Pathnays 1 

Mater 
Radio- 
Wuclids mremfyr frsct. 

AC-227 O.OOOE+OO 0.0000 
Pa-231 0.000E+00 0.0000 
Pb-210 O.OOOE+OO 0.0000 
Ra-226 O.OOOE+OO 0.0000 
Ra-228 O.OOOE+OO 0.0000 
Th-228 O.OOOEtDO 0.0000 
Th-230 &113E-05 0.4686 
Th-232 O.OOOE+OO 0.0000 
U-234 4.831E-05 0.2791 
u-235 o.oGoE+oo 0.0000 
U-238 1.606E-08 0.0001 
--- 

Total 1.295E-04 0.7477 

Fish 

mram/yr tract. 

a.000E+00 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
.O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
-- 

O.DOOE+OO 0.0000 

mram/yr fract. 

O.OOOE+OO 0.0000 
O.OODE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OODE+OO 0.0000 
O.OOOE+OO 0.0000 
O.DOM+OO 0.0000 
1.991E-05 0.1150 
O.OOOE+OO 0.0000 
l.l83E-05 0.0683 
D.OOOE+OO 0.0000 
3.9338-09 0.0000 

3.175E-05 0.1834 

Plant 

mremlyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.00M+00 0.0000 
O.OOOE+OO 0.0000 
7.474E-06 0.0432 
O.OOOE+OO 0.0000 
4.4518-06 0.0257 
D.OOOE+OO 0.0000 
1.4798-09 0.0000 
-- 

l.l93E-05 0.0689 

Meat 

mram/yr fract. 

D.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.ODOE+OO 0.0000 

Rilk 

mrem/yr fract. 

O.OOOE+OD 0.0000 
O.ODOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Al\ Pathway 

II 
mremlyr fract. 

O.OODE+OO 0.0 
-8 

O.OOOE+OO O..OOOO 
O.OOOE+OO 0.0 n 
O.DOOE+OO 0.0' 
O.OOOE+OO 0.0 1 
O.OOOE+OO 0.0000 
l.O85E-04 0.6 
O.OOOE+OO 0.0 8 
6.459E-05 0.3731 
O.OOOE+OO 0.0 
2.147E-08 0.0 

O.OOOE+OO 0.0000 1.73tE-04 1.00 

39 *Sun of all water independent and dependent pathways. 
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Sun-nary: Maywood residences, wit 1 mean resident subsrface, UFIuYl.002. EPA 
File : IIFHAY1.002 

B Dose/Source Ratios Summed Over All Pathways 
Parent and Progeny Principal Radionuclide Contributions Indicated 

I Parent Product Branch DSR(j,t) (mrem/yr)/(pCi/g) 

(il (j) Fraction t= O.OOOE+OO l.OOOE+OO 3.OOOEtOO l.OOOE+Ol 3.000EtOl l.OODE+02 1.50DEtO2 3.OOOE+02 l.OOOEt03 3.000E+03 -- m AC-227 AC-227 l.OOOE+OO 

Pa-231 Pa-231 l.OOOE+OO 
Pa-231 AC-227 
Pa-231 mSR(j) 

Pb-210 Pb-210 l.OOOE+OO 

Ra-226 Ra-226 l.OOOE+OO 
Ra-226 Pb-210 

I Ra-226 mSR(j) 

_. 
Ra-228 Ra-228 l.OOOE+OO 
Ra-228 Th-228 
Ra-228 ZxSR(j) 

Th-228 Th-228 1.000E+00 

~1 Th-230 Th-230 1.000E+00 
Th-230 Ra-226 

j 

I[ 

Th-230 Pb-210 
Th-230 II)SR(j) 

I 

Th-232 Th-232 l.OOOE+OO 
Th-232 Re-228 
Th-232 Th-228 
Th-232 mSR(j) 

U-234 u-234 l.OOOE+OO 
U-234 Th-230 
U-234 Re-226 
u-234 Pb-210 
U-234 ZISR(j) 

I 
U-235 u-235 l.OOOE+OO 
U-235 Pa-231 
U-235 AC-227 
U-235 DSR(jl 

3.808E.01 3.701E.01 3.497E-01 5.502E-01 1.354EtOO 2.436E-01 3.m-02 l.l09E-04 1.435E-16 O.OOOE+OO 

1.725E-01 l.TJOE-01 1.7381-01 1.769E-01 3.424%.01 9.963E-01 1.217E+OO 8.072E-01 9.539E-02 O.OOOE+OO 
O.OOOE+OO l.ZOZE-02 3.534E-02 1.432E.01 l.llSE+OO 3.501EtOO 3.683E+OO 2.413E+OO 2.842E-01 O.OOOE+OO 
1.725E-01 1.850E-01 2.092E-01 3.201~-01 1.457EtOO 4.498EtOO 4.900E+OO 3.221E+OO 3.795E-01 O.OOOE+OO 

2.658E+OO 2.5T/E+OO 2.421EtOO 1.94EIE+OO l.O46E+OO 1.288E-01 3.393E-02 3.242E-03 3.946E-13 O.OOOE+OO 

2.866EtOO 2.876EtOO 2.896E+OO 2.969EtOO 3.216EtOO 4.604EtOO 6.287E+OO 4.396~+00 7.979E-01 O.OOOE+OO 
O.OOOE+OO 8.130E-02 2.363E-01 7.064E-01 1.589EtOO 2.431E+OO 2.445E+OO 1.873E+OO 3.387E-01 O.OOOE+OO 
2.866~+00 2.957EtOO 3.132EtOO 3.675EtOO 4.805EtOO 7.035E+OO 8.732E+OO 6.268EtOO 1.137E+OO O.OOOE+OO 

7.808E.01 6.985E-01 5.590E-01 2.563E-01 2.784E-02 1.244E-04 5.056E-05 3.914E-11 O.OOOE+OO O.OOOE+OO 
O.OOOE+OO 5.402E.01 1.035EtOO 8.253E.01 9.2808-02 3.183E-05 l.O71E-07 4.703E-12 O.OOOE+OO O.OOOE+OO 
7.8DEE-01 1.239EtOO 1.5941+00 1.082EtOO 1.206E-01 1.5621-04 5.067E-05 4.3848-11 O.OOOE+OO O.OOOE+OO 

1,8798*00 1.319E+OO 6.499E-01 5.4548-02 4.5921-05 7.957E-16 1.6441-23 O.OOOE+OO O.OOOE+OO O.OOOE+OO 

1,30OE-02 1.308E-02 1.324E-02 1.379E-02 1.5368-02 2.102E-02 2.561E-02 2.556E-02 2.536E-02 O.OOOE+OO 
O.OOOE+OO 1.247E-03 3.i%'E-03 1.302E-02 4.328E-02 2.239E-01 4.882E-01 8.299E-01 1.435EtOO 4.677E-05 
0.000E+00 1.771E-05 1.562E-04 1.620E-03 1.213E-02 8.172.E-02 1.410E-01 2.797E-01 5.327E-01 O.OOOE+OO 
1,30OE-02 1.435E-02 1.717E-02 2.842E-02 7.0772-02 3.267E-01 6.548E-01 1.135EtOO 1.993EtOO 4.677E-05 

6,86lE-02 6.901E-02 6.981E-02 7.261E-02 8.062E-02 l.O87E-01 1.292E-01 1.291E.01 1.289E-01 O.OOOE+OO 
O.OOOE+OO 8.9411-02 2.438E-01 6&M-01 1.039EtOO 2.290E+OO 3.957EtOO 3.955E+OO 3.949EtOO O.OOOE+OO 
O.OOOE+OO 3.525E-02 2.387E-01 1.144EtOO 2.283EtOO 4.255~+00 6.481EtOO 6.479EtOO 6.468EtOO O.OOOE+OO 
6.8618-02 1.937E-01 5.523E-01 1.821EtOO 3.402EtOO 6.654EtOO 1.057~+01 1.056EtOl 1.055~+01 O.OOOE+OO 

3.8088-03 3.829E-03 3.871E-03 4.0121-03 8.0988-03 2.383E.02 2.893E-02 1.924E.02 2.304E.03 O.OOOE+OO 
O.OOOE+OO l.l76E-07 3.560E-07 1.2248-06 3.982E-06 1.654E.05 2.832E.05 4.697E.05 7.757E-05 5.927E-08 
O.OOOE+OO 5.612E-09 5.092E-08 5.829E-07 5.839E-06 9.625E-05 3.054E-04 9.561E-04 3.752E-03 2.778E-05 
O.OOOE+OO 5.327E-11 1.416E-09 4.965E-08 1.236E-06 2.910~-05 7.636E-05 2.965E-04 1.394~-03 O.OOOE+OO 
3.808E-03 3.829E-03 3.871E-03 4.014E-03 8.109E-03 2.397E.02 2.934E.02 2.054E.02 7.528E.03 2.784E-05 

1.781E-02 1.812E-02 l-8758-02 2.1148-02 3.361E-02 1.282E-01 3.152E-01 2.083E-01 2.960E.02 ~.OOOE+OO 
O.OOOE+OO 3.655E-06 l.l02E-05 3.738E-05 1.932E-04 1.447E.03 2.740E-03 4.378E-03 1.951E-03 0.000~+00 
O.OOOE+OO 1.278E-07 l.l40E-06 1.388E-05 3.1548-04 4.449E-03 8.440E-03 1.317E.02 5.832E.03 O.OOOE+OO 

1.781E-02 1.812E-02 1.876E-02 2.120E-02 3.411E-02 1.341E-01 3.263E-01 2.258E.01 3.739E.02 O.OOOE+OO 

U-238 U-238 l.OOOE+OO 

I 

U-238 U-234 
U-238 Th-230 
U-238 Ra-226 

1.2631-02 1.274E-02 1.297E-02 1.377~-02 1.991E-02 4.741~.02 6.827E-02 4.522E-02 6.076~.03 ~.OOOE+OO 
O.OOOE+OO l.O83E-08 3.285E-08 l.l35E-07 6.117E-07 4.652E-06 8.724E-06 1.395~.05 6.256~.06 0.000~+00 
O.OOOE+OO l&GE-13 1.509E-12 1.724E-11 1.666E-10 2.232~.09 5.597E-09 1.722E-08 6.477~-08 1.637E-11 
O.OOOE+OO 5.290E-15 1.44OE-13 5.483E-12 1.648E-10 8.863E-09 4.156E-08 2.490E.07 2.592E.06 9.238E-09 
O.OOOE+OO 3.674E-17 3.015E-15 3.557E-13 2.779E-11 2.285E.09 9.124E-09 7.107E.08 9.404E-07 O.OOOE+OO 
1.263E-02 1.2748-02 1.297E-02 1.377E-02 1.991E-02 4.742~-02 6.828E-02 4.524E-02 6.086~.03 9.255~.09 

1 

U-238 Pb-210 
U-238 mSR(jl 
-- 

The DSR includes contributions fran associated (half-life 5 0.5 yr) daughters. 



Residual Radioactivity Program, Version 4.60 03119193 10:13 Page 25 
Summy : Hayuood residences, Ulit 1 mean resident stirface, IIFMAY1.002, EPA 
File : MFUAY1.002 

Single Radionuctide Soil Guidelines G(i,t) in pCi/g 
Basic Radiation Dose Limit = 100 mramfyr 

Huclide 
til t= O.ODOE+OO l.OOOE+OO 3.OOOEtOO l.DOOE+01 3.000EtOl l.OOOE+02 l.SOOE+D2 

AC-227 
Pa-231 
Pb-210 
Ra-226 
Ra-228 
Th-228 
Th-230 
Th-232 
U-234 
u-235 
U-238 

2.6261+02 
5.79&+02 
3.7638+01 
3.4891+01 
1.2811+02 
5.3211+01 
7.6911+03 
1.458E+O3 
2.626EM4 
5.615Et03 
7.917Eto3 

2.702Et02 
5.4061+02 
3.881EtOl 
3.381EtOl 
8.073E+ol 
7.58OEtOl 
6.9711+03 
5.163Et02 
2.6128+04 
5.519E+o3 
7.848EtO3 

*At specific activity limit 

3.000E+02 l.OOOEt03 

2.8598+02 
4.7818+02 
4.130EtOl 
3.193EtOl 
6.27SEtOl 
1.539Et02 
5,824E+03 
1.810E+02 
2.5838+04 
5.331Et03 
7.7138+03 

1.817E+O2 
3.1241+02 
5.133EtOl 
2.72lEt01 
9.2468+01 
1.834E+03 
3.5188+03 
5.490E+Ol 
2.49lEtO4 
4.718E*03 
7.261E+03 

7.3841+01 
6&3E+Ol 
9.560E+Ol 
Z.OSlE+Ol 
8.289E*DP 
2.178E+O6 
1.4131+03 
2.939E+Ol 
1.2331+04 
2.931E+03 
5.023Et03 

4.10%+02 
2.223E+Ol 
7.7631+02 
1.421E+Ol 
6.4021+05 

*&192E+14 
3.061E+02 
1.503E+Ol 
4.lREt03 
7.458E+02 
2.109E+03 

2.647EtO3 
2.041E+Ol 
2.947EtO3 
l.l45E+Ol 
1.9748+06 

*8.192E+14 
1.527E+O2 
9.463E+OO 
3.4099+03 
3.064E+02 
1.465Et03 

9.019E+OS 
3.105E+Ol 
3.084Et04 
1.5958+01 
Z.ZBlE+lZ 

l 8.192E+l4 
8.810E+ol 
9.467E+OO 
4.869Eto3 
4.428E+02 
2.211Et03 

'7.244E+13 
2.635E+02 

'7.631E+13 
8.798E+ol 

*2.72lE+14 
'8.192E+14 

5.017E+o1 
9.482E*OO 
1.3288+04 
2.675Et03 
1.643E+04 

Swmed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g) 
and Single Radiowclide Soil Guidelines G(i,t) in pCi/g 

at tmin = time of minimus single radiowclide soil guideline 
and et tmax = time of maxinun total dose = 385.3 f 0.4 years 

AC-227 1.200E-01 49.55 t 0.05 1.639Stoo 6.102EtOl 
Pa-231 '1.200E-01 149.9 t 0.1 4.9OOEtOO 2.041EtOl 
Pb-210 3.000E-01 O.OOOE+OO 2.658EtOO 3.763Et01 
Ra-226 3.000E-01 150.1 f 0.2 8.729EtOO l.l46E+Ol 
Ra-228 d.S70E+OO 3.722 f 0.004 1.612EtOO 6.2021+01 
Th-228 1.57OE+OO O.OOOE+OO 1.879Etoo 5.3218+01 
Th-230 2.320EtOO 1057 t 1 2.002EtOO 4.994%+01 
Th-232 1.570E+oo 150.2 t 0.2 1.057Eto1 9.463E+OO 
U-234 2.320EtOO 130.6 s 0.1 3.011E-02 3.321Et03 
U-235 l.iOOE-01 150.2 i 0.2 3.262E-01 3.0658+02 
U-238 2.320EtOO 150.3 i 0.2 6.827E-02 1.4651+03 

1 
0 
1 

3.000E+03 

l 7.244E+l 
*4.716~+1 b 
*7.631E+13 
*9.882E+lf 
*2.721E+l II 
*8.192E+l4 

2.138EtO 
*l.OPZE+O 

31 
3.592E+06 

Huclide Initial tmin DSR(i,tmin) G(i,tmin) DSR(i,tn!ax) G(i,tmax) 
ti) pcilg Wear.9 WAgI (pwsll -D 

3.9TtE-06 2.515E+07 
2.495EtOO 4.008EtOl 1 
2.068E-04 4.835E+OS 
5.103E+OO 1.960E+Ol 
1.393E-12 7.179Et13 
O.OOOE+OO *S.l92E+14 

1 

1.341EtOO 7.458EtOl 
l.O56E+tYl 9.468E+OO 
1.6821-02 5.945E+03 J 
1.824E-01 5.482EtD2 
3.549E-02 2.818EtO3 

*At specific activity limit 



APPENDIX F-3 

SLOPE FACTOR CANCER RISK 
FROM SURFACE SOILS 



Residual Radioactivity Program. Version 4.60 03/19/93 09:37 Page 3 
lntrisk : Raywood residences, unit 1, mean resident surface, UFMAYl.001, EPA df 
File : IIFMAYl.001 

Amowt of Intake Puantities PINT(i,p,t) for Individual Radionuclides (i) and Pathways (pl 
As pCi/yr at t- O.OOOE+OO years 

8 

1 

Uater Independent Pathways Uater Dependent Pathways Total 1 

Dust Plant neat Hilk Soil uater Fish Plant Meat HiLk lngesri 
Radio. 
Nuclide pCi/yr pCi/yr pWyr @iOr pci/yr pCi/yr pCi/yr pG/yr pCi/yr pci/yr 

---a 
pCi/yr 

AC-227 0.351E-02 0.507EtOO O.OO0E+OO O.OOOE+OO 0.8OOEtOO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.131E+ 
Pa-231 0.351E-02 0.507E+OO O.OOOE*OO O.OOOE+OO 0.8OOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 1 O.l31E+ , 
Pb-210 O.lOi'E-01 0.41X+02 O.OOOE+OO O.OOOE+OO 0.2458+01 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.437E+O2 
Re-226 O.l07E-01 0.8831+00 O.OOOE+OO O,OOOE+OO 0.245E+Ol O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.333E+ 
Ra-228 O-5948-01 0.4891+01 O.OOOE+OO O.OOOE+OO O.l35E*O2 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE*OO 0.184E +s 
Th-228 0.594E-01 0.143E+O2 O.OOOE+OO O.OOOE+OO 0.1358+02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE*OO 0.278Et02 
Th-230 0.699E-01 O.l68E+O2 O.OOOE+OO O.OOOE+OO O.l59E+O2 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE*OO 0.328~+ 
Th-232 0.5941-01 0.1431+02 O.OOOE+OO O.OOOE+OO 0.1351+02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.278~+ 
U-234 0.6991-01 O.lOlE+O2 O.OOOE+OO O.OOOE+OO 0.1591+02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.261E+ 1 
U-235 0.351E-02 0.507E+OO O.OOOE+OO O.OOOE+OO 0.8OOEtOO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.131E+Ol 
U-238 0.699E-01 O.lOlE+OZ O.OOOE+OO O.OOOE+OO O.l59E+O2 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.ZblE+ 

A 

* Sun of all ingestion pathnays, i.e. uater indepent plant, meat, milk, soil 
and uater-dependent water, fish, plant, fneat, milk pathways 

II 

Amovlt of Intake Pusntities PINTP(irn,i,t) and PlHTPU(irn,i,t) for Inhalation of 
Radon and its Decay Products as pCi/yr at t= O.OOOE+OO years 

1 

Radionuclides 
Radon 
Pathway Rn-222 PO-218 Pb-214 8i.214 Rn-220 PO-216 Pb-212 8i-212 1 

Uater-ind. 0.252E+O3 0.213E+O3 0.9318+02 0.478EtO2 0.247E+o5 0.239E+O5 0.461E+O3 0.118E+O3 
Uater-dep. o.oo~+~ O.OOOE+OO O.OOOE+OO O.OOOEtOO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 8 

Total 0.252E+O3 0.213E+O3 0.931E+O2 0.478E+O2 0.247E+O5 0.239E+O5 0.461E+O3 O.l18E+O3 

Yater-ind. == Ueter-independant Uater-dep. == Uater-dependent 1 

8 

F-54 

1 

8 

8 

8 

8 



u Residual Radioactivity Program, Version 4.60 03/19/93 09:37 Page 4 
lntrisk : Maywood residences, wit 1, mean resident surface, FiFPAY1.001, EPA df 

Fiie : nFww.aai 

I 
Excess Cancer Risks CNRS(i,p,t) for Individual Rsdionuclides (i) and Pathways (p) 

and Fraction of Total Risk at t= O.OOOE+OO years 

Uater Independent Pathways 

I 

Ground Dust Ptant Meat Uilk soil 

Radio- 
Nuclide risk fract. risk fract. risk fract. risk frsct. risk fract. risk fract. 

1 ~~-227 5.474E-07 0.0060 2.776E-09 0.0000 i.596E-09 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.519E-09 0.0000 

Pa-231 i.689E-08 0.0002 i.i36E-09 0.0000 4.196E-lo 0.0000 0.00og+00 0.0000 0.000E+00 0.0000 6.62TE-10 0.0000 

b Ra-226 Pb-210 3.3938-10 i.a68E-05 a.1174 o.aaoo 3.860E-10 2.895g-lo 0.0000 0.0000 2.4528-07 9.535E-lo 0.0027 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 0.000E+00 0.000g+00 0.0000 0.0000 2.642E-09 1.453E-08 0.0002 0.0000 

Ra-228 2.903E-05 a.3191 3.688E-ia 0.0000 4.40TE-09 0.0000 0.000E+00 0.0000 0.000g+00 0.0000 i.219E-08 0.0001 

Th-228 4.9641-05 a.5456 4.169E-08 0.0005 7.077E-09 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 6.706E-09 0.0001 

a Th-230 Th-232 3.183E-10 7.742E-10 0.0000 0.0000 1.824E-08 i.496E-08 0.0002 0.0002 1.969E-09 i.544g-09 0.0000 0.0000 a.aaaE+aa 0.000E+00 0.0000 0.0000 0.000E+00 a.aaaE+aa 0.0000 0.0000 i.866E-09 i.463E-09 0.0000 0.0000 

u-234 4.2681.ia 0.0000 1.636E-08 0.0002 1.455E-09 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.296E-09 0.0000 

1 u-235 U-238 4.492E-07 1.6991-07 0.0019 a.0049 3.27iE-08 7.887E-To a.0004 0.0000 2.547E-09 7.298E-11 0.0000 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 0.000E+00 0.000g+00 0.0000 0.0000 4.019E-09 T.l52E-ia 0.0000 0.0000 

a Total 9.0531.05 a.9951 1.297E-07 a.0014 2.673E-07 0.0029 0.000E+00 0.0000 0.000E+00 0.0000 4.90iE.08 o.oaa5 

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (il and Pathways (p) 
and Fraction of Total Risk at t= O.OOOE+OO years 

Uater dependent Pathuays 

Uater Fish Plant Meat Hilk All Pathways” 
Radio- 
Nucl ide risk fract. risk fract. risk f ract . risk fract. risk fract. risk fract. 

a ~~-227 Pa-231 0.000E+00 0.000E+00 0.0000 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 0.000g+00 0.0000 0.000E+00 0.0000 5.543E-07 a.0061 
0.000E+00 0.0000 0.000E+00 0.0000 T.910E-08 0.0002 

Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.605E-07 0.0029 
1 ~a-226 ~a-228 0.000E+00 0.000E+00 0.0000 0.0000 0.000E+00 0.000E+aa 0.0000 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 2.905E-05 l.a68E-05 0.3193 a.1174 

Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.969E.05 a.5462 

I Th-232 Th-230 0.000R+00 0.000g+00 0.0000 0.0000 a.aaaE+aa 0.000E+00 0.0000 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 0.00aE+00 0.000E+00 0.0000 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 2.285E-08 i.a29E-08 0.0003 0.0002 
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000R+00 0.0000 0.000E+00 0.0000 0.00aE+00 0.0000 2.053E-08 0.0002 
u-235 0.000E+00 0.0000 0.000E+00 0.0000 

1 
0.000E+00 0.0000 

u-238 0.000g+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 0.000E+00 0.000E+00 0.0000 0.0000 4.iw+g-07 1.709E-07 0.0019 0.0054 
--m 

Total 0.000E+00 0.0000 O.aOOE+OO 0.0000 O.OOOE+OO 0.0000 a.aaaE+aO O.OOaa a.OOOE+OO 0.0000 9.098E-05 l.OOaa 

I 
l * Sun of mater independent ground, dust, plant, m-sat, milk, soil 

and uster dependent water, fish, plant, meat, milk pathways 

t 

1 
F-55 



Residue1 Rsdiosctivity Progrsm, VerSiOt7 4.60 03/t9/93 09:37 Page 5 
I Intrisk : Waymod residmces, unit 1, mesh resident surface, MFRAY1.001, EPA df 

File : UF)IAYl.ool 

Excess Cancer Risks CNRST(irn,i,t) and CNRSPU(irn,i,t) for Inhalation of 
Rsdon and its Decay Products at t= 0.000E+00 years 

Rsdionuclides 
Radon 
Pathway Rn-222 PO-218 Pb-214 Ei-214 Rn- 220 PC-216 Pb-212 Bi-212 

Uater- ind. o.l65E-08 a.lllE.08 0.243E.08 0.9041.09 0.267E-07 a.l03E-09 0.1788.06 0.700E-08 
Uater-dep. 0.000R+00 0.000S+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.165~.08 a.lllR-08 0.243E-08 0.904E.09 0.26w07 0.103E-09 0.178E-06 0.700E-08 

Uater- ind. == Uater- independent Water-dep. D= Uater-dependent 

Total Excess Cancer Risk CNRSl(i,p,t) l ** for Initially Existent Radionuclides (i) and Pathways (pl 
and Fraction of Total Risk at t= 0.000E+00 years 

I( 

Grand 
Radio- 
Nucl ids risk fract. 

AC-227 5.474E-07 0.0060 
Pa-231 1.6a9E-08 0.0002 
Pb-210 3.393E-10 0.0000 
Ra-226 l.a68E-05 0.1171 
Ra-228 2.903E-05 0.3183 
Th-228 4.964E-05 0.5443 
Th-230 7.742E-ia a.,0000 
lh-232 3.183E-10 0.0000 
u-234 4.268E-la 0.0000 
O-235 1.6998-07 0.0019 
U-238 4.492E-07 0.0049 
m-- 

Total 9.053E-05 a.9927 

oust 

risk fract. 

2.776E-09 0.0000 l.596E-09 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.5T9E-09 0.0000 
i.l36E-09 0.0000 4.1966-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.62lE-ia 0.0000 
3.8601.lo 0.0000 2.4521-07 0.0027 0.000E+00 0.0000 0,000E+00 r0.0000 l.453E-08 0.0002 
2.895~.ia 0.0000 9.5351.lo 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.642E-09 0.0000 
3.688E-10 0.0000 4.4018.09 0.0000 a.aaaE+aa 0.0000 0,000E+00 0.0000 T.219E-08 0.0001 
4.l69R-08 0.0005 7.077E-09 o.oool 0.000E+00 0.0000 0,000E+00 0.0000 6.706E-09 0.0001 
1.824~%1 0.0002 1.969~.09 0.0000 0.000E+00 o.oooa a.aaaE+ao o.aooo 1.866S-09 0.0000 
1.496E-08 0.0002 1.5441-09 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.463~.09 0.0000 
l.636E-08 0.0002 1.4551.09 0.0000 0.000S+00 0.0000 0.000E+00 0.0000 2.296E-09 0.0000 
7.887E-lo 0.0000 7.298E-11 0.0000 0.000E+00 0.0000 a.aaaE+00 0.0000 l.i52E-la 0.0000 
3.2718.08 0.0004 2.547E-09 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.019E-09 0.0000 

Water It-dependent Pathuays 

Plant Meat Hi Lk 

risk fract. risk fract. risk fract. 

l.297E-07 o.ool4 2.673E-07 0.0029 0.000E+00 0.0000 0.000E+00 0.0000 4.90lE-08 0.0005 

Soi I Radon 1 

risk f ract . risk fra 

-4 
0.000E+00 0.0000 
0.000E+00 0.0 
0.000E+00 o.oc 

1 6.099E-09 0.00 
0.000E+00 0.0000 
2.121E-07 0.00 
0.000E+00 0.0 08 
0.000E+aa 0.0000 
0.000E+00 0.00 

I 0.000E+00 0.00 
0.000E+00 0.0000 

2.182E-07 0.00 
1 

I 
II 

F-56 

a 
8 
I 



I Residue1 Radioactivity Program, Version 4.60 03/19/93 09:3? Page 6 
lntrisk : Waywood residences, mit 1, mean resident surface, WFMAY1.001, EPA df 
File : RFMYl.001 

8 

Total Excess Cancer Risk CNRSI(i,p,t) *** for Initially Existent Radiorwlides (i) and Pathuays (p) 
and Fraction of Total Risk at t= O.OOOE+OO years 

Uater dependent Pathways 

Water Fish Plant Meat 

Radio- 
Nuclide risk fract. risk fract. risk fract. risk fract. 

8 AC-227 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

Pa-231 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

Pb-210 
1 

O.OOOE+OO 0.0000 O.OOOE+OO 
Ra-220 Ra-226 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 0.0000 O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.0000 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 

O.OOOE+OO 0.0000 
Th-226 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

\ 1 
Th-230 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

Th-232 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

U-234 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

8 U-238 u-235 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

I 

O.OOOE+OO 0.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

Milk Radon Alt pathuays 

risk fract. risk fract. risk fract. 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 5.543E-07 0.0061 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.910E-08 0.0002 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.605E-07 0.0029 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 l.O69E-05 0.1172 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.9056-05 0.3185 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.99?E-05 0.5472 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.285E-08 0.0003 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.829E-08 0.0002 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.053E-08 0.0002 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.709E-07 0.0019 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.884E-07 0.0054 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 9.12OE-05 1.0000 
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Residual Radioactivity Program, Version 4.60 03/19/93 10:13 Page 3 
lntrisk : naywood residences, tnit 1 mean resident subsrface, HFRAYl.002, EPA 
File : RFMAYl.002 

Amovlt of Intake Pwntities PINT(i,p,t) for Individual Radioiwclides (i) and Pathways (p) 
As pci/yr at t= O.OOOE+OO years 

Uater Independent Pathways Uater Dependent Pathways, Total' 

Radio- 
Nuclide 

8 

AC-227 
Pa-231 
Pb-210 

1 

Ra-226 
Ra-226 
Th-228 
Th-230 

1 

Th-232 
u-234 
u-235 

8 

U-238 

Dust Plant Pleat Hill: Soil Uater Fish Plant Meat Milk Ingestion 

pei/yr fXi/yr pWyr V-i/v pCi/yr pCi/yr Wi/yr pCi/yr pCi/yr pCi/yr pCi/yr 

O.OOOE+OO O.l75E+Ol O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.l75E+Ol 
O.OOOE+OO O.l75E+Ol O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.175EtOl 
O.OOOE+OO O.l19E+03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.119E+03 
O.OOOE+OO 0.245EtOl O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.245EtOl 
O.OOOE+OO 0.128EtO2 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE*OO O.OODE+OO O.OODE+OO O.OOOE+OO O.OOOE+OO O.l28E+02 
O.OOOE+OO 0.3856+02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.385E+02 
O.OOOE+OO 0.568Et02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.568E+02 
O.OOOE+OO 0.385Et02 O.OOOE+OO O.OOOE+OO O.OOOE+DO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.385E+OP 
O.OOOE+OO 0.3381+02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.338E+02 
O.OOOE+OO 0.175EtOl O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.l75E+Ol 
O.OOOE+OO 0.33BEt02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.338E+02 

I 

* SUM of all ingestion pathways. i.e. water indepent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

tit of Intake Quantities PtNTP(irn,i,t) and PINTW(irn,i,t) for Inhalation of 

1 

Radon and its Decay Products as pCi/yr at t= O.OOOE+OO years 

Radionuclides 

4 

Radon 
Pathuay Rn-222 PO-218 Pb-214 Bi-214 Rn-220 PO-216 Pb-212 Bi-212 

Water-ind. 

1 

O.l04E+05 0.969Et04 0.5901+04 0.400E+O4 O.OOOE+OO O.OODE+OO O.OOOE+OO O.OOOE+OO 
Yater-dep. O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

Total 0.104Et05 0.969Et04 0.590Et04 0.400EtO4 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

Uater-id == Uater-independent Uater-dep. == Yater-dependent 

1 
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Residual Radioactivity Program, Version 4.60 03/19/93 IO:13 Page 4 
Intrisk : Hayuocd residences, unit 1 mean resident subsrfacc, WFHAYl.002, EPA 
File : MFHAY1.002 

Excess Cancer Risks CNRS(i,p,t) for Individual Radiomclides (0 and Pathways (p) 
and Fraction of Total Risk at t= O.OOOE+OO years 

Grd Dust 
Radio- 
Nuclide risk fract. risk fract. 

AC-227 5.269E-08 0.0031 O.OOOE+OO 0.0000 
Pa-231 1.511E-09 0.0001 O.OOOE+OO 0.0000 
Pb-210 l.O85E-11 0.0000 O.OOOE+OO 0.0000 
Ra-226 l.S88E-06 0.0933 O.OOOE+OO 0.0000 
Ra-228 ti.7732-06 0.2215 O.OOOE+OO 0.0000 
Th-228 1.075'8-05 0.6334 O.OOOE+OO 0.0000 
Th-230 9.437!Z-12 0.0000 O.OOOE+OO 0.0000 
Th-232 2.196E-12 0.0000 O.OOOE+OO 0.0000 
U-234 7.490E-12 0.0000 O.WOE+OO 0.0000 
u-235 4.029E-09 0.0002 O.OOOE+OO 0.0000 
U-238 5.213E-08 0.0031 O.OOOE+OO 0.0000 

-Pm 
Total 1.626E-05 0.9547 O.OOOE+OO 0.0000 

Water Independent Pathways 

Plant bleat 

risk fract. risk fract. 

5.512E-09 0.0003 O.OOOE+OO 0.0000 
l-4491-09 0.0001 O.OOOE+OO 0.0000 
7.069E-07 0.0415 O.OOOE+OO 0.0000 
2.648-09 0.0002 O.OOOE+OO 0.0000 
l.l54E-08 0.0007 O.OOOE+OO 0.0000 
1.904E-08 0.0011 O.OOOE+OO 0.0000 
6.650E-09 0.0004 O.OOOE+OO 0.0000 
4.1546-09 0.0002 O.OOOE+OO 0.0000 
4.872E-09 0.0003 O.OOOE+OO 0.0000 
2.520E-10 0.0000 O.OOOE+OO 0.0000 
8.526E-09 0.0005 O.OOOE+OO 0.0000 

7.715E-07 0.0453 O.OOOE+OO 0.0000 

Uater 
Radio- 
Nuclide risk fract. 

AC-227 O.OOOE+OO 0.0000 
Pa-231 O.OOOE+OO 0.0000 
Pb-210 O.OOOE+OO 0.0000 
Ra-226 O.OOOE+OO 0.0000 
Ra-228 O.OOOE+OO 0.0000 
Th-228 O,OOOE+OO 0.0000 
Th-230 O,OOOE+OO 0.0000 
Th-232 0,OOOEtOO 0.0000 

U-234 O,OOOE+OO 0.0000 
U-235 O,OWE+OO 0.0000 
U-238 O,OOOE+OO 0.0000 
v-- 

Total OJOOOE+OO 0.0000 

Wilk Soi 1 

risk fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*OO O.ODOO 

a.oooE+oa 0.0000 

risk fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Excess Cancer Risks CNRS(i,p,t) for Individual Radionwlides (i) and Pathways (p) 
and Fraction of Total Risk at t= O.WOE+OO years 

Uater dependent Pathways 

Fish 

risk tract. 

G.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
G.OOOE+OO 0.0000 
G.OOOE+OO 0.0000 
O.GOOE+OO 0.0000 
G.GOOE+OO 0.0000 
G.OOOE+OO 0.0000 
O.GOOE+OO 0.0000 
O.GOOE+OO 0.0000 
D.GOOE+OO 0.0000 
G.GOOE+OO 0.0000 
-- 

O.OOOE+OO 0.0000 

Plant 

risk fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
G.OOOE+OO 0.0000 
O.OWE+OO 0.0000 
G.OOOE+OO 0.0000 
G.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
0.00oE+00 0.0000 
G.OOOE*GO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Weat Hilk 

risk fract. risk fract. 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.WOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
-m 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

** Sun of ,uater independent growd, dust, plant, meat, milk, soil 
and water dependent water, fish, plant, msat, milk pathways 

F-60 

All Pathways** 

risk fract. 

5.820E-08 0.0034 
2.960E-09 0.0002 
7.069E-07 0.0415 
1.59lE-06 0.0934 
3.7&E-06 0.2222 
l.O8lE-05 0.6345 
~&JOE-09 0.0004 
4.156E-09 0.0002 
4.879E-09 0.0003 
4.281E-09 0.0003 
6.0&E-08 0.0036 

1.703E-05 1.0000 

I 
8 
8 
8 
II 
8 
8 
8 
8 
1 
8 
I 
‘I 
1 
I 
8 
a 
1 
8 
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I Residual Radioactivity Program, Version 4.60 03/19/93 10:13 Page 5 

Intrisk : Maywood residences, mit 1 men resident subsrface, MFMYl.002, EPA 

File : HFKAYl.002 

Excess Cancer Risks CNRSP(irn,i,t) and CNRSPU(i.rn,i,t) for Inhalation of 

1 

Radon and its Decay Products at t= O.OOOE+OO years 

Radionuclides 

Radon 

I 

Pathway Rn-222 PO-218 Pb-214 8i-214 Rn-220 PO-216 Pb-212 Bi-212 

Uater-ind. 0.685E-07 0.506E-07 0.1548-06 0.756E-07 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

8 

water-dep. O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

Total 0.685E-07 0.5061-07 O.l54E-06 0.7361-07 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

I 
Uater-imd. == Uater-independent Yater-dep. == Yater-depmdant 

Total Excess Cancer Risk CNRSI(i,p,t) *** for Initially Existent Radionuclides (i) and Pathuays (p) 
and Fraction of Total Risk at t= O.OOOE+OO years 

Uater Independent Pathways 

8 
Ground Dust 

Radio- 
Nuclide risk fract. risk tract. 

AC-227 5.269E-08 0.0030 O.OOOE+OO 0.0000 
Pa-231 1.5llE-09 0.0001 0.00OE+00 0.0000 

I Pb-210 Ra-226 l.O85E-11 1.58.8E-06 0.0000 0.0914 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 
Ra-228 3.773E-06 0.2171 O.OOOE+OO 0.0000 

I 
Th-228 
Th-232 Th-230 9.437E-12 l.O79E-05 0.0000 0.6207 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 

2.196E-12 0.0000 O.OOOE+OO 0.0000 

U-234 7.490E-12 0.0000 0.000E+00 0.0000 
8 U-238 U-235 4.029E-09 5.213E-08 0.0030 0.0002 O.OOOE+OO O.OOOE+OO 0.0000 0.0000 

I Total 1.626E-05 0.9355 O.OOOE+OO 0.0000 

Plant Meat Milk 

risk fract. risk fract. risk fract. 

5.512E-09 0.0003 O.OOOE+OO 0.0000 

1.449E-09 0.0001 O.OOOE+OO 0.0000 

7.0698-07 0.0407 O.OOOE+OO 0.0000 

2.646E-09 0.0002 O.OOOE+OO 0.0000 

1.1548-08 0.0007 O.OOOE+OO 0.0000 

1.904E-08 0.0011 O.OOOE+OO 0.0000 

6.650E-09 0.0004 O.OOOE+OO 0.0000 

4.154E-09 0.0002 O.OOOE+OO 0.0000 

4.872E-09 0.0003 O.OODE+OO 0.0000 

2.520E-10 0.0000 O.OOOE+OO 0.0000 

8.526E-09 0.0005 O.OOOE+OO 0.0000 

7.715E-07 O.B444 0.000E+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
-- 

O.OOOE*OO 0.0000 

Soil 

risk fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.ODOE+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

risk fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
3*486E-07 0.0201 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

3.486E-07 0.0201 
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Residual Radioactivity Progrm, Version 4.60 03/19/93 10:13 Psge 6 
lntrisk : ~aybmod residences, unit 1 man resident s&w-face, !lFMYl.O02, EPA 

File : MFMAY1.002 

Total Excess Cancer Risk CNRSl(i,p,t) *** for Initially Existent Radionuclides (i) at-d Pathways (p) 
and Fraction of Total Risk at t= O.OOOE+OO years 

Uater dependent Pathways 
1 

Uater Fish Plant Heat Milk Radon 
Radio- 

All pathway J 
Nuclide risk fract. risk fract. risk froct. risk fract. risk fract. risk fract. risk fract. 

AC-227 :O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Pa-231 'O.OOOE+OO 0.0000 O.OWE+OO 0.0000 
Pb-210 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Ra-226 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Ra-228 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Th-228 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Th-230 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Th-232 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
U-234 O.OOOE+OO 0.0000 O.OWE+W 0.0000 
U-235 0.0001+00 o.owo o.woE+oo 0.0000 
U-238 o.woE+oo o.oow O.OWE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
g.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

3 5.82OE-08 0. 
2.960E-09 0.0002 
7.069E-07 0.0 
1.940E-06 0.1 

% 3.784E-06 0.2 
l.O8lE-05 0.6218 
6.660E-09 0.0 I 
4.156E-09 0.0 J _ 
4.879E-09 0.0003 
4.281E-09 0.0 
6.0&E-08 0.0 J 

--- 
- 

I-m m-- 

Total il.WOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.738E-05 1.0 

***CNRSl(i,p,t) includes contribution from &cay daughter radionuclides 
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APPENDIX G 

RADIOLOGICAL SLOPE FACTOR RISKS 

Appendix G contains information supporting the comparison of slope factor risk to the 
dose/risk results. RESRAD risks were corrected to account for the use of measured data, this 
process is described. 

Table G- 1 
Table G-2 
Table G-3 
Table G-4 
Table G-5 
Table G-6 
Table G-7 
Table G-8 
Table G-9 
Table G-10 
Table G- 11 
Table G- 12 

Slope Factor Risk - Current Employee 
Slope Factor Risk - Current Resident (Child) 
Slope Factor Risk - Current Resident (Adult) 
Slope Factor Risk - Current Resident (Adult and Child) 
Slope Factor Risk - Current Transient 
Slope Factor Risk - Future Employee 
Slope Factor Risk - Future Resident (Child) 
Slope Factor Risk - Future Resident (Adult) 
Slope Factor Risk - Future Resident (Adult and Child) 
Slope Factor Risk - Future Transient 
Dose Factor Vs. FS Risk Comparison 
Slope Factor Risk Incorporating Actual Measured Data 

92-oomm2593 G-l 
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Table G-l 1. Dose Factor vs. Slope Factor Risk Comparison* 

I LOCATION PROPEFlTY I Resident I Transient I 

I LOCATION I PROPERTY I EmploYSS I Resident I Transient 
UNIT I Mssn RME Mean RME 1 

l Ocmfeotortisk/slopefrdsk 

G-12 
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I 
I 
I 
I 
I 
I 
I 
I 
u 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

6-12. Correction of Slope Factor Risk Using Measured Data 

The REXAD ~4.6 computer code estimates excess cancer risk using the slope factor 
approach. The RFSIL4D risk estimates must be corrected to account for dose from measured 
data. If not corrected, the risks would be based on the calculated radiation doses and would not 
incorporate the available radiation survey data. The risks for the direct gamma irradiation and 
the radon pathways were corrected using the following formula. 

A A = - (R,) sF R DOS.8 

where: 

ASF = Actual data slope factor risk; 
A DOSE = Actual data dose; 

= RESIUD dose; and 
= RJSRAD slope factor risk. 
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