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ESC-067101 
April 19, 2001 

Mr. Richard B. Provencher, Director 
Miamisburg Environmental Management Project 
U. S. Department of Energy 
P. 0. Box 66 
Miamisburg OH 45343-0066 - -  --- - _ -- . - - 3- _ -  - ._ - -  _. _ ______-_ _ -- - . 
ATTENTION: Robert S. Rothman 

SUBJECT: Contract No. DE-AC24-970H20044 
PARCEL 4 CERCLA DOCUMENTS - FINAL 

REFERENCE: Statement of Work Requirement C.7.le--Regulator Reports 

Dear Mr. Provencher: 

Rob Rothman of your office has approved the release to USEPA, OEPA, ODH, MMCIC, the 
administrative record, and the Public Reading Room of the Final version of the following 
documents for Parcel 4: 

Human Health Residual Risk Evaluation (RRE) 
Ecological Risk Evaluation (ERE) 
Record of Decision (ROD) 
Environmental Summary (ES) 

If you have any questions regarding the documents, or if additional support is needed, please 
contact Dave Rakel at extension 4203. 

Sincerely, 

~ k f f r e ~  S. Stapleton 
Manager, Environmental Safeguards & Compliance 

cc: Tim Fischer, USEPA, wlattachments (1-RRE, 1 -ERE, 5-ROD, 1 -ES) 
Brian Nickel. OEPA, wlattachments (1-RRE, 1-ERE, 2-ROD, 1-ES) 
Ruth Vandegrift, ODH, wlattachments (2-RRE, 2-ERE. 2-ROD, 1-ES) 
John Ebersole DOEIOH, w l l  of each attachment 

' Torrence Tracey DOEIHQ, w l l  of each attachment 
. . . . . - - . . . . . M.o.nte_Wi!!iarns 1 w/_? of each a-ttachmenf... . .. . . -. . - .. . _ . _ . . .. - .  . -. ._ _ ~.. . . - . - 

Dann Bird MMCIC wlattachments (2-RRE, 2-ERE, 2-ROD, 1-ES) 
Public Reading Room, wl5 of each attachment 
Administrative Record, w12 of each attachment 
DCC 





The Mound Core Team 
P.O. Box 66 
Miamisburg, Ohio 45343-0066 

Dr. Jeff Fisher 
Ms. Cathianne Watkins 
1550 Calls Creek Circle 
Watkinsville, GA 
30677 

Dear Dr. Jeff Fisher and Ms. Cathianne Watkins: 

The Core Team, consisting of the U.S. Department of Energy Miamisburg Environmental 
Management Project (DOE-MEMP), U.S. Environmental Protection Agency (USEPA), and 
the Ohio Environmental Protection Agency (OEPA), appreciates your comments on the 
Residual Risk Evaluation for Parcel 4. Attached are our responses. 

-- 

Should the responses to comments require additional detail, please contact Rob Rothman 
at (937) 865-3823 and we will gladly arrange a meeting or telephone conference. 

Sincerely, 

DOEIMEMP: 
~066rtS)Kothman, Remedial Project Manager 

USEPA: \ 

Timothyx. Fischer, fiem#dial 
- 

'project Manager 

-1 I , 
OEPA: & flA.4 

Brian K. Nickel, Project Manager 
A .~ 



Comments Received on the 
Parcel 4 Proposed Plan and Risk Evaluations 

from 
Dr. Jeff Fisher and Cathianne Watkins 

January 2001 

General Findings in Public Review Draft (Rev 0) 

Comment 1 : 

The level of contamination of the soil and groundwater at this parcel require 
- restrictions on the use of this property. - For example, constructing basements, - - - -  - 

using unpaved access roads, driveways and patios are not recommended. 
The type of industry that locates on the property is an issue. Food service and 
child care facilities are not recommended. The recommended institutional 
controls were listed (with no detail) in the document. The authors of the human 
health risk assessment did not present a specific opinion concerning the site, 
other than suggesting the risk assessment is 'conservative' and institutional 
controls will provide adequate protection. 

Response : 

The Parcel 4 RRE was conducted to evaluate human health risks associated 
with residual levels of contamination remaining within the area to ensure that 
future users of the land will not be exposed to contaminant levels that would 
pose unacceptable risks. The RRE was not intended to be a risk management 
document. The Risk Assessment Guidance for Superfund Volume 1 Human 
Health Evaluation Manual (Pad A), Section 9.1.1, Page 9-2 recommends 
avoiding the drawing of "risk management" conclusions within a risk 
assessment. The risk managers do agree that this parcel requires restrictions 
therefore the Record of Decision will state : "In order to maintain protection of 
human health and the environment at Parcel 4 in the future, the institutional 
controls to be adopted will ensure: 

Maintenance of industriallcommercial land use; 
Prohibition against residential use; 
Prohibition against the use of groundwater; 
Site access for federal and state agencies for the purpose of sampling and 
monitoring; and 
Prohibition against removal of Parcel 4 soils from the DOE Mound property 
(as owned in 1998) boundary without approval form the Ohio Department of 
Health (ODH) and the Ohio Environmental Protection Agency (OEPA)." 

Comment 2: 

An area of concern is off-site migration of COPCs and other materials that 
were removed from the risk analysis, but are known human carcinogens. 



Contamination of this parcel apparently occurred from soil runoff, resuspension 
of dust, and atmospheric disposition of stack emissions. This parcel represents, 
for the most part, the 'unused' portion of Mound, but the soil is contaminated to 
a degree that one can argue for clean up of soil. If no clean-up of soil occurs, 
the current and future theoretical health risks to the immediate off-site 
community need to be included in this document. Discussions (or map) are 
needed to delineate 1) the distribution pattern of radionuclides and chemicals in 
the soil, and 2) the modes of transport of these radionuclides from their source 
to this parcel and the adjacent community since this soil contamination in this 
parcel is apparently not the result of work activity in this parcel. 

Response: 

This Residual Risk Evaluation was prepared according to the Residual Risk 
Evaluation Methodology (RREM). This methodology focuses on the risks within 
the parcel . According to the Mound 2000 Work Plan, off-site risk will be 
addressed in the off-site or final Record of Decision and its supporting risk 
evaluation. 

No plant operations, no spills, and no dumping activities are known to have 
occurred on Parcel 4. The property did receive surface runoff from the adjacent 
plant operations, which has potentially contaminated Parcel 4. In 1995, a 
drainage control system was installed along the road north (and uphill) of 
Parcel 4 to prevent additional surface runoff. Parcel 4 was evaluated using all 
available sampling data. All carcinogenic and non-carcinogenic constituents 
detected in Parcel 4 were evaluated in the RRE unless they screened out using 
the RREM screening techniques. Although the RRE does evaluate indirect 
exposure to contaminants that may migrate through air or groundwater, it does 
not evaluate off-site exposure. The purpose of the RRE is to ensure that future 
on-site users of the land will not be exposed to contaminant levels that pose 
unacceptable risks following a transfer of ownership. The evaluation of off-site 
risks is not covered by the RREM. Further speculation as to how contaminants 
came to be located in Parcel 4 media would not improve the accuracy of the 
RRE. 

A map will be added to the Final version of the Parcel 4 RRE that shows the 
location of the soil COPCs maximum concentration. 

Comment 3: 

The community that surrounds this site deserves attention and should not be 
overlooked. What can Mound say to the public about health and safety for 
individuals that live adjacent to the site if no remedial action (clean-up) is 
taken? What can Mound say to the public about working on this parcel if 
institutional controls are instituted? Kids, pregnant women, and young adults 
will visit this site! What type of activity (historical or current) at the Mound is 
responsible for the hand-full chemicals and radionuclides that are driving this 
parcel risk assessment? 



Locations Of Maximum Observed Value For COPCs That Did 
Not Screen Out of Parcel 4 RRE 



Response: 

The community that surrounds the Mound facility should be protected, however 
the evaluation of off-site risks is not covered by the RRE. The purpose of the 
RRE is to assess potential health risks associated with residual levels of 
contamination remaining within a parcel prior to its release for future use. The 
future use scenarios specified by the RRE (i.e. construction worker, site 
employee) assume that adult workers will be chronically exposed to residual 
contamination in soil, groundwater, and air. Since the RRE used reasonable 
maximum exposure (RME) assumptions, actual risk levels for site employees 
and construction workers are not likely to exceed the levels presented in the 
RRE. Furthermore, the use of institutional controls limiting exposures to soil 
and groundwater are planned to ensure that on-site conditions are protective of 
future receptors. 

Given the projected industrial/commerciaI future use for the site, it is unlikely 
that children and pregnant visitors would be chronically exposed to on-site 
contaminants. If exposures to children and pregnant visitors were to occur, 
those exposures are expected to be brief in duration and below any 
incremental cancer or adverse effect levels as modeled by the construction 
worker and site employee scenarios within the Parcel 4 Residual Risk 
Evaluation . Much lower for instance than a construction worker who was 
assumed to be exposed through incidental ingestion of soil, dermal contact 
with soil external radiation exposure, inhalation of airborne dust and vapors, 
ground water ingestion, dermal contact with ground water and inhalation of 
vapors released by ground water while showering. If on-site conditions are 
protective of the highly exposed construction worker, it is anticipated that on- 
site conditions would be protective of occasional site visitors. Pregnant 
employees are restricted from access to radiological work areas, and currently 
there are no radiological work areas in Parcel 4. Radiation levels on Parcel 4 
are well below levels that would require workplace restrictions for pregnant 
women. The restrictions on development and use of the property (some of 
which specifically prohibit "children under eighteen years of age") are listed in 
detail in the Quit Claim Deed which is Appendix A of this Record of Decision. 

Current and future risk due to antimony in groundwater was estimated using 
the maximum concentration detected. For chromium, it was assumed that all 
chromium detected was present in the most toxic, hexavalent state. 
Hexavalent chromium is not naturally occurring and requires strong oxidizing . 

conditions to persist. Assuming that contaminants are present at the maximum 
concentration detected and assuming that contaminants are present only in 
their most toxic form is likely to result in an overestimation of actual risk levels. 

Although the focus of this evaluation is Parcel 4, the offsite population has not 
been forgotten. Mound's effluent monitoring and environmental surveillance 
continues, is reported to the public via the Annual Site Environmental 
Monitoring Report and other means, and will continue until the end of the Exit 



Project. The effluent monitoring program focuses on releases from the site, i.e., 
stack and wastewater discharges. The environmental surveillance program 
involves sample collection and analysis of ambient air, regional water supplies, 
sediments, onsite and offsite groundwater, and foodstuffs. 

Screening Level Ecological Risk Assessment Parcel 4 

Comment 4: 

The ecological risk assessment was easier to read, generally. Did Mound 
formally sample for the two species, the lndiana bat and the eastern 
massasauga rattlesnake? If not, why? Succinct statements needs to be 
included about the strength of the data concerning a census of what does live 
on this site. If historical data is available, are there any trends? How will future 
use of the site effect the current population of wildlife? Development of the site 
means removal of several species. What are the species that will be affected 
by development? Are wildlife contaminated with chemicals or radionuclides, 
from this site, that is, is there any data on the measurement of these materials 
in carcasses? 

Response: 

No formal sampling for the lndiana bat and the eastern massasauga was 
conducted. The habitat required by the lndiana bat was not found to be 
present and no eastern massasauga specimens were collected during the 
comprehensive 1992-1 993 OU9 Ecological Characterization study. Careful 
examination of all habitats on Parcel 4 in March 2000 revealed minor changes 
in certain habitat categories related to succession of the plant communities. 
However, no significant physical changes have occurred since completion of 
the Operable Unit 9, Ecological Characterization study. For this reason, it is 
assumed that the lndiana bat and the eastern massasauga do not occur on or 
in the vicinity of Parcel 4. 

Evaluating trends in species populations, impacts of development on wildlife, 
and tissue analysis are beyond the scope of a Screening Level Ecological Risk 
Assessment (SLERA) for a variety of reasons. First, a SLEW focuses on the 
potential for adverse effects on wildlife from chemical stressors, not physical or 
biological stressors. Second, impacts of future developmental actions have 
been addressed in the Environmental Assessment: Disposition of Mound 
Plant's South Property (DOEIEA-1239 June 1999). Third, community analysis 
and tissue bioassays are typically performed in a baseline Ecological Risk 
Assessment, using the results of the SLERA to focus quantitative field studies 
on those contaminants that pose a potential for adverse effects on specific 
wildlife species. 



Comment 6: 

Screening potential constituents of potential concern for surface soil samples 
less than 2 inches in depth only invalidates this pathway. This surface soil 
exposure issues for wildlife that do not live in soil is the same issue with 
humans. Granted, the expected disturbance of soil and potential exposure is 
expected to be with the surface layer of soil, but for this site, with industrial 
development and a construction worker scenario, removal or relocation of soil 
is expected. When this occurs, deep soil is brought to the surface and is a 
potential source for surface soil exposure. Re-accomplish the ecological 
analysis using 'deep' surface soil. - - . 

Response: 

Samples collected within the 0 -to 2 -feet depth below ground surface were 
evaluated in the SLERA. 

Specific Findings 

Comment 1 : 

The ecological and human health documents are incorrect when referring to 
hazard index values as 'risk' projections. Only the cancer calculations are risk 
projections based on a slope or dose-response. There are no dose-response 
analyses for non-cancer human health effects or the ecological effects using a 
LOAEL or NOAEL approach with uncertainty factors. Please correct this 
technical deficiency in the documents. Nothing can be inferred in terms of risk 
from a HI value greater than 1.0 (other than segregating chemicals or 
radionuclides in terms of mode of action). So, a HI value of 1.1, 10 or 100 is 
very deceptive to interpret, unless the toxicology data and uncertainty factors 
used to derive a toxicity factor are evaluated. Bench mark dose response 
values are needed for noncancer 'risk' projections. 

Response: 

We agree that hazard index values are not "risk" projections. However, the text 
improvements requested will not impact the remedy selected for this parcel. 
These improvements will be applied to the next parcel. We also agree that the 
interpretation of HI values greater than 1 is complex and deceptive to interpret 
(see RAGS Part A, Section 8.2.2, page 8-14). Segregation of hazard indices 
requires identification of the major effects of each chemical, including those 
seen at higher doses than the critical effect (e.g. the chemical may cause liver 
damage at a dose of 100 mgkgday and neurotoxicity at a dose of 250 mgkg- 
day). Major effect catagories include neurotoxicity, developmental toxicity, 
reproductive toxicity, immmunotoxicity, and adverse effects by target organ. 
Although higher exposure levels may be required to produce adverse health 
effects other than the critical effect, the reference dose can be used as the 
toxicity value for each effect category as a conservative and simplifying step. If 



the segregation is not carefully done, an underestimation of true hazard could 
result. 

Comment 2: 

Add an appendix to the Residual Risk Evaluation Parcel 4 document with the 
statistically derived background concentrations (mean, range, n, and standard 
deviation) for chemicals and radionuclides. 

Response: 

The background values used in the Parcel 4 RRE were taken from the Mound 
2000 RREM Appendix A. The soil background values were established in the 
Operable Unit 9 Background Soils Investigation Soil Chemistry Report 
(September 1994). The groundwater background values were established in 
the Operable Unit 9 Hydrogeologic lnvestigation Groundwater Sweeps Report 
(April 1995). Since the background values were not recalculated and were 
published along with the RREM, these values will not be repeated in this RRE. 
Mound stakeholders were provided with an opportunity to critically evaluate the 
background values when the public review draft of the RREM was issued. A 
citation referring the reader to Appendix A of the RREM will be added to the 
Parcel 4 RRE. 

Comment 3: 

The updated RBGV calculations were very helpful. This presents a systemic 
problem for future risk assessments because citation of prior outdated risk 
guidance documents is not appropriate. Please create a RBGV document for 
the public that is current for the two worker scenarios and can be cited in future 
risk assessments. 

Response: 

Thank you for the positive feed back. We are aware of the challenge of 
maintaining up-to-date values for the site. There are a few options in discussion 
- one is the approach you have suggested. 

Comment 4: 

SOIL: Table 5.19, total residual risk for parcel 4, summary table, (no page 
number) of the Residual Risk Evaluation Parcel 4 document. This sums it up! 
Technically, combining the cancer calculations for chemicals and radionuclides 
makes no sense. Combining rads and chemicals make sense only if the 
mechanism of action of the chemical is thought to be genotoxic by production 
of hydroxy radicals or direct alkylation of DNA. However, given the lumping of 
these data, the theoretical excess cancer risks are 1.0 in 10,000 from exposure 
to contaminated soil for the site employee and 3.3 in 100,000 for construction 
worker for parcel 4. Future use of water as a drinking source presents 



unacceptable risks. However, there are drinking water standards in place 
(ARARs) to set acceptable standards, both on site and off site. This is not true 
for soil. The calculations in this document will be used to determine the 
acceptability of the soil in parcel 4. 

Is the USEPA and OEPA using total residual risk or incremental risk (total 
residual risk- background risk)? The reality is that parcel 4 imposes excess 
theoretical cancer risks above background and is borderline in terms of 
acceptability as it stands. If only total residual risk is required, then remove the 
incremental risk calculations. These calculations do not add information to the 
document. If incremental risk is used to establish soil safety criteria, then a 

.. - - 
-- public review of the adequacy of the background levels is needed. 1-do not - 

believe that the public critically evaluated these data. The set point of 1 e-4 to 
I e-6 for excess cancer risks is misinterpreted or ill defined in the document. 
The site is the entire Mound faculty (and the off-site locations which is another 
issue). 

If the theoretical cancer risks for soil at parcel 4 are at 6.5e-5 for incremental 
risk or .I . I  e-4 for total residual risk, then what is the probability that the entire 
Mound facility will meet the criterion of l e d  to I e-6, given that this is the 
'cleanest' portion of the site? A near zero probability is probably the answer. 
Antimony in water and low level radionuclides in soil are driving the health 
concerns. Can 'hot spot' removal of soil help in reducing the calculated health 
risks for soil at parcel 4 and can treatment of water for the site be considered? 
Is the current thinking to write-off the water supply and not deal with it as 
eluded to in the institutional controls? 

Response: 

The commentor makes a good point, technically the summation of cancer 
calculations for chemical and radionuclides is conservative. Cancer slope 
factors are defined differently for radionuclide and non-radionuclides. The 
document Radiation Risk Assessment at CERCLA Sites: Q&A 
(EPA540/R199/006, December, 1999) states: 

"Excesscancer risk from both radionuclides and chemical carcinogens should . 
be summed to'provide an estimate of the combined risk presented by all 
carcinogenic contaminants as specified in OSWER directive 9200.4-1 8 (1 997). 
An exception would be cases in which a person reasonably can not be 
exposed to both chemical and radiological carcinogens.. . 

In the absence of additional information, it is reasonable to assume that excess 
. cancer risks are additive for purposes of evaluating the total incremental cancer 

risk associated with a contaminated site." 

These risks were summed to allow risk management decisions to be made on . 

cumulative effects that might be missed if the risks were evaluated individually. 
The presentation of total, background, and incremental risk follows the RREM. 



Risk management decisions focus on site related risks which are represented 
in the incremental sections. Carcinogenic risk results were compared to the 
acceptable risk range of 1 o4 to 1 o6 (increase in cancer risk of one human in 
ten thousand to one human in one million) as specified by the National 
Contingency Plan. 

Comment 5: 

Provide a list of authors and their affiliations on the I* page of the documents. 

Response: 

The number of contributors to these reports is large; the number of 
organizations participating in the development of these documents is large. 
Because of this and the fact that the documents represent the positions of US 
EPA, DOE, and OEPA concerning the site, we have chosen not to provide a 
list of authors and affiliations. 



The Mound Core Team 
P.O. Box 66 
Miamisburg, Ohio 45343-0066 

Mr. Peter Townsend 
Hydro-Log 
PO Box 555 
Yellow Springs, Ohio 45387 

Dear Mr. Townsend: 

The Core Team, consisting of the U.S. Department of Energy Miamisburg Environmental 
Management Project (DOE-MEMP), U.S. Environmental Protection Agency (USEPA), 
and the Ohio Environmental Protection Agency (OEPA), appreciates your comments on 
the Proposed Plan for Parcel 4. Attached are our responses. 

Should the responses to comments require additional detail, please contact Rob 
Rothman at (937) 865-3823 and we will gladly arrange a meeting or telephone 
conference. 

Sincerely, 

// w, 
~ d b e r t  b. Rothman, Remedial Project Manager 

\ / L,- .- - 

Timothy ~Ysched ,  ~@ebia l  Project Manager 

OEPA 
Brian K. Nickel, Project Manager 



Comments Received on the 
Parcel 4 Proposed Plan and Risk Evaluations 

from 
Peter Townsend 

January 2001 

The Proposed Plan for Parcel 4 contains three areas of concern. These are: 1) 
groundwater protection and groundwater monitoring in the Buried Valley Aquifer 
(BVA) downflow from Parcel 4 is not considered, 2) the source of groundwater - - - 
contaminants is not considered, and 3) the source of groundwater contaminants 
is most likely airborne fallout from Mound Lab emissions. This study implies that 
other off-site areas, particularly to the east, west, and north of Mound Labs would 
have considerable heavy metal and radionuclide fallout, and should receive 
similar groundwater investigations. 

Concerns: 

1) The Proposed Plan for Parcel 4 protects future groundwater use within 
Parcel 4 through deed restrictions, which will prevent future Parcel 4 
landowners from installing wells. The groundwater flow regime for Parcel 
4 is shown on a map on page 8 in Appendix B of the Residual Risk 
Evaluation, Parcel 4. The groundwater flow map is presented on page 2 
of these comments. This map shows that the groundwater flow from 
Parcel 4 descends from the east and northern boundaries, and enters the 
Buried Valley Aquifer (BVA). In the BVA are the groundwater supply wells 
for the Mound Laboratory, also downflow from Parcel 4. The Hazard 
Index (HI) for groundwater within Parcel 4 is above I, and has resulted in 
the decision to impose deed restrictions, eliminating future land owners 
from installing wells on their property. There should be a discussion in the 
Proposed Plan for Parcel 4 about the impact of the groundwater flow from 
parcel 4 into the BVA, and the possible impact on the Mound Water 
Supply Wells. Also, there should be provisions for monitoring 
groundwater descending from Parcel 4 into the BVA, to look for possible 
migration of contaminated groundwater from Parcel 4 into the BVA and 
the Mound Water Supply Wells. 

Response: 

There may be some misinterpretation of the Parcel 4 RRE results. The 
groundwater data are not solely from Parcel 4. Groundwater quality data 
from wells across the site; i.e, located on and near (including the Mound 
Plant process areas) Parcel 4 were used to calculate the current and 
future potential impact of measured chemicals of concern (COCs) at the 
closest existing groundwater receptor, the Mound water supply wells (see 



Appendix 6 of the RRE). As discussed in the Parcel 4 RRE, the calculated 
unacceptable HI for the current groundwater scenario is driven largely by 
the result of a few suspect antimony concentrations measured nearly a 
decade ago in the production wells. The future groundwater scenario is 
driven largely by total chromium, assumed to be hexavalent chromium. 
There is no indication that groundwater COC concentrations beneath 
Parcel 4 have significantly contributed to the elevated HI. 

There is an additional source of uncertainty surrounding the groundwater 
measurements used in the RRE. The sampling method itself is believed to 
produce turbid samples which would yield results for measurements of 
metals that are not representative of the groundwater. Such results would 
be biased high. (1999 Comparative Well Study, unpublished) The new 
micro purge, low flow sampling is being implemented for the groundwater 
sampling network. The micro purge, low flow sampling will provide more 
consistency and reduce the uncertainty. We will share the results of this 
effort as they become available. 

Also, Mound's environmental surveillance program will continue after 
Parcel 4 is transferred. The on-site groundwater monitoring program will 
continue. The Operable Unit One groundwater treatment and its 
monitoring will continue. The production wells will be monitored for Safe. 
Drinking Water Act compliance until the site transitions to city water. In 
addition, monitoring as a part of Post Closure Stewardship will be 
developed in detail prior to the final parcel transfer. 





2) Parcel 4 was a farm purchased by Mound Laboratories in 1981. The public has 
been informed that Parcel 4 was never used by Mound Labs to store or handle 
any chemicals, wastes, or metals. However, groundwater tests reported in the 
Residual Risk Evaluation, Parcel 4 document show that a large number of heavy 
metals and radionuclides occur in the groundwater at Parcel 4. Metals found in 
groundwater at Parcel 4 are shown on the attached page. This page is Table 2.9 
from the Residual Risk Evaluation, Parcel 4. I 

- - - - - - - - - - 
Table 2.9 shows a number of metals present, in many samples, that would not . - - - - - - - - - - -- - 
normally occur-in-such-high-amounts-. -Forexample;-chromium-was-detected-~n 
78 of 120 tests at concentrations up to 7,400 times higher than expected 
background concentration; copper was detected in 81 of 11 7 tests at 
concentrations up to 430 times higher than expected background concentration; 
and nickel was detected in 82 of 120 tests at concentrations up to 330 times 
higher than expected background concentration. Table 2.8 in the Residual Risk 
Evaluation, Parcel 4 document, page 5, shows radionuclides present in a number 
of samples at levels several times higher than expected background values. 

An interesting and important question is where did these metals and 
radionuclides come from? How did they get in the groundwater at this site? 
These are not materials that would come from farming or other land use from 
before Mound purchased the property. If Mound never used th-is property, then 
how did these contaminants arrive? Most of this property is not downhill from 
Mound, so these materials could not have washed off the Mound. The only 
reasonable mode of arrival is from airborne fallout. 

Figure I of these comments, shown on page 6, is a contour map of average 
annual air concentration of puns for 1997. Figure 1 is contoured in increments of 
1 x 1 0-l8 uCi1mL from 1 to 10, and above 10, contours are omitted and raw data 
values are presented because air concentrations at Mound are so high that 
contours near the lab would be too close together. 

Figure 1 shows that puB8 air concentrations drop off rapidly away from the 
Mound Laboratory, but note on Figure 1 that Parcel 4, located in the southern 113 
of the Mound Property, receives considerable puns fallout as indicated by this 
contour map. Note also that the puZ8 contaminant plume extends beyond the 
Mound Plant in all directions, but most notably to the north and west, into areas 
of Miamisburg that adjoin Mound facility. Figure 1 strongly shows off-site 
airborne emissions of puns. 

Figure 2 shows the number of air monitoring stations in place from 1992 to 1998. 
Table 1 lists air monitoring station numbers and gives data values for 1996 and 
1997 puns levels at each station. 









Figure 3 of these comments is a contour map of average annual air 
concentration of P U ~  for 1996. Figure 3 is contoured in increments of 1 x 1 0-l8 
uCi/mL from 1 to 10, and above 10 contours are omitted and raw data values are 
presented, because air concentrations at Mound are so high that contours near 
the lab are too close together. Figure 3 shows that air -dispersion of the heavy 
metal and radionuclide P U ~  extends into Miamisburg, as was also shown in 
Figure 1. 

238 
- - -- - Eigures-I .and 3 both-show-that-the heavy metal Pu - -was dispersed through the 

air, off-site from Mound Lab into the surrounding area. Miamisburg, especially 
north, east, and to a lesser extent west of Mound, received airborne fallout of 
heavy metals and radionuclides from Mound. 

Mound Lab emitted relatively little puB8 in 1997 compared to earlier years. The 
year 1997 was chosen for this illustration not because of the high P U ~ ~ ~  airborne 
emissions, but because by 1997 Mound Lab had a relatively thorou h air 
monitoring system in place. Figure 4 shows a graph of annual PuB'air 
emissions from Mound Lab for 1960 - 1998. Table 2 gives data that were 
graphed to construct Figure 4. Note that puns emissions for most years are not 
even seen on this plot because most years emissions of P U ~ ~ ~  from Mound were 
relatively small compared to the huge emissions in 1960, and.relatively large 
emissions from 1965 to 1970. If we were to scale Figures 1 and 3 up to the 
higher emissions during the 1960's and assume that non-radioactive heavy 
metals were also emitted from Mound Labs, then we can easily account for the 
presence of both radionuclides and heavy metals in elevate concentrations in the 
groundwater of Parcel 4. 

Response: 

The assertion that the potential source of elevated metals in the groundwater 
associated with Parcel 4 is the result of air deposition is interesting. The 
concentrations of metals and radiorruclides listed in Table 2.9 are from 
groundwater monitoring across the Mound Plant (See Appendix B of the RRE). 
Most of the highest values are from the bedrock monitoring wells located north of 
Parcel 4, in the main process areas. If air deposition was the main source of 
elevated groundwater metals, a very significant overall increase in soil metals 
concentrations throughout the entire Mound site would have been detected. It 
has not. Also, an increasing trend in groundwater metals concentrations in all 
shallow monitoring wells should have emerged if the contamination was 
distributed by air and has migrated to the deeper monitoring wells. No such 
trends have been observed. 













3) It appears that the source of the elevated radionuclides and heavy metals in the 
groundwater at Parcel 4 is air emission from Mound Lab. Therefore, levels of 
heavy metals and radionuclides in the groundwater in Miamisburg adjacent to 
Mound Labs are probably elevated and of environmental concern. Groundwater 
studies similar to Parcel 4 should occur in Miamisburg. 

As discussed above, the results listed in Table 2.9 are from bedrock monitoring 
- - _ _ -  _-  -- _ __.- wellsfrom acrosathe entire_Mound_Plant._Man'wells-with-the-elevated levels of--- -- - -- ---- 

heavy metals are located in or just down gradient of the process areas north of 
Parcel 4 (see Appendix B of the RRE). Additional investigation is underway as 
discussed earlier. 

There is an offsite groundwater monitoring program at Mound. It's objectives are 
to assure local residents and communities that their drinking water has not been 
adversely impacted by plant activities and to provide an early warning of impacts 
due to continuing environmental restoration activities. This program consists of 
the collection and analysis of samples from production wells, private wells, 
regional drinking water supplies, and BVA monitoring wells. Samples are 
analyzed for radionuclides, inorganic substances, and VOCs. The details of the 
program and its results are available in the Annual Environmental Monitoring 
Report. In 1999, the average tritium concentrations ranged from 0.05nCilL to 
0.53 nCi/L (with the MCL = 20nCilL). Many results for other radionuclides were 
comparable to background levels; average concentrations were less than 2.9% 
of the respective dose standard. - 



The Mound Core Team 
P.O. Box 66 
Miamisburg, Ohio 45343-0066 

Rev. Dr. Velma M. Shearer 
124 Chestnut Street 
#210 
Englewood, Ohio 
45322 

Dear Rev. Dr. Shearer: 

The Core Team, consisting of the U.S. Department of Energy Miamisburg Environmental 
Management Project (DOE-MEMP), U.S. Environmental Protection Agency (USEPA), 
and the Ohio Environmental Protection Agency (OEPA), appreciates your comments on 
the Proposed Plan for Parcel 4. Attached are our responses. 

Should the responses to comments require additional detail, pleas9 contact Rob 
Rothman at (937) 865-3823 and we will gladly arrange a meeting or telephone 
conference. 

Sincerely, 

USEPA: 
edia~ Project Manager 

OEPA: 
Brian K. Nickel, Project Manager 



Comments Received on the 
Parcel 4 Proposed Plan and Risk Evaluations 

from 
Rev. Dr. Velma M. Shearer 

January 2001 

Concerns: 

1. The drainage from PRS 419, the drainage pipe along the western 
- -  . - _ boundary of the Mound Site-and which ends within Parcel 4, before -- -- 

draining by open concrete ditch across City Park property to-the Great 
Miami River. 

It has been stated that the effluent which drains through the pipeline is 
run-off from the overflow ponds to the north, and this is monitored at 
Outfall 002 daily for gross alpha (and tritium) and biweekly from 24 hour 
composite samples for Pu 238, Pu 2391240, U 2331234, U 238, Th 228, Th 
230, and Th 232. Will this effluent become the source of water for the 
future pond as shown within the drawings for future development of parcel 
4? Or, if the. effluent is routed permanently through the open concrete 
ditch to the Great Miami River, it should be monitored and released only to 
meet recreational standards rather than industrial standards. Add to the 
recreational standard a factor of 10 for children under 15 years of age, 
since children are much more susceptible to carcinogens than adults. 
This is not considered in the Proposed Plan, but is, in reality, located on 
the edge of Parcel 4. 

Response: 

The effluent from PRS 41 9 (Drainage Oufflow Reroute) does come from 
the site's drainage system. This system includes the Retention Basins, 
the Overflow Pond, Outfall 002, the drainage ditch that separates the two 
hills that comprise the site, and the Asphalt-lined Pond. The effluent at 
Outfall 002 is regulated by the site's National Pollutant Discharge 
Elimination System (NPDES) permit. Sampling for radionuclides is not 
required by the NPDES permit; however flow-proportional samples are 
collected from Outfall 002 and are analyzed for tritium and isotopes of 
plutonium, uranium, and thorium. Samples are collected daily during the 
work week. Three 24-hour samples are collected on Tuesdays, 
Wednesdays, and Thursdays. One 96-hour sample is collected each 
Monday. Samples are analyzed four times a week for tritium. Two-week 
composite samples are analyzed for isotopes of plutonium and uranium. 
The two-week composite samples are also analyzed for isotopes of 
thorium. The results of these measurements are reported in the Annual 
Site Environmental Monitoring Report. According to MMCIC1s current 



plans, this effluent will not be the source of water for the future pond 
planned for Parcel 4. 

The second part of your concern addresses the standards employed in 
monitoring this effluent (industrial vs. recreational). These are scenarios 
for calculating risk. Standards with different bases are applied to this 
effluent. The nonradioactive constituents in this effluent are monitored and 
regulated by the NPDES permit limits. The radioactive constituents are 
compared to Derived Concentration Guides (DCGs). These are the 
concentrations that would result in a50-year committed effective dose 
equivalent of 100 mrem. DCGs are listed in DOE Order 5400.5 and are 
based on recommendations in Publications 26 and 30 of the International 
Commission on Radiological Protection. The DCGs for water are based on 
the conservative assumption that the water is used as drinking water; 
clearly not the case for this effluent. The average radionuclide 
concentrations at Outfall 002 during 1999 were: 

2. The total and incremental carcinogenic and non-carcinogenic risks exceed 
the acceptable risk range for the future construction worker and the future 
site employee due to potential exposure groundwater. 

Though the estimates for future exposures are biased high, yet 
considerable PRS cleanup is yet to take place across the site, and must 
be included in the calculations. For example, a number of PRSs exist 
which can contribute potential exposure through the movement of the 
groundwater to the Buried Valley Aquifer: the Pu 238 and Th 
contaminated soils disposed at the disposal area known as Rader's Hill, 
the sampling locations 18, 19, J8 and J9 in the region of Building 21 and 
upgradient areas east of this site, and the Thorium 230 samples taken 
very near to the Parcel 4 north boundary and which exceeded the 3.0 
pCi1g industrial site limit. Though a barrier may delay some of the 
transport, we must keep in mind that Pu 238 can attach to colloids and 
move with the colloids in water, and that the Th 230 could be in a water 
soluble form and thus move with the groundwater flow. (See the following 

Average as a percent 
Of DOE DCG 
0.1 1 
1.21 
0.01 5 
0.1 
0.01 
0.009 
0.007 

Radionuclide 

H -3 
Pu-238 
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U-233,234 
Th-228 
Th-230 
Th-232 

Average Concentration 
MicroCurieImL 
2.14E-6 
4.82E-10 
4.45E-12 
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5.3E-11 . 

2.6E-11 
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published papers which give examples of radionuclide transport by natural 
organic matter from its original deposition to other areas.) 

a) A. B. Kersting, D.W. Efurd, D. L. Finnegan, D. J. Rokop, D. K. 
Smith and J. L. Thompson, "Migration of Plutonium in Ground 
Water at the Nevada Test Site", Nature, Vol. 397, 7 January 1999, 
58-59. 

b) John F. McCarthy, William E. Sanford, and Paige L. Stafford, 
. - -  .. - "Lanthanide Field Tracers Demonstrate Enhanced Transport of - .--- 

Transuranic Radionuclides by Natural organic ~atte?', 
Environmental Science & Technology, Vol. 32, No. 24, December 
15, 1998, A-F. 

c) Richard C. Marty, Deborah Bennett, and Philip Thullen, 
"Mechanisms of Plutonium Transport in a Shallow Aquifer in 
Mortandad Canyon, Los Alamos National Laboratory, New Mexico", 
Environmental Science and Technology, Vol. 31 , No. 7, 1 997, 
2020-2027. 

Since the existent potable water source wells on the Mound site are not to 
be used as a water resource for the newly established industries in Parcel 
4, and since the most likely source of potable water for Parcel 4 industrial 
use will be the Miamisburg City water wells which also draw from the 
same Buried Valley Aquifer, and since the Miamisburg wells are 
sufficiently close to the Parcel 4 perimeter, the question remains as to how 
long before these wells also will be of concern. The Miamisburg City 
water wells are already known to contain 300 pCi/L of tritium. 

C 

Response: 

The references listed point out that movement of radionuclides in the 
subsurface is possible by colloidal transport or through complexation with 
naturally occurring organic matter. Although this is a possible avenue of 
migration for elements with normally high affinities to soil (i.e. thorium & 
plutonium), it does not appear to be a predominant transport mechanism 
at Mound. For example, if thorium or plutonium were present in the 
groundwater and migrating in significant concentrations as colloids or 
organic complexes, samples from monitoring wells directly down-gradient 
of disposal sites containing these contaminants should consistently show 
measurable concentrations above background. Such trends have not 

.. appeared in over a decade of extensive groundwater monitoring. Although 
details of the groundwater monitoring program to be implemented as part 
of the Stewardship efforts at the Mound are yet to be established, correctly 
placed "sentinel" wells near disposal areas containing radionuclides will 
help confirm that these contaminants remain immobile. Parcel 4 contains 



no disposal areas, providing further assurance that colloidal transport or 
organic complexation of radionuclides is not a potential long-term liability 
at this site. 

The last paragraph of the comment expresses concern for the potential 
migration of contaminants from Parcel 4 to the current Miamisburg 
wellfield. In -1 995; the DOE completed a detailed numeric groundwater 
model of the Great Miami River Buried Valley Aquifer (Operable Unit 9, 
Determination of Potential Path ways from Source Areas Adjacent and 
Within the Buried Valley Aquifer via Ground Water Flow Modeling and 
Particle Tracking. Technical Memorandum, Final, September 1995). This 
model substantiated that the Miamisburg wellfield zone of capture is 
strongly influenced and limited by recharge from the Great Miami River. 
Due to this recharge, the position of the Miamisburg wellfield nearly a mile 
up-gradient of Parcel 4 and the groundwater capture zone created by the 
Mound production wells, the potential for adverse contaminant impact is 
remote. 

3. The cumulative Cancer Risks for all carcinogenic contaminants do not 
appear to include Cr(VI) (Hexavalent Chromium) and Sb (Antimony). 
Cr(VI) is a confirmed human carcinogen; Sb is a questionable carcinogen 
with experimental carcinogenic data. Both of these chemicals should be 
included the Cancer Risk calculations. The Cancer Risk totals, hopefully, 
includes both radiological and hazardous contaminants in the total 
calculations. 

Response: 

In general, we total risk for both radioactive and non-radioactive 
carcinogens. 

The Mound 2000 Residual Risk Evaluation Methodology (RREM) 
indicates that the process of evaluating residual risk starts with a list of 
constituents that includes every compound detected in a given media. 
These constituents are then screened using criteria established by the 
RREM to determine which constituents are carried through the RRE. 
Using the constituent screening methods put forth in the RREM, antimony 
was retained as a constituent of potential concern (COPC) for 
groundwater and soil greater than 2 feet below land surface (bls), but not 
for soil 0-2 feet bls. The level of antimony detected in soil 0-2 feet bls was 
lower than the screening guideline value. Therefore, antimony was not 
carried through the RRE calculations for this media. The non- 
carcinogenic effects of antimony in soil greater than 2 feet bls and 
groundwater were evaluated in the RRE. 



Antimony has not undergone a complete evaluation under US EPA's 
Integrated Risk Information System (IRIS) program for evidence of human 
carcinogenic potential. Therefore, the carcinogenic potential of antimony 
could not be evaluated. However, according to U.S. EPA , multimedia 
antimony exposures (exposures that occur outside the workplace) are 
essentially negligible by comparison to occupational exposures where 
discrete clinical health effects have been observed (Ambient Water Quality 
Criteria Document for Antimony. Prepared by the Office of Health and 
Environmental Assessment, Environmental Criteria and Assessment 
Office, Cincinnati, OH-for the Office of Air Quality Planning and Standards, - 

Washington, DC. EPA 44015-80-020).Thereforel incidental exposures to 
antimony are not likely to cause unacceptable levels of risk. 

Total chromium was evaluated in site media and was conservatively 
assumed to be present in the hexavalent state. Using the constituent 
screening methods specified by the RREM, Chromium VI was not retained 
as a COPC in current groundwater, soil 0-2 feet bls or soil greater than 2 
feet bls. In all three instances, chromium was detected at levels below the 
Chromium VI guideline values. Chromium VI was carried through the 
screening process for Future Groundwater in both the Construction 
Worker and Site Employee scenarios. For the ingestion pathway, IRIS 
does not provide a cancer slope factor for Chromium VI due. to lack of 
evidence. IRIS does provide an inhalation cancer slope factor for 
Chromium VI. Metals in general were removed from the inhalation 
pathway since they do not readily volatilize from water while showering. 
Hence, Chromium VI was removed from consideration as a carcinogen 
because the pathway (inhalation) to the receptors (Co,nstruction Worker, 
Site Employee) did not exist. A copy of the ATSDR factsheet for chromium 
is enclosed. 

4. Are emergency plans in place for an unforeseen overflow of the holding 
ponds in case of a heavy rainfall, especially if, for example, during a time 
when serious remediations are taking place, e.g., of PRS 66? How would 
such an overflow effect the 419 pipeline and its exit at the Parcel 4 
border? 

Response 

Contingency plans exist for managing the Overflow Pond in the case of a 
release and for stormwater managementlerosion control during 
remediation activities. In the event of a (suspected) release, a gate just 
upstream of the Retention Basins is closed; this diverts the drainage to the 
Overflow Pond. This pond has approximately four million gallon capacity 



and can hold approximately two weeks of the site's water effluent if there 
is no rain. If the Overflow Pond should exceed its capacity, the overflow 
travels to the west from the southern corner of the pond, crosses the road, 
and pools on the DOE property. The overflow from the pond would not 
enter the drainage reroute (PRS 41 9). 

Stormwater managementlerosion control measures for remediation 
projects are designed specifically for each project. Heavy rainfall on site 
during remediation activities has always been a prime concern. Note that 
during remediation of the canal, OEPA recommended additional controls 
for potential run on flows. These were constructed upgradient of the 
project. Additionally, the project was constructed and managed in a 
manner that considered rainfall and as a result there were no unplanned 
releases during the extensive remediation process. Recall that the reason 
for the cleanup of the canal was a storm eventwashing contamination off 
site, and the site was reminded of this to emphasize the importance of 
stormwater controls during remediation of the canal. OEPA was very 
pleased with the result. It is our intent to see that the proper controls are 
placed during all remediation activities, and in particular PRS 66. The site 
has already been talking about controls such as those to prevent run on 
into the disturbed soil areas, and using the excavation itself to contain any 
storm flows that come in contact with disturbed earth. Then the water can 
be removed under controlled conditions (tested, pumped for appropriate 
disposal, etc). This method has been used in some of the removals on 
this and other sites and works well. 

5. A cost of approximately $5000 annually is proposed for the maintenance 
of deed restrictions, Institutional Controls and maintenance for the total 
former Mound site. Who will be funding any needed monitoring of water, 
soils, and air on Parcel 4? Certainly an additional amount should be 
provided annually for a basic environmental monitoring program. 

Response: 

The $5,000 per year as referenced is the annual estimated cost for 
maintaining the Institutional Controls for Parcel 4 (i.e. deed restrictions) 
and performing the effectiveness reviews for US EPA and OEPA as 
described in the Proposed Plan. The selected remedy for Parcel 4 does 
not include monitoring of water, soils, or air on Parcel 4. However, as the 
Exit Project continues, DOE will continue its environmental surveillance 
program. This program and its results are described in the Annual Site 
Environmental Monitoring Report. Any monitoring of the.site after DOE 
completes its mission would be part of Post Closure Stewardship and may 
be included in the site-wide Proposed Plan and Record of Decision. As a 



member of the Post Closure Stewardship Committee, you know these 
discussions are just beginning. 

6. Where will a Data Base be established, and who will maintain all records? 
This could become part of the Stewardship Program, however, an 
additional dimension specific to Parcel 4 would need to be added. 

Response: 

If the contents of the Data Base are the results of monitoring discussed in - - ---- ---- --. - 
Comment 5, theStKwadshipPiogram-is the app~riatevehicleeto 

- -- - - - --- . - -- 

address the question. DOE will retain responsibility for and ownership of 
the information in the current data base (Mound Environmental 
lnformation Management System or MEIMS) and the Geographic 
lnformation System. 
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Executive Summary - 
Parcel 4 Human Health Residual Risk Evaluation 

Executive Summary 

This report was prepared-using the Mound 2000 Residual Risk Evaluation Methodology [(RREM) 

DOE 1997al to quantify the potential for cancer and other non-cancer health effects from long-term, low- 

level exposures to site-related contaminants in Parcel 4. A Residual Risk Evaluation (-) quantifies 
- - - -  - -- 

himan health risks associated with residual levels of cbntamination remaining within an area to ensure that 

future users of the land will not be exposed to contaminant levels that would pose unacceptable risks. In the 

future, Parcel 4 may be used for commercial or industrial land use. Total risk, background risk, and 

incremental risk were calculated for current and future exposure scenarios for a construction worker and a 

site employee working in Parcel 4. Potential exposure to contaminants originating outside Parcel 4 that may 

reach receptors in the parcel are termed potential cumulative exposures. Potential cumulative risk was 

calculated for current and future exposure to groundwater and air. 

To quantify future residual soil risk it was assumed that no degradation of the Constituents of 

Potential Concern (COPCs) would occur over time, therefore, current and future residual soil risks are the 

same. Current groundwater exposures were estimated using data collected from the Mound Plant production 

wells up through the year 2000, including approximately 17 years (1983-2000) worth of data. The Mound 

Plant production wells are finished in the Great Miami Buried Valley Aquifer (BVA). The concentration 

of contaminants in future groundwater were estimated using a model that assumes all contaminants currently 

detected in the bedrock aquifer of the Mound Plant property migrate to the BVA. 

The terms "Release Blocks" and "Parcel" are both used in this report to designate portions of the 

Mound property to be evaluated for transfer. To streamline the transfer process, the Mound property was 

initially divided into 19 "release blocks", which are contiguous tracts of property designated for release. 

RREs must be completed before the transfer of a release block can be accomplished. RRE reports have been 

completed for Release Blocks D and H. When the Maintenance & Operations (M&O) contract for Mound 

oversight changed hands in 1997, the release blocks were reconfigured into 10 "Parcels" to shorten the 

schedule for site transfer. 

COPCs in Parcel 4 soil for the construction worker scenario are identified in Table 2.2. Total, 

background, and incremental residual risk for the construction worker exposed to Parcel 4 soil is presented 

in Tables 5; 1, 5.2, and 5.3, respectively. Total, background, and incremental residual non-cancer risk for a . 

construction worker exposed to soil are all below the acceptable risk threshold of 1. Total residual cancer 

Residual Risk Evaluation Parcel 4 Page v of xii 
Final, February 2001 



Executive Summary - 

risk for a construction worker exposed to soil in Parcel 4 is 3.3~10-5, which falls.within the acceptable risk 

range of 10-4 to 10-6 (increase in cancer risk of one,human in ten thousand to one human in one million). 

Background residual cancer risk from soil for a construction worker in Parcel 4 was 6.9~10-6. Incremental 

residual cancer risk for the construction worker exposed to soil was 2.9~10-5. 
I 

COPCs in Parcel 4 surface soil for the site employee scenario are identified in Table 2.4. Total, 

background, and incremental residual risk for the site employee scenario exposed to Parcel 4 surface soil is 

presented in Tables 5.4,5.5, and 5.6, respectively. Total, background, and incremental residual non-cancer 

risk for a site employee exposed to surface soil are all well below the acceptable risk threshold of 1 for non- 

carcinogenic risk. Total and incremental residual cancer risk from surface soil for a site employee in Parcel 

4 is 1.0~10-4 and 6.4~10-5, respectively, which fall within the acceptable risk range of 10-4 to 10-6. 

Background residual risk from soil for a site employee in Parcel 4 was 4.4~10-5. 

Potential exposure to contaminants originating from outside Parcel 4 that may reach receptors in the 

parcel are termed potential cumulative exposures. Potential cumulative risk was calculated for current and 

future exposure to groundwater and air. The approach used to estimate potential cumulative risk for air is 

the same method as was used for Release Blocks D and H. Current groundwater risk was assessed using 

groundwater data available from the Mound Plant production wells. Potential cumulative risk from air and 

groundwater are reported in the Parcel 4 summary table at the end of this Executive Summary. 

Potential cumulative risk was assessed for both current and future exposure to groundwater. Current 

groundwater exposures were estimated using data collected from the Mound Plant production wells (well 

numbers 271 and 076) up through the year 2000 including approximately 17 years worth of data. The 

Mound Plant production wells are finished in the Great Miami Buried Valley Aquifer (BVA). The 

concentration of contaminants in future groundwater were estimated using a model that assumes all 

contaminants currently detected in the Bedrock Aquifer of the Mound Plant property migrate to the BVA. 

Contaminant concentrations detected in the Bedrock Aquifer were added to the current contaminant 

concentrations detected in the Mound Plant production wells to estimate potential future exposures. 

Information on the derivation of future contaminant concentrations in groundwater is presented in Appendix 

B. 

For the construction worker scenario antimony, cadmium, copper, and thorium-230 were 

identified as COPCs in current groundwater (Table 2.6). Total, background, and incremental 

residual risk for a construction worker-exposed to current groundwater are presented in Table 5.7, 

5.8, and 5.9, respectively. Total residual cancer risk from current groundwater for the construction worker 

scenario is 2.1~10-6, due entirely to thorium-230. This risk level falls within the acceptable risk range of 
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10-4 to 10-6. Background risk for a construction worker could not be quantified. Therefore, incremental 

residual cancer risk from current groundwater for a construction worker was 2. l x  10-6, which falls within 

the acceptable risk range for carcinogens. Total residual non-cancer risk from current groundwater for a 

construction worker is 1.3, which exceeds the acceptable risk threshold of 1 for non-carcinogenic risk. The 

largest contributor to this risk is antimony. Background residual non-cancer risk from current groundwater 

for a construction worker is 0.017. Incremental non-cancer risk for this receptor is 1.3 which, again, is 

largely due to antimony. The maximum concentration of antimony detected in the production wells was used 
- - 

-- to describe current -groundwater-to ensure that the - actual risk- from groundwater ingestion is not -- -- 

underestimated. However, these results were collected on May 6th 199 1 using an uncertain analytical 

procedure. Uncertainty surrounding the concentration of antimony used in the current groundwater 

calculations is discussed further below. 

For the s i ~ e  employee scenario alitimony, cadmium, copper, actinium-227, plutonium-2391240, 

thorium-228, thorium-230, and uranium-234 were identified as COPCs in current groundwater (Table 2.8). 

Total, background, and incremental residual risk for a site employee exposed to current groundwater are 

presented in   able 5.10, 5.1 1, and 5.12, respectively. 

Total residual cancer risk from current groundwater for a site employee is 2.1~10-5. Background 

and incremental residual cancer risk from current groundwater for a site employee is 3.3~10-6 and 1.8~10-5, 

respectively. All three of these risk levels fall within the acceptable risk range of 10-4 to 10-6. Total 

residual non-cancer risk from current groundwater for a site employee is 1.1, which exceeds the acceptable 

risk threshold of 1 for non-carcinogenic risk. The largest contributor to this risk is antimony. Background 

residual non-cancer risk from current groundwater for a site employee is 0.014. Incremental residual non- 

cancer risk from current groundwater for a site employee is 1.1 which, again, is largely due to antimony. 

The maximum concentration of antimony detected in the production wells was used to describe current 

groundwater to ensure that the actual risk from groundwater ingestion is not underestimated. However, these 

results were collected on May 6th 1991 using an uncertain analytical procedure. Uncertainty surrounding 

the concentration of antimony used in the current groundwater calculations is discussed further below. 

Final COPCs for future groundwater for the construction worker are identified in Table 2.10. Total, 

background, and incremental risks for the construction worker are presented in Tables 5.13, 5.14, and 5.15, 

respectively. Total residual non-carcinogenic risk from future groundwater for the construction worker is 

5.5. Background non-carcinogenic risk from future groundwater for the construction worker scenario is 0.23 

and increment residual non-carcinogenic risk from future groundwater is 5.4. The total and incremental non- 

- cancer risk for the construction worker exceeds the acceptable Hazard Index (HI) of 1. Future total and 

incremental carcinogenic residual risk from groundwater for the construction worker scenario is 3.0~10-4 

- 
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and 2.9~10-4, respectively, which exceed the acceptable risk range for carcinogens: Background residual 

carcinogenic risk from future groundwater for the construction worker scenario is 8.8~10-6, which falls 

within the acceptable risk range. 

Final COPCs for future groundwater for the site employee are identified in Table 2.12. Total, 
. . 

background, and incremental risks for the construction worker are presented in Tables 5.16, 5.17, and 5.18, 

respectively. Future total and incremental non-carcinogenic residual risk from groundwater for the site 

employee scenario were 5.1 and 4.9, respectively. Both of these values exceed ;he acceptable HI of 1. 

Future background non-carcinogenic risk in groundwater for the site employee is 1.2, which exceeds the 

acceptable Hazard Index of 1. Future total and incremental carcinogenic residual risk from groundwater for 

the site employee scenario was 5.9~10-5 and 5.4~10-5, respectively. Total and incremental carcinogenic risk 

associated with exposure to groundwater falls within the acceptable risk range of 10-4 to 10-6 for the site 

employee scenario. Background carcinogenic risk from groundwater for the site employee scenario was 

5.5~10-6, which also falls within the acceptaye risk range of 10-4 to 10-6. 

Airborne contaminant concentrations were measured at the Mound Facility in 1994 while various 

site restoration activities (DOE, 1994) were ongoing. This method assumes both current and future exposure 

to air. Both radiological and non-radiological data were collected. Since several soil-disturbing activities 

were going on during data collection, it is assumed that the measured air concentrations represent an upper- 

bound air concentration. Information on the derivation of these values is presented in Appendix D of the 

Release Block D RRE, December 1996 and a summary of the findings are presented in Appendix A of this 

report. Incremental cumulative carcinogenic risk due to exposure to contaminants in air was 2.0~10-7, for 

the construction worker, and 9.8~10-7 for the site employee. In both scenarios, the result is less than the 
.. . . 

acceptable risk range. None of the COPCs identified in air have non-carcinogenic risk criteria so a HI was 

not calculated for exposure to contaminants in air. 

Overall total, background, and incremental carcinogenic and non-carcinogenic risks are presented 

in the following table. The risk values in the tables are broken out by media (i.e., groundwater, air, and soil) 

and are the sum of risks for all pathways for the construction worker and site employee scenarios. Overall 

carcinogenic and non-carcinogenic risks associated with exposure to soil and air fall within the acceptable 

risk range of 10-4 to 10-6 and an HI of less than one for both potential receptors. Total and incremental 

carcinogenic and non-carcinogenic risks exceed the acceptable risk range for the future construction worker 

and the future site employee due to potential exposure to groundwater. Incremental carcin0geni.c risk is 

within the acceptable risk range for the current construction worker and current site employee. Total 

carcinogenic risk is within the acceptable risk range for the current construction worker but exceeds the 

acceptable risk range for the current site employee. Total and incremental non-carcinogenic risks for the 
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current and future construction worker, and current and future site employee exceed an HI of one due to • potential exposure to groundwater. The cumulative incremental non-carcinogenic risk exceeds the standard 

(HI= one) for the four scenarios listed in the Overall Summary of Risks Table (presented below). The 

cumulative incremental excess lifetime cancer risk exceeds the acceptable risk range (10-4 to 10-6) for the 

future Construction Worker Scenario ( 3 . 2 ~ 1 0 - ~ )  and for the future Site Employee Scenario (1.2~10-4). - 

Where overall risk exceeds acceptable levels, these risks are driven by exposure to groundwater. These 

exceedences result from the conservative nature of the groundwater analysis. The groundwater model does 
- - . - - -- - -- - - - - 

not take into account natural physical and chemical processes such as dilution, dis@rsion, adsorption, and 

soil properties that may reduce contaminant levels by the time it reaches the BVA. As a result, the future 

groundwater exposure point concentration is biased high and conservative. Specifically, using the maximum 

detected value (a single measurement) from a data set that spans approximately seventeen years as the 

concentration representing a contaminant of potential concern, and assuming contaminants are present only 

in their most toxic form, overestimate the risk. Details are provided in Section 6, Uncertainties. Given the 

conservative nature of the RRE and the associated uncertainties, the risks presented in this table represent 

the upper-bound plausible limit of risks (worst case scenario). Based on the protective measures presented 

in' the Proposed Plan for Parcel 4 and the conservative nature of the RRE, the future groundwater risks 

a presented will be managed to be protective of human and environmental health. 

To estimate future risk in the BVA, the Exposure Point Concentration (EPC) in the production wells 

was added to the flow tube modeled maximum detected concentration found in the bedrock wells. The flow 

tube model includes an assumption that the maximum concentration of a constituent detected in each of the 

twenty bedrock flow tubes impacts the BVA in the future. Natural physical and chemical processes such 

as dilution, dispersion, adsorption, and soil properties are ignored when establishing future estimated 

concentrations by this method. The model does not take into account chemical and physical process such 

as dilution, dispersion, and adsorption, which may reduce contaminant levels by the time it reaches the BVA. 

As a result of this methodology, the future EPC concentration is biased high and conservative. This added 

conservatism helps to compensate for the uncertainties in'the characterization of the bedrock aquifer. 

Data for the RRE was collected over a 17-year period and analytical detection limits and methods 

have changed. This has resulted in current lower detection limits and presents uncertainty in the data by 

adding potential bias to the EPC for a constituent. For groundwater, the historical and current groundwater 

data were used to estimate the exposure point concentration. Uncertainty is introduced because the analytical 

results for constituents in the groundwater, collected over a 17-year time period, may not meet the Data 

Quality Objectives (DQOs) currently in place for data collection at Mound. Antimony is an example of this 

type of uncertainty. The long time frame also means that contaminants detected in the production wells and 

bedrock wells may have degraded. For example, 17 years is roughly equivalent to one half-life for tritium. 
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The concentration of tritium in groundwater is reduced by half every 12 years..--- 

Construction 
Worker 

Overall Summary of Risks 

Construction 

Scenario and 
Receptor 

Worker 

Overall Risk 
Types 

I 
Cumulative 1.5 

Total Non-Carcinogen Risk HI 

I I 
Cumulative 3 . 6 ~ 1  0-5 

Total Excess Lifetime Cancer Risk 

I 

Total 

Background 

Incremental 

6.9~10" 

Cumulative 

2 .9~10 '~  

Employee 

Background 

Incremental 

Employee 

0.027 

Cumulative 3 . 2 ~  1 0-5 

NA 

6 . 9 ~  10" 

2.1~10" 

0.19 

6.9~10" 

L bls = 

7 . 7 ~  1 0-9 

2.0xl0-~ 

3 . 3 ~ 1 0 - ~  

0.27 

0.16 

I I I 
Cumulative 1.1 1 Cumulative 1 . 3 ~  1 O4 

0.017 

Cumulative 5.7 

5.5 

Cumulative 1 . 6 ~  1 05 

8 . 8 ~ 1 0 - ~  

NA 

NA 

Cumulative 3 . 3 ~  lo4 

3 .Ox 1 04 

Cumulative 0.25 

0.23 7 . 7 ~  

5.4 

NA 

Cumulative 0.017 

2 . l x l0 -~  

NA 

Cumulative 5.5 

Background 

Cumulative 1.5 

0.16 

Cumulative 3 . 2 ~ 1  O4 

NA 

Incremental 

1.3 

Total 

2 . 9 ~ 1 0 ' ~  

0.00064 

Background 

Residual Risk Evaluation Parcel 4 Page x of xii 
Final, February 2001 

4 . 4 ~ 1 0 - ~  

0.000032 
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0.014 

6 . 4 ~ 1 0 - ~  

0.00067 

2.0~10' 

NA 
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lelow land surface 
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NA 
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Cumulative 5.1 

5.1 
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9 . 9 ~  1 0-7 

NA 

Cumulative 1 . 6 ~  1 O4 
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Cumulative 1.2 

1.2 

6 . 4 ~ 1 0 - ~  
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1.0x106 

NA 5.5~10" 

5 . 0 ~  1 0-5 

4.9 

4.9 

3 . 9 ~  1 0-8 

5 . 4 ~  1 0-5 

1 .2x104 

NA 9.9x10-' 



Executive Summary 

Antimony was not used in large-scale at the Mound Plant. The highest concentrations of antimony 

detected (38.2 pg/L and 40.2 p a )  were both collected on May 6th, 1991. Since both elevated results were 

collected on the same date, the possibility of sample contamination exists. May 6th 1991 precedes 

. -development of the Mound Quality Assurance Project Plan (DOE 1993a) by two years, so it is doubtful that 

the elevated antimony results meet the Mound DQOs. The Mound Environmental Information and 

Management System (MEIMS) database specifies the procedure used for antimony analysis as an "unknown 
- .__ ---_ _ _ _ _  _ __ - - -  -- - 

CLP method" and the results were lab qualified as "B". When applied to inorganic compounds, like 

antimony, the "B" lab qualifier means that the reported value is greater than the instrument detection limit 

but less than the contract required reporting limit. The next highest detection of antimony (14.4 pg/L) was 

detected in April 7th, 1994 and antimony has not been detected in the BVA since. In addition to the 

monitoring data reported in MEIMS, monitoring of the production wells is conducted in accordance with 

the Safe Drinking Water Act (SDWA). The SDWA data for production well groundwater shows antimony 

at the detection limit of 0.6 pg/L. Despite this, the maximum concentration of antimony detected in the 

p'roduction wells (40.2 pglL) was used to describe the current groundwater concentration. 

, Given the age, elevated detection limits, and uncertain analytical procedure used for the May 6th 

1991 analyses, plus results of subsequent analysis that shows antimony at much lower levels, it seems highly 

unlikely that the concentration used to describe the current concentration of antimony in groundwater is 

aicurate. The maximum concentration of antimony detected in the production wells was used to describe 

current groundwater to ensure that the actual risk from groundwater ingestion is not underestimated. 

However, this approach may result in an overestimation of actual current risk. Elimination of the 

questionable May 6th antimony results would lower the estimated current total risk from an HI of 1.3 for the 

construction worker down to an HI of 0.6 which is well below the acceptable risk threshold. 

To estimate future maximum constituent concentrations in the BVA, the lower of the 95% UCL or 

maximum detected concentration in the production wells was added to the flow tube modeled maximum 

detected concentration found in the bedrock wells. The flow tube model includes an assumption that the 

maximum concentration of a constituent detected in each of the twenty bedrock flow tubes impacts the BVA 

in the future. Natural physical and chemical processes such as dilution, dispersion, adsorption, and soil 

properties are ignored when establishing future estimated concentrations by this method. It is possible that 

the soil and the bedrock layer would inhibit most of the groundwater sampled in the bedrock wells to ever 

migrate into the BVA. As a result of this methodology, the future EPC concentration is biased high and the 

future groundwater concentrations are overstated. . . - - -. - - .- - -. -. - - . - . 

Furthermore, the Parcel 4 RRE assumed that future site users would utilize the production wells for 

- 
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potable water supplies. The Miamisburg Mound Community Improvement Corporation (MMCIC), in the 

near future intends to tap future site-users into the municipal water supply system, therefore exposure to 

bedrock or BVA groundwater is unlikely. Using the production well and bedrock well data to estimate future 

risk is a conservative estimate of future risk. 
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1.0 INTRODUCTION 

The U.S. Department of Energy's (DOE) Mound Plant is located on a 306-acre parcel of land within 

the City of Miamisburg, Ohio, about 10 miles southwest of Dayton, Ohio. Figure 1.1 shows the vicinity of 

the Mound Plant. The plant is located approximately 2,000 feet east of the Great Miami River and partially 

overlies the Great Miami Buried Valley Aquifer (BVA). Since 1948, Mound has operated as a research, 

development, and production facility in support of DOE's weapons and energy programs. Mound's past 
- - - - - - - - - - -- - - - -  - - - - - - - - - - - . - - - - - - - - -  

weapons program mission included process development, production engineering, manufacturing, and 

surveillance of detonators, explosives, and nuclear components. Mound's current mission is to support 

DOE'S efforts in environmental management and to transition the site, in cooperation with the City of 

Miamisburg, from a cold-war weapons production facility to commercial or industrial use. 

Parcel 4, the subject of this report, consists of 95.2 acres located immediately south of Operable Unit 

(OU) 5, the Mound Plant Production Area. A map of the Parcel 4 is included as Figure 1.2. Prior to DOE's 

purchase of Parcel 4 in 1981, the land had been in use for agricultural purposes. Parcel 4 remains 

undeveloped with the exception of a construction gate, a road from Benner Road and gravel-surface parking 

area, a contractor storage area, and an above ground power line running approximately north-south through 

the center of the property. 

During past operations at the Mound facility, the release of hazardous waste has occurred. 

Subsequent facility investigations have identified over 400 potential release sites (PRSs). Since 

contamination at the Mound Plant occurs at discrete PRSs rather than being widespread across the site, a new 

decision-making process was formulated for Mound. The new process is known formally as the "removal 

site evaluation process" and informally as the "Mound 2000 process". The Mound 2000 process is consistent 

with the Federal Facilities Agreement (FFA) signed by DOE, the U. S. Environmental Protection Agency 

(EPA), and the Ohio Environmental Protection Agency (Ohio EPA), in accordance with the Comprehensive 

Environmental Response, Compensation, and Liabilities Act (CERCLA) as defined in the National 

Contingency Plan [(NCP) EPA 19891. 

This report was developed using the Mound 2000 Residual Risk Evaluation Methodology (RREM) 

(DOE 1997a) to quantify the potential for cancer and other non-cancer health effects from long-term, low- 

level exposures to site-related contaminants in Parcel 4. A Residual Risk Evaluation (RRE) assesses human 
- 

health risks associated with residual levels of contamination remaining within an area to ensure that future 
, 

users of the land will not be exposed to contaminant levels that would pose unacceptable risks. The RRE 
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results will be used, together with Applicable or Relevant and Appropriate Requirements (ARARs), to 

determine the need for additional site remediation or to demonstrate that Parcel 4 is ready for public use. 

1.1 Purpose of Residual Risk Evaluation 

The objective of the Parcel 4 RRE is to assess risks associated with residual levels of contamination 

that exist after completion of the removal action. Although the RRE method was developed specifically for 

use at Mound, the method is consistent with the CERCLA baseline risk assessment method to ensure that 

future users of the land will not be exposed to contaminant levels that would pose unacceptable risks. 

1.2 Scope of the Parcel 4 RRE 

The RRE for Parcel 4 includes an evaluation of human health risk for potential residual 

contamination in the area. A remedial investigation of Parcel 4, also known as the Mound Plant New 

Property, was completed in February 1996. The results of this investigation were presented in the Operable 

Unit 5 New Property Remedial Investigation Report (DOE 1996). Since commerciaVindustrial use of Parcel 

4 is anticipated, receptor scenarios were selected to represent reasonable maximum exposure (RME) 

conditions for a commercial/industriaI setting. Residual contaminants in Parcel 4 were evaluated for two 

potential receptor groups: construction workers, who may be exposed to surface and subsurface soil, 

groundwater, and air for up to five years and site employees, such as office workers, who may be exposed 

to surface soil, groundwater, and air for up to 25 years. The construction worker and site employee were 

assumed to utilize groundwater from the Mound Plant production wells (wells 271 and 076) for their potable 

water supply while at work. Exposure assumptions for the construction worker and site employee scenarios 

are site-specific .adaptations of the standard scenarios presented in EPA's Risk Assessment Guidance for 

Superfund (RAGS), Part A (EPA 1989). These assumptions are documented in Table 1 in the Mound 2000 

RREM (DOE 1997a) and are based on a RME assumptions. RME exposure assumptions are conservative 

and are therefore, not likely to underestimate residual risk. 

The Parcel 4 residual risk evaluation included an assessment of total, background, and incremental 

risk. Total risk was calculated using the total concentration of identified constituents of potential concern 

(COPCs) detected in Parcel 4. Background risk was based on background levels of the COPCs and 

incremental risk was calculated using the difference between total and background levels. Incremental risk 

can be used to assess the increase in risk above background levels due to contaminant releases from past 

Mound Plant operations. 
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a 1.3 Organization of Report 

The RREM provides a framework for evaluating potential human health risks associated with 

residual levels of contamination. Although the RREM is similar to a traditional CERCLA baseline risk 

assessment, it serves a different purpose and, therefore, is not identical. 

. - -  - The RREM - - consists - -- of five elements, -- - including: . -  - - . -- - - - - - - . -- - -- - - - - 

- identification of the contaminants to be evaluated, 

- exposure assessment, 

- toxicity assessment, 

- risk characterization, and 

- evaluation of potential cumulative risks. 

-, The following sections describe each of these elements in more detail starting with Section 2.0, Data 

'Compilation and Evaluation, which describes the methods used to compile Parcel 4 data and identify 
;> 
"contaminants to be evaluated in the RRE. Section 3.0, Exposure Assessment, summarizes both the pathways 

through which hazardous substances may reach potential receptors and intake assumptions that will be used 

' '  to quantify exposure. In Section 4.0, Toxicity Assessment, exposure point concentrations, intake equations 

and toxicological reference values are presented. Information from the exposure assessment is combined 

'with information from the toxicity assessment to characterize human health risks in Section 5.0, Risk 

Characterization. Section 6.0, Uncertainty in the Risk Assessment, presents some of the sources of 

uncertainty inherent in risk assessments and in the RRE. Section 7.0, References, contains a list of all 

documents cited in this report. 

2.0 DATA COMPILATION AND EVALUATION 

Identification of contaminants to be carried through the RRE calculations is a multi-step process 

beginning with the identification of all contaminants detected in the area and then eliminating contaminants 

based upon a set of established screening criteria described in the RREM. 

All available sampling data were compiled for use in the Parcel 4 RRE. Newer data were used to 

supplement, rather than supercede older data, except when older data described materials that had - 

subsequently been removed from the area. In this case, the older data no longer represent site conditions and 

- 
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were, therefore, not used in the RRE. Sampling data obtained from the Mound Soil Screening Facility were 

used except in the case where a sample was split and analyzed by both the Mound Soil Screening Facility 

and a commercial analytical laboratory. In such cases, the value from the commercial analytical laboratory 

a 
was used to take advantage of the greater precision available from the commercial analytical laboratory. 

When a given sample was analyzed using both alpha and gamma spectroscopy methods, the more sensitive 

alpha spectroscopy results were used to characterize the sample. 

Parcel 4 Data Set Components: 

2.1 Data Quality Assessment 

Project Code 
34896 

S WSD 

RSS 

SCRDATA 

SGCSP 

04-2768 

34897 

MND33 

WDSOIL 

Groundwater 

Air 

Samples were collected and analyzed according to the methods outlined in the Operable Unit (OU) 

9 Quality Assurance Project Plan (QAPP) (DOE 1993a) and the OU5 QAPP (DOE 1993b). Since some of 
_:a - 

Residual Risk Evaluation Parcel 4 Page 4 of 38 
Final, February 2001 

Description 
New Property 

Surface Water and Sediment 

Radiological Site Survey - OU9 Site 
Scoping Report 

Mound Plant Screening Data 

Soil Gas Confirmation Sampling 

Regional Soils Investigation 

New Property Extended Phase 

Operable Unit 3 LFI 

WD Building Soil Characterization 

Parcel 415 Boundary Sampling 

BVA Mound Production Well 
Sampling 

Bedrock aquifer monitoring well 
sampling 
1994 Site Restoration activities 

Reference 
Operable Unit 5 Remedial Investigation Report, 
Final, Rev 0, February 1996 

Operable Unit 9 Surface Water and Sediment 
Investigation Report, Technical Memo, Rev 2, 
September 1996 

Operable Unit 9 Site Scoping report Volume 3; 
Radiological Site Survey, Final, June 1993 

Not published- Data are in MEIMS 

-Operable Unit 9 Further Assessment Soil Gas 
Confirmation Sampling, Final, Rev 0, May 1996 

OU 9 Regional Soils Investigation Report, 
Final, Rev 2, August 1995 

Operable Unit 5 Remedial Investigation Report, 
Final, Rev 0, February 1996 
Or 
Operable Unit 5 New Property Extended Phase 1 
Field Report, Final, Rev 0, July 1995 

Operable Unit 3 Miscellaneous Sites Limited 
Field Investigation Report, Final, Rev 0 July 
1993 

Not published- Data are in MEIMS 

Compiled from the MEIMS database and 
reported in Release Blocks H and D RRS 
reports. 

Mound Site Environmental Report for Calendar 
Year 1994, MLM-3814, (DOE 1994) 

Comment 

Ecotek 



the data used to characterize residual contaminant concentration in Parcel 4 were collected prior to 1993, not 

all data used in the risk assessment have undergone Quality AssurancelQuality Contml (QAIQC) evaluation 

and data validation in accordance with the requirements described in the OU9 QAPP (DOE 1993a). 

2.2 Environmental Media Considered and Data Availability 

Field investigations conducted for Parcel 4 are listed above. Samples were analyzed for volatile 

organic compounds (V-OCs), semi-volatile organic ~ompo~und_~(SV~OCs),.~organic~compounds,~common~~ - -. . - - - - - .. . -- - - - 

anions, pesticides, polychlorinated biphenyls, and radionuclides. Environmental media evaluated include 

surface soil (0-2 ft below land surface), subsurface soil (>2 feet below land surface), sediment, groundwater, 

and air. Parcel 4 does contain surface drainageways and some seeps that are present year round, but no 

persistent surface water bodies (i.e., ponds, streams). Since ditch sediments are typically dry, sediment 

samples collected in Parcel 4 were evaluated with the surface soil data. However, some seeps are present 

year-round on Parcel 4. Since RAGS states that risk from surface waterlseeps can be approximated by risk 
c:. 

from sediment, which is treated the same as soil, exposure to contaminants in seeps is accounted for within 

the direct soil exposure pathway. 
.; ' 

Current groundwater exposures were estimated using data collected from the Mound Plant 

production wells (wells 271 and 076), which are finished in the BVA. The concentration of constituents in 

future groundwater was estimated using a flow tube model that assumes all contaminants currently detected 

in the Bedrock Aquifer of the Mound Plant property migrate to the BVA. Future estimated modeled 
i t  contaminant concentrations in the Bedrock Aquifer were added to the current maximum contaminant 

concentrations detected in the Mound Plant production wells. This method is described in more detail in 

Appendix B. The approach used to estimate potential cumulative risk from exposure to air is the same 

method as was used for Release Block D (Appendix D of the December 1996 report). The air risk values 

were not recalculated but carried forward from Release Block D. Potential cumulative risks due to 

contaminants released to the air are discussed in more detail in Appendix A. 

2.3 Data Analysis 

For each constituent detected in Parcel 4 soils and current groundwater from the production wells, 

the 95% upper confidence limit of the mean (UCL) was calculated to estimate the concentration that 

receptors in the area may be exposed to. This is known as the Exposure Point Concentration or EPC. For 

future groundwater, modeled values were used as the EPC. The Flow Tube model used to predict future 
-- contaminantgroundwater concentrations is described in Appendix B. The-95% UCL wascalculated in 

accordance with the Mound 2000 RREM (DOE 1997a), Gilbert's Statistical Methods for Environmental 
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Pollution Monitoring (Gilbert 1987), and the Supplemental Guidance to RAGS: Calculating the 

Concentration Term (EPA, 1992a). Before calculating the 95% UCL, the distribution of the data set was 

determined. If data were found to be normally distributed, the EPC was calculated as the 95% UCL of the 

arithmetic mean of the data, using the Student's t-statistic (EPA 1992a). If the data were found to be log 

normally distributed, the EPC-was calculated as the 95% UCL using the H-statistic (EPA 1992a). The 95% 

UCL on the arithmetic mean for normal data sets were calculated as follows: 

95% UCL= Mean + t(s1n ") 

Where: 
UCL= upper confidence limit, 
t = t statistic (Table A2, Gilbert, 1987), 
s = standard deviation, and 
n = number of observation in the data set 

The 95% UCL equation of the arithmetic mean for log normal data sets was calculated as follows: 

95% UCL = e Mean + 0.5 s2 + H(s/(n-1) 112) 

Where: 
UCL = upper confidence limit, 
e = constant (base of the natural log, equal to 271 8) 
Mean=mean of the transformed data . 

s = standard deviation of the transformed'data 
H = H statistic (e.g., from table published in Gilbert 1987), 
n = number of observations in the data set 

If the 95% UCL exceeded the maximum value observed in the sampling results, the maximum value 

was used as the EPC for that constituent (whether the data were normally or log normally distributed). For 

both chemical and radiological constituents, "not detected" (ND, qualified as U or UJ) results were treated 

as one-half the limit of detection and included in the calculations of the mean and 95% UCL values. Samples 

reported as ND or zero with no detection limit were not utilized in calculating a 95% UCL. 

Blind field duplicates were collected to assess variability in the sampling process. Duplicate 

samples were used in the data quality assessment but were not included in the calculation of the exposure 

point concentrations. If a data set had less than twenty observations (n<20), the maximum detected 

concentration was used as the EPC. For radionuclides, zero or negative results with no detection limits were 

excluded from the data set. Data qualified as "J", or estimated values at concentrations less than the detection 

limit, were evaluated as half the detection limit. For "J" data, which was greater than the detection limit or 

reported without the sample detection limit, the value was used as reported Data flagged with an " R ,  

meaning rejected, were not used in calculating the EPC. 

. . 
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2.4 Data Screening Process 

All constituents that were detected one or more times were listed in constituent summary tables and 

sorted by media and depth where they were detected. Soil data were also sorted by depth. The constituent 

screening methods described below were then used to generate a final list of constituents of potential concern 

(COPCs). The constituent summary tables also provide maximum detected concentrations, the range of 

contaminant detection limits, the frequency of detection, and the decision and rationale to include or exclude 

- - - a constituent from further-consideration-in-the RRE. --The following section describes how COPCs were 

selected. 

To make the COPC selection process easier to understand, the COPC selection tables have been 

broken into two tables. The first table identifies initial COPCs by comparing the maximum concentration 

detected in a given media to background values and Mound Guideline Values (GVs) for the given receptor. 

The maximum concentration of a detected constituent was screened for frequency of detection. If it was 

detected in less than one out of 20 samples or a frequency of 5%, the constituent was not retained as a COPC. 

In this initial table, the constituents were also screened against corresponding background concentrations 

and GVs for the Mound. If the maximum concentration was less than either of these values, it was not 

carried through the RRE process. The second table identifies final COPCs by comparing the EPCs (minimum 

of either the 95% UCL or the maximum detected concentration) for the retained initial COPCs to background 

, values. Tables 2.1 and 2.2 identify the COPCs in soil for the construction worker scenario and Tables 2.3 

and 2.4 identify COPCs for the site employee scenario. Tables 2.5 and 2.6 identify the COPCs in current 

groundwater for the construction worker scenario and Table 2.7 and 2.8 identify COPCs in current 

groundwater for the site employee scenario. Tables 2.9 and 2.10 identify the COPCs in future groundwater 

for the construction worker scenario and Tables 2.1 1 and 2.12 identify the COPCs in future groundwater for 

the site employee scenario. 

2.4.1 Screening Constituents Based on Background 

Site-specific background concentrations described as the 95% Upper Tolerance Limit (UTL) of the 

background sample results for each constituent were calculated for Mound Plant soil and groundwater, and 

are presented in the Mound 2000 RREM (DOE 1997a). Constituents with a maximum detected 

concentration exceeding their level in background were identified as initial COPCs and carried to the next 

screening step of the RRE. Constituents with maximum concentrations less than their background 

concentration were not carried though the RRE. If- no background value was available for a particular 

constituent (e.g., many organic compounds), the constituent was carried through to the next screening step 

Residual Risk Evaluation Parcel 4 Page 7 of 38 
Final, February 2001 



of the RRE. These background concentrations were also used to quantify.background risk. 

For initial COPCs with a 95% UCL of the arithmetic mean less than the maximum detected value, 

the 95% UCL was compared to background to determine whether the 95% UCL was below background. I f  

- the 95% UCL-was .below the-.background value for the.constituent, the constituent was not identified as a . - . .- ~. . 

COPC in the RRE. Eliminating these constituents is consistent with the Mound 2000 RREM and focuses the 

RRE on constituents detected above background. 

2.4.2 Screening Constituents Based on Guideline Values 

Soil and groundwater constituents with maximum detected concentrations greater than background 

concentration were compared to risk-based GVs for the Mound Facility (DOE 1997~) .  GVs are media- 

specific concentrations of constituents that correspond to specific human health risk levels for specified 

exposure scenarios. GVs were developed for the construction worker and site employee scenarios (see DOE 

1997c for the detailed derivation of GVs). Construction worker and site employee GVs, were used to screen 

detected constituents as COPCs to be retained for the quantitative risk assessment for each of the identified 

receptors. 

The GVs used to screen COPCs were developed specifically for Mound, and were approved by the 

DOE, the U.S. EPA, and Ohio EPA. The GVs correspond to the 1.0~10-6 risk level for carcinogens and 

radionuclides, and to a Hazard Quotient (HQ) of one for each non-carcinogenic constituent. Some of the 

radionuclide GVs are designated as +D to indicate that cancer risk estimates and GVs include contributions 

from the radionuclide's short-lived decay products, or daughters. These calculations assumed equal activity 

concentrations (i.e. secular equilibrium) with the principal or parent nuclide in the environment. For Parcel 

4, GVs for radionuclides that include daughter decay products were used for actinium-227, neptunium-237, 

radium-228, strontium-90, thorium-228, thorium-230, thorium-232, uranium-235, and uranium-238. When 

GVs were unavailable, they were calculated using the Mound GV methodology (DOE 1997c) due to updated 

toxicity criteria or lack of a previously calculated GV. The calculations for these updated GVs are provided 

in Appendix C. 

A 1x10-6 risk level represents an incremental increase of one human in a million of developing 

cancer as a result of exposure to the GV concentration. A Hazard Quotient of one indicates that from an 

exposure at or below the given concentration, no adverse effects to humans are expected. Since the 

acceptable risk level for carcinogenic constituents specified in the NCP is a range of 1x10-4 to 1x10-6 (1 

human in 10,000 to 1 human in a million), screening COPCs against the whole GV is protective. The target 
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threshold for non-carcinogenic constituents is a Hazard Index (HI) of less than or equal to one. The GV 

values were calculated for a HI of one. To account for the possibility of more than one non-carcinogenic 

constituent, COPCs were screened using 1/10 the GV. Carcinogenic or radioactive constituents that exceed 

their GVs and non-carcinogenic constituents that exceed one-tenth of their GV were carried to the next step 

of the RRE. 

2.4.3 Screening Constituents Based on Frequency of Detection 
~ ~ ..-.- 

Constituents detected at concentrations above Mound background levels and above applicable GVs 

were next evaluated for their frequency of detection. Frequency of detection was evaluated as the number 

of detections divided by the total number of samples analyzed for a constituent. Infrequent detection was 

defined as five percent or less. This is equivalent to one detect in 20 samples. If there were an insufficient 

number of samples (e.g. less than 20) to determine whether the frequency of detection is five percent or less, 

the contaminant was not eliminated on the basis of frequency of detection. 

2.4:4 Screening Constituents Based on Essential Human Nutrients 

According to RAGS Part A (EPA 1989): "Chemicals that are (1) essential human nutrients, (2) 

present at low concentrations (i.e., only slightly elevated above naturally occurring levels), and (3) toxic only 

at $cry high doses (i.e., much higher than those that could be associated with contact at the site) need not be 

~o~sidered further in the quantitative risk assessment." Inorganic analytes meeting this description were not 

c&ed through the RRE. Calcium, chloride, iron, magnesium, potassium, and sodium are considered 

essential nutrients to humans. These compounds were detected in the Parcel 4 area at levels below or slightly 

elevated above background and are toxic only at very high doses. Concentrations of these compounds in on- 

site media would not be expected to result in intakes associated with a toxic response. Therefore, these 

compounds were eliminated as COPCs for the Parcel 4 area. 
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2.4.5 Additional Screening Procedures -.. 

In accordance with the RREM, additional screening procedures also were used to evaluate Parcel 

4 area constituents. For example, in accordance with EPA's Functional Guideline for Organics (EPA 1988) 

if a blank contains measurable levels of a common laboratory contaminant, then the associated sample results 

were considered as positive results only if the concentration in the samples exceeded ten times the 

concentration in the blank. If the concentration of a common laboratory contaminant was less than ten times 

the blank concentration, the constituent was considered to be an artifact of laboratory handling and was not 

included in the RRE. Common laboratory contaminants include acetone, 2-butanone, methylene chloride, 

toluene, and phthalate esters. 

2.4.6 Screening Procedures for Future Groundwater 

To estimate the future concentration of COPCs in groundwater, the flow tube model was applied to 

bedrock well data based on the maximum concentration detected. This procedure is discussed in detail in 

Appendix B. In accordance with the RREM, an initial screen was necessary to determine which constituents 

were to be carried through the flow tube model. All constituents detected in the bedrock wells were screened 

for frequency of detection as well as a comparison to the background and GV values. Those constituents 

that exceeded these criteria were retained for flow tube modeling. In addition, those constituents that were 

COPCs in the current groundwater RRE were retained for flow tube modeling. To obtain a final estimated 

future groundwater concentration for each COPC, the maximum concentrations detected in a given bedrock 

flow tube was modeled for future contribution to the BVA and added to the EPC (lower of the 95% UCL or 

the maximum concentration) detected in the production wells. The estimated future maximum constituent 

concentrations in the BVA are presented in Appendix B. 

3.0 EXPOSURE ASSESSMENT 

The goal of the RRE exposure assessment is to estimate the type and magnitude of contaminant 

exposures that may occur 'under current and future conditions with the area being used for 

industrial/commercia1 purposes. The information gathered in the exposure assessment is integrated with 

toxicity information to characterize potential risks associated with exposure to residual contamination in the 

Parcel 4 area. 
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Characterization of Exposure Setting 

Parcel 4 consists of 95.2 acres located immediately south of the Mound Plant Production Area. On 

August 26, 1981 the DOE purchased an additional 124 acres of land contiguous with and south of the 

original 182 acres at Mound Plant. The new property .was bounded by the Mound Plant to the north, private 

property to the east, Benner Road to the south, and the Miami Erie Canal to the west. The land had been in 

use for agricultural purposes. Following purchase of the property in 198 1, DOE razed a two-story brick 
- -- - - .- - - - -- ---  - -- 

house, a barn, a frame tool shed and an outhouse and disposed of some farm implements and discarded 

appliances left by the previous owner. A farm fence was put up around the perimeter of the new property. 

In 1999 the north property line of this area was shifted slightly to the south to exclude an area of known 

contamination south of an east-west road running along the southern boundary of the Mound Plant 

production area. The remaining 95.2 acres is now called Parcel 4. 

. * 
Parcel 4 remains undeveloped with the exception of a construction gate, a road from Benner Road 

I, and gravel-surface parking area, a contractor storage area, and an above ground power line running 

approximately north-south through the center of the property. Topographically, the land can be described 

as gently rolling in the southwest with steeply sloped bluffs in the northwest where Parcel 4 abuts to the 

Mound Plant production area. There are natural drainage channels within Parcel 4 and groundwater seeps 
'" that are present year round. An archaeological survey of Parcel 4 was conducted in 1987. Two sites of 
' archaeological interest were discovered, however, neither was regarded as being eligible for the National 
, , 

Register, and no further work was recommended at either location (Riordan 1987). 

PRS 306,3 14,406, and 4 19 are located in Parcel 4. PRS 306 is. a groundwater seep located along 

the eastside of Parcel 4 approximately mid-way between the northern and southern boundaries. PRS 3 14 

is an area that contained farm debris and was the location of potential oil releases from previous farm 

operations. PRS 406 is a tongue-shaped area of potential radiological contamination in the northern end of 

Parcel 4 and on the Mound Plant property. PRS 406 was investigated and a surface water interceptor ditch 

was installed in August and September 1995. PRS 419 is the new Mound Plant drainage re-route. The 

Operable Unit 5 New Property Remedial Investigation Report (RIR) (DOE 1996) concluded that no further 

assessment was needed for Parcel 4. 

3.2 Identifying Exposure Pathways 

Although many exposure pathways are possible, the focuses-on those pathways that are likely 

to occur and are likely to contribute significantly to the overall risk. When identifying exposure pathways 
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it is important to keep in mind the four elements of an exposure pathway. An exposure pathway consists of: 

(1) a source of chemical releases, (2) a transport media, (3) a point of potential human contact with the 

contaminant or contaminated media, and (4) an exposure route (e.g. ingestion). If any of these elements is 

missing or eliminated, the pathway will be incomplete and exposure will not occur. 

A pictorial representation of the exposure pathways identified for potential receptors is included in 

a conceptual site model for the Parcel 4 (Figure 3.1). The conceptual site model summarizes the pathways 

that hazardous substarices may take to reach potential receptors. Exposure assumptions used to evaluate 

potential exposure pathways were drawn from the Mound Plant Risk-Based Guideline Values (DOE 1997c) 

and the Mound 2000 RREM (DOE 1997a). Exposure assumptions used to quantify contaminant exposures 

are summarized in Table 3.1. 

3.3, Identifying Exposure Scenarios 

Residual contamination in Parcel 4 was evaluated for two potential use scenarios. Residual 

contamination in the Parcel 4 area was evaluated for adult construction workers and adult site employees. 

It was assumed that construction workers and site employees could potentially be exposed to soivsediment, 

groundwater, and air. The evaluation of risk associated with exposure to residual contamination in the Parcel 

4 area for these receptors will indicate whether economic redevelopment can be safely conducted in the area. 

3.3.1 Construction Worker Scenario 

Since it is reasonable to assume that construction activities could occur within the Parcel 4 area, 

adult construction workers were identified as potential receptors. During construction activities, these 

receptors could be exposed to residual contamination present in soil at or below the land surface. Potential 

exposure pathways include incidental soil ingestion, dermal contact, external radiation exposure, and 

inhalation of airborne dust and vapors. Although the possibility of dermal exposure to surface and 

subsurface soil does exist for a construction worker, quantification of risk from this route of exposure 

requires both a chemical-specific skin absorption value and dermal toxicity value. Of the COPCs identified 

for Parcel 4, chemical-specific skin absorption factors are currently available for only benzo(a)pyrene and 

other polycyclic aromatic hydrocarbons (PAHs). The use of dermal default absorption values for inorganic 

compounds is currently not recommended by EPA (EPA 1999b). For many chemicals, including most of 

the Parcel 4 COPCs, scientifically defensible data does not exist to derive a dermal toxicity value or for 

making an adjustment of on oral cancer slope factor (CSF) or reference dose (RfD) to estimate a dermal 

toxicity value (EPA 1999b). Without these critical input parameters, risk due to dermal exposure to soil 

a 
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cannot be quantified. However, EPA recommendations for the adjustment of toxicity factors for PAHs were 

used. The exclusion of inorganic compounds and radionuclides from this pathway is expected to have a 

minimal impact on the final risk-based calculations because human exposure to these compounds in soil is 

generally driven by other pathways of exposure, such as external exposure or incidental ingestion. 

It was also assumed that construction workers would use BVA groundwater for drinking water 

supply and for showering. Exposure pathways include ingestion and inhalation of vapors and dermal contact 

_ - - . with groundwater-while showering. Construction workers-were assumed to be on-the property 8 hours per - - - - 

day, 250 days per year over a 5-year period. Since construction workers are assumed to be adults, a body 

weight of 70-kilogram was used to assess exposure to chemical contaminants. 

Current and future exposure scenarios for the construction worker are identical except for 

groundwater. In order to estimate the future contaminant concentrations in groundwater, the modeled future 

estimated concentration of contaminants detected in the bedrock aquifer were added to current contaminant 

concentrations in the Mound Plant production wells. Exposure pathways evaluated for the construction 

worker for both current and future scenarios, include: 

. . 

., incidental ingestion of soil at or below land surface; 

a external exposure to ionizing radiation from radionuclides in soil at or below land surface; 

inhalation of airborne contaminated dust; 

inhalation of volatile emissions from soil; 

. ingestion of contaminated groundwater as drinking water; 

. inhalation of volatile contaminants from groundwater while showering at work; 

dermal contact with soil at or below land surface; and 

dermal contact with contaminated groundwater while showering at work. 

The parameters used to evaluate these pathways and their references are provided in Table 3.1. 

3.3.2 Site Employee Scenario 

Although exposures will vary depending on the type of work performed, it is reasonable to assume 

that a site employee at Parcel 4 will be exposed to residual contamination left on the property. The site 

employee scenario assumes that a worker will be employed in an office or commercial setting, with the 

majority of working hours spent indoors. Such occupations are not expected to involve direct work with 

surrounding soils, as would be expected with the construction worker. The exposure routes evaluated for the 

site employee are similar to those evaluated for the construction worker except the site employee is assumed 
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to work indoors and therefore have less exposure to site soil. Potential soil--exposure pathways include 

incidental soil ingestion, external radiation exposures, and inhalation of airborne dust and vapors. Site 

employees were assumed to use BVA groundwater for potable supply, but are not expected to shower at 

work. Site employees were assumed to be on the property 8 hours per day, 250 days per year over a 25-year 

period. Since site employees were assumed to be.adults,a body weight- of 70-kilogramwas used to assess 

exposure to chemical contaminants. The exposure pathways evaluated for the future site employee include: 

incidental ingestion of soil 0-2 feet below land surface; 

external exposure to ionizing radiation from radionuclides in soil 0-2 feet below land surface; 
. inhalation of airborne contaminated dust; 

inhalation of volatile emissions from soil; and 

ingestion of contaminated groundwater as drinking water; 

The parameters used to evaluate these pathways and their references are provided in Table 3.1. 

3.4 Exposure Point Concentrations 

Exposure point concentrations (EPC) are the concentrations of contaminants available to human receptors 

at the point of contact. The EPC for soil and current groundwater used in the RRE was calculated as the 95% 

UCL of the arithmetic mean of the data, using the Student's t-statistic. If the data were found to be 

lognormally distributed, the EPC estimate was calculated as the 95% UCL using the H-statistic (EPA 

1992a). 

Only surface soil data (0-2 feet below land surface) were used to calculate the EPC for the site 

employee. Site employees are assumed to spend most of their time indoors and have limited contact with 

surface soil. Construction workers were assumed to be exposed to both surface and subsurface soil. 

Therefore, the EPC for the construction worker was calculated using soil sample data collected at any depth. 

3.5 Human Intake Equations And Assumptions 

This section presents the exposure equations and assumptions used to derive contaminant-specific 

intake estimates for-the populations and exposure pathways evaluated in the risk assessment. The use of the 

intake equations presented in this section is in accordance with methods presented by EPA in Risk 

Assessment Guidance for Superfund (RAGS) Part A (EPA 1989) and the RREM presented in Mound 2000 

(DOE 1997a). Exposure assumptions have been developed to represent high-end RME conditions. Exposure 
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assumptions for each of the potential receptors, and corresponding guidance or rationale used in this 

assessment are presented in Table 3.1. 

For chemicals, exposure generally refers to the intake (e.g., inhalation, ingestion, dermal exposure) 

. of the chemical, expressed in units of mglkg-day. Toxicity values for chemicals are generally expressed in 

these terms; therefore, the product of the intake estimate with the toxicity value yields a risk value. There 

is a fundamental difference between exposures to chemical contaminants as compared to radionuclide 

- contaminants. Radionuclides can-have deleterious-effects on humans without being taken into-the-body. . -. _ - 

Radiation exposure can result from exposure to gamma and x-ray emitting radionuclides that are external 

to the receptor. 

The approach used to estimate intake for chemical contaminants largely applies to radionuclides. 

However, there are a few key differences in the methods. For example, in addition to the ingestion, 

inhalation, and direct contact pathways considered for chemical contaminants, external exposure to 

penetrating radiation was also evaluated for radionuclides. Equations for estimating the intake of 

radionuclides have been modified by omitting the body weight and averaging time from the denominator. 

The slope factors for radionuclides are expressed as the average risk per unit intake or exposure for an 

individual in a stationary population; therefore, radionuclide intakes and slope factors are not expressed as 

a function of body weight and time. 

Another key difference in the method used to assess radiological risk is the inclusion of short-lived 

decay products, or daughter products, for radionuclides designated with the suffix +D. The calculation of 

risk for radioactive decay chain products assumed equal activity concentrations (i.e. secular equilibrium) 

with the principal or parent nuclide in the environment. Risk calculations for decay chain products were 

assessed by summing the ingestion, inhalation, and external slope factors for the parent radionuclide and 

decay members of continuous decay chains (EPA 2000). 

Chemical intakes from oral and inhalation exposure are expressed as the amount of chemical at the 

exchange boundary (e.g., skin, lungs, intestine) that is available for absorption. These intakes are not 

equivalent to the absorbed dose (the amount of chemical actually absorbed into the blood stream). Dermal 

doses are expressed as estimates of absorbed dose. The toxicological reference values used to calculate risk 

have been adjusted to account for this difference; however, this discrepancy is a source of uncertainty when 

comparing or combining dermal doses with intakes from-other exposure routes. 

3.5.1 Soil Exposure Pathways 
. . 

Exposure to soil through incidental ingestion was evaluated for construction workers and site 

- 
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employees under current and future land use scenarios. Intake estimates for-the.chemical contaminants in 

the soil ingestion pathway were estimated by means of the following equation: 

Intake (mg I kg - day) = Csoil x IR x EF x ED x CF 
B W x A T  

Where: 

CSO = Contaminant concentration in soil (mglkg) 
IR = Ingestion rate (mglday) 

EF - =  Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

CF = Conversion factor (1 0-6 kglmg) 

BW = Body weight (kg) 

AT = Averaging time for cancer and non-cancer effects (days) 

Radionuclide intake.estimates for the soil via incidental ingestion was estimated by means of the following 

equation: 

Intake (pCi) = Cso x IR x EF x ED x 
CF 

Where: 

CSO = Radiological activity in soil (pCi1g) 

IR = Ingestion rate (mglday) 

EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

CF = Conversion factor (1 0-3 gmg)  

Unlike inhalation and ingestion exposure to soil, the external radiation exposure term is defined as 

an equivalent radionuclide concentration in soil that an onsite receptor would be exposed to for a particular 

duration. This exposure term is adjusted for exposure time and shielding. For the Parcel 4 area RRE a 

default-shielding factor of 20% for the site employee and 10% for the construction worker scenarios were 

assumed. These assumptions provide for a conservative estimate of external radiation exposure. 

The intake equation for radionuclide contaminants via the external exposure pathway was estimated 

using the following equation: 

I b X t  (pCi1g-yr) = Cso x EDex x (1  -Se) x Te 
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Where: 

K x t  = External exposure contact rate (pCi-yrlg) 
Cso = Radiological activity of soil (pCi1g) 

EDe, = Exposure Duration x 0.685 (days workedldays in a year= 2501365) (year) 

Se = Gamma Shielding Factor (unitless) 

Te = Gamma Exposure Time Factor (unitless) 

- - - - - . - - - - . - - - - - - - - - -. - 
Intake- of so i l  -(fugitivcdust)-viTinKalatioT wG eGaluited -fG cKsirict ion -wGk&sand site 

employees under current and future use scenarios. The intake equation for chemical contaminants by this 

means is provided below: 

Intake (mg 1 kg - day) = Cso x IRair x EF x ED 
PEFxBW x AT 

Where: 
- 

c s o  - Contaminant concentration in soil (mglkg) 
IRair = Inhalation rate (m3/day) 

EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

PEF = Particulate emission facto; (4.28 x 109 m31kg, EPA default value) 

BW = Body weight (kg) 

AT = Averaging time for cancer and non-cancer effects (days) 

The intake equation for radionuclide contaminants via inhalation of fugitive dust was estimated 

using the following equation: 

Intake (pCi) = C,, x I%,, x EF x ED x CF 

PEF 

Where: 

CSO = Radiological activity in soil (pCi1g) 
lRair = Inhalation rate (m3/day) 

EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

CF = Conversion factor (1 000 glkg) 

PEF - e - - Particulate emission factor (4.28 x 109 ~ ~ I ~ ~ , . E P A  default value) - - . - 
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The PEF relates the concentration of the contaminant in soil to the concentration of respirable 

particles in the air from fugitive dust emissions. These emissions result from wind erosion. The default 

value of 4.28 x 109 m3/kg was taken from Risk-Based Guideline Values (DOE 1997~). 

Volatilization of chemical .contaminants from .soil.-may result in exposures via inhalation for 

construction workers and site employees; however, no volatile COPCs were identified in the Parcel 4 area. 

Therefore, this pathway was not evaluated for chemical constituents. 

3.5.2 Groundwater Exposure Pathways 

Intake from the ingestion of groundwater was evaluated for construction workers and site employees 

under current and future use scenarios. The current concentration of contaminants in groundwater was 

derived from concentrations detected in the Mound plant production wells. The future concentration of 

contaminants in groundwater assumes that all contaminants detected in the bedrock wells will migrate to the 

BVA and be withdrawn at the Mound Plant production wells. Historical and current bedrock well data was 

screened and modeled to predict future contribution to the BVA from bedrock using a Flow Tube Model. 

This future bedrock estimated concentration was then added to the EPCs in the Mound Plant production 

wells to provide the estimated future contaminant concentrations in groundwater used to calculate future 

groundwater risk. The discussion of the Flow Tube Model and future bedrock estimated concentrations and 

total future estimated groundwater concentrations are presented in Appendix B. Risk was then calculated 
' 

for current and future intake of groundwater under the construction worker and site employee scenarios. The 

following equation was used to estimate current and future intake of chemical COPCs from the ingestion of 

groundwater as a drinking water source for both the construction worker and the site employee: 

Constituent Intake (mg I kg-day) = CWxIRwxEFxED 
BWxAT 

Where: 
- c w  - constituent concentration in water (mg1L) 

IRw = ingestion rate (Llday) 

EF = exposure frequency (dayslyear) 

.ED = .  .. exposure duration (years) 

BW = body weight (kg) 

AT = averaging time (days) 

In addition to groundwater ingestion, the construction worker was assumed to shower at work. 

While showering, workers were assumed to have dermal exposure to contaminants in groundwater and to a 
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inhale volatile contaminants while showering. The dermal absorbed dose from dermal contact with 

constituents in groundwater was calculated as follows: 

Constituent 

Where: 

- - - - . - - -- - -. 

DAD (mg / kg - day) = DAevent x EV x EF x SA x ED 
B W x A T  

DAD = dermal absorbed dose (mg/kg-day) 
- absorbed-dose-per event-in-water (mg/cm2-event) - - - - 

events per day (day-1) 

exposure frequency (dayslyear) 

surface area of skin exposed (cm2) 

exposure duration (years) 

body weight (kg) 

averaging time (days) 

'.* 

F& inorganics, DAevent (mg/cm2-event) was calculated as follows: 

., DAevent = absorbed dose per event in water (mg/cm2-event) 

chemical-specific permeability coefficient (cmkr) 
- 

c w  - concentration of chemical in water (mg/L) 
- 

tevent - ' duration of event (hrlevent) 

For organics, DAevent (mg/cm2-event) was calculated as follows: 

Where: 

DAevent 
- - absorbed dose per event in water (mg/cm2-event) 

- 
K~ - 

permeability coefficient from water (constituent-specific, cm/hr) 
- 

c w  - concentration of chemical in water (mg/cm3 = 10-3 mgL)  

- 
tevent - duration of event (hrlevent) 

- T - - - - l ag  time (hour) - - -  - - 

n - - constant (3.14 159) 
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Constituent-specific permeability coefficient values (Kp) and the formula for the calculation of 

Kp was taken from Chapter 5 of Dermal Exposure Assessment: Principles-and.App1ication.s (EPA 

1992b). If a Kp was not found, it was calculated using the following formula: 

log (PC) = -2.72 + 0.71 log ( &I,) - 0.0061 MW 

Where: 
.... . . . 

log PC = log of the constituent-specific permeability coefficient 

Kolw 
- - octanoVwater coefficient (constituent-specific) 

MW - - molecular weight (glmole) 

The following equation was used to calculate the intake of radionuclides from dermal contact with 

water: 

Where: 
- 

c w  - concentration of contaminant in water (pCi1L) 
SA = surface area of skin exposed (cm2) 

- 
K~ - chemical-specific permeability constant (cmlhr) 

EF = exposure frequency (dayslyear) 

ED = exposure duration (years) 

ETs = duration of event (hourslday) 

The following equation will be used in the RRE to calculate chemical contaminant intake from 
inhalation during showering: 

Cw x K x IRair x EF x ED x ET x CF 
Intake (m /kg - d) = 

BW x AT 

Where: 

contaminant concentration in water (mg/L) 

volatilization factor ( ~ l m 3 )  
inhalation rate (m3ld) 

exposure frequency (dlyr.) 

exposure duration (yr.) 

exposure time (hrld) 

conversion factor (1  dl24 hr) 
body weight (kg) 

averaging time (yr x 365 dlyr.) 

-- 
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Tritium is the only radionuclide present at the Mound Plant that is volatile enough that its vapor 

needs to be considered for the inhalation pathway. The following equation was used to calculate tritium 

intake from inhalation during showering: 

L 
Intake(pCi) = C ,  x IRair x EF x ED x Mtotal x ETs x - 

1 ooog 

- 
c w  - Tritium concentration in water (pCi/L) 
IRair = inhalation rate (m31d) 

EF = exposure frequency (dlyr) 

ED = exposure' duration (y) 

M ~ o t a l =  airborne mass concentration of water in shower (66.96 g/m3, 

HAZWRAP, 1995) 

ETs = shower duration (hrld) 
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4.0 TOXICITY ASSESSMENT 

The objectives of the toxicity assessment are to identify and select toxicological values for use in 

estimating the significance of the exposure and to evaluate potential adverse effects associated with exposure 

to compounds detected in Parcel 4. The RRE for the Parcel 4 area evaluated chronic exposures. The RRE 

utilized methods recommended by EPA for evaluating human cancer effects resulting from exposure to the 

COPCs. Toxicity criteria used in the RRE were obtained from the most current update of the EPA Integrated 

Risk Information System (IRIS) or, if the information was not available in IRIS, the EPA Health Effects 

Assessment Summary Tables (HEAST). IRIS is an electronic database containing the most current 

descriptive and quantitative EPA regulatory information on chemical and radiological constituents. 

Constituent files maintained in IRIS contain information related to non-carcinogenic and carcinogenic health 

effects of constituents. HEAST is a published reference, updated periodically by EPA. HEAST contains 

slope factors needed to evaluate the carcinogenicity of radionuclides. Table 4.1 presents a summary of 

toxicological criteria used along with the chemical-specific characteristics used to estimate dermal absorbed 

dose and the concentrations present in vapors or dust. 

In assessing the potential for non-cancer health effects, EPA assumes that there is a threshold below 

which no adverse toxic effects are expected. For example, a toxic threshold would exist if a substance had 

no toxic effect at a certain level of exposure, but did have a toxic effect at a higher level. EPA derives and 

publishes reference doses (RfDs) and reference concentrations (RfCs) for use in evaluating adverse non- 

carcinogenic effects. These are estimates (with uncertainty spanning an order of magnitude or greater) of 

daily human exposures, including sensitive sub-populations, that may go without appreciable deleterious 

effects during a lifetime (EPA 1989). EPA derives RfDs and RfCs for humans, based on estimates of the 

no-observable-adverse-effect-level (NOAEL) or lowest-observable-adverse-effect-level (LOAEL) observed 

in test organisms. EPA classifies all radionuclides as carcinogens and the process of carcinogenesis is 

generally thought to be a phenomenon without a threshold for effect (EPA 1989). The basis for this 

presumption is that an extremely low level of exposure to some carcinogens may result in chromosomal or 

enzyme changes leading to uncontrolled cellular proliferation, or cancer. EPA does not therefore, estimate 

an effect threshold for carcinogenic chemicals. EPA uses a two-part evaluation for carcinogens. First the 

constituent is assigned a weight-of-evidence classification based on both epidemiological evidence of 

carcinogenic effects and laboratory tests conducted with animals. Then a cancer slope factor (CSF), is 

calculated. The HEAST lists ingestion, inhalation, and external exposure CSF for radionuclides in the units 

* 7 
P 
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of picocuries (pCi). Ingestion and inhalation slope factors are central estimates in a linear model of the age- 

@ averaged, lifetime-attributable radiation cancer incidence (fatal and nonfatal) risk per unit of activity inhaled 

or ingested. The slope factor is a plausible upper-bound estimate of the slope of the dose-response curve in 

the low dose range. In risk assessment, the cancer slope factor is used to estimate the excess lifetime 

probability of a carcinogenic effect occurring in exposed receptors. 

4.1 Toxicity Values for Evaluating the Dermal Pathway 
. - .- - - - .  - -  - - - - - - - - . - A - - - - . - .- - - 

Toxicological reference values are available only for the oral and inhalation pathways, and the 

majority of these values are based on intake (i.e., administered dose) rather than an absorbed dose. Because 

the intake equation for the dermal contact pathway calculates absorbed dose (by incorporating a dermal 

absorption factor or a permeability coefficient), it is necessary to convert the administered dose toxicity value 

to an absorbed dose toxicity value in order to calculate risk. For non-carcinogens, the administered dose 

.toxicity :. . value (i.e., the RfD) was multiplied by the gastrointestinal absorption factor. For carcinogens, the 

slope factor was divided by the gastrointestinal absorption factor. For the Parcel 4 RRE oral administered- 
.k 

dose, EPA recommended compound-specific gastrointestinal absorption factors used for adjusting toxicity 

values were only available for PAHs. 
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5.0 RISK CHARACTERIZATION 

This section presents the risk characterization for the Parcel 4 area. In risk characterization, 

information from the exposure assessment (Section 3) is combined with information from a toxicity 

assessment (Section 4) to characterize human health risks. 

5.1 Risk Characterization Methods 

Risk characterization integrates the exposure and toxicity assessments by comparing estimates of 

intake or dose with appropriate toxicity values. This in turn provides an indication of the potential for 

adverse effects to exposed receptors. The objective of the risk characterization is to determine if exposure 

to contaminants associated with the site poses risks that exceed EPA target levels for human health effects. 

The results of the risk assessment may thus support the determination of site release or the need for site 

remediation. 

The RRE reports the incremental risk, total risk, and risk from background for each contaminant 

evaluated in Parcel 4 Area. The incremental risk is the risk posed by site-related contamination above the 

risk posed by background environmental levels. Background risk is the risk resulting from sources other 

than the Mound-related residual contamination. Site-specific background values are provided in the Mound 

2000 RREM (DOE 1997a). The Mound 2000 background values that correspond to the Parcel 4 COPCs 
. . 

were used as the EPCs to determine background risk. Total risk is the sum of the background and 

incremental risk. This risk characterization presents a separate evaluation of non-carcinogenic and 

carcinogenic effects. The assessment distinguishes cancer from non-cancer effects because organisms 

typically respond differently following exposure to carcinogenic or non-carcinogenic agents. Quantification 

methods for cancer and non-cancer effects are discussed separately in the following sections. 

5.1.1 Quantification of Carcinogenic Risk 

Cancer risks are probabilistic estimates of the excess (incremental) lifetime cancer risk for an 

individual specifically attributable to long term exposure to site-related chemicals. The procedure for 

calculating risk associated with exposure to carcinogenic compounds has been established by EPA (EPA 

1989). A non- threshold, dose-response model was used to calculate a cancer slope (potency) factor for each 
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COPC. To derive an estimate of risk, the cancer slope factor was multiplied by the estimated chronic daily 

intake experienced by the exposed individual: 

Risk = CDI x CSF 

Where: 

Risk = . High end estimate of the excess lifetime cancer risk to an individual (unitless 

probability) 

- - _ CDI. _: . .Chronic. daily intake-averaged.over.an_established period (mglkg bodyweighdday.) _~ 

CSF = Cancer slope factor (95% upper-bound estimate of the slope of the dose-response 

curve) expressed as (mglkg body weight/day)-1. 

To evaluate the risk of exposure to more than one carcinogenic COPC, the risk estimates for 

each COPC were summed to provide an overall estimate of total carcinogenic risk (EPA 1989). 

n 
Riskt= 1 Risk. 

1 
i = l  

Where: 

, Riskt = The combined excess lifetime cancer risk across chemical carcinogens 

, Riski = The risk estimate for the ith chemical of n chemicals under evaluation. 

5.1.2 Quantification of Non-carcinogenic Risk 

The traditionally accepted practice of evaluating exposure to non-carcinogenic compounds has been 

to experimentally determine a NOAEL and to divide this by a safety factor to establish an acceptable human 

dose, for example, acceptable daily intake or RfD. The RfD is then compared to the average daily intake 

experienced by the exposed population to obtain a measure of concern for adverse non-carcinogenic effects: 

HQ = IntakeJRfD 

Where: 

HQ = Hazard Quotient: potential for adverse non-carcinogenic effects 

Intake = Average daily intake for subchronic or chronic exposure (mglkg body weighdday) 
- .  RfD = Acceptable intake for subchronic or chronic exposure (mgtkg body weighdday). 
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To evaluate exposure to multiple non-carcinogenic COPCs the HQs for all COPCs were summed 

to obtain the Hazard Index (HI). 

Where: 

HI = Hazard Index 
- HQi - Hazard Quotient for the ith chemical of n chemicals under evaluation. 

EPA has established acceptable risk levels for use in determining the need for site remediation. For 

non-carcinogenic effects, EPA has set the acceptable HQ at one. If the HQ is greater than 1, there is the 

potential for adverse health effects at the given exposure/dose level, but the HQ value is not an indication 

of the severity of the effects. For multiple non-carcinogens, the HQs for all of the chemicals under 

evaluation are summed resulting in the HI. If the HI is > 1, the potential also exists for adverse health effects 

resulting from exposure to mixtures of chemicals. In cases where the HQ for individual substances is below 

1 yet several HQs sum to greater than 1, EPA recommends segregating the compounds into groups with like 

or common toxicological effects and re-evaluating the potential for the various adverse health effects. In 

cases where HQs for individual substances are greater than 1, this step is not necessary or useful. 

5.2 Risk Characterization Results 

The following sections present the risk characterization results for the Parcel 4 by potential receptor. 

Risk estimates for individual soil COPCs for all scenarios and pathways are presented in Tables 5.1 through 

5.6. Tables 5.1 through 5.3 present soil risk estimates based on construction worker exposure parameters, 

and Tables 5.4 through 5.6 present soil risk estimates based on site employee exposure parameters. Total 

risk was calculated using the total concentration of the COPCs detected in Parcel 4. Background risk was 

based on background levels of the COPCs and incremental risk was calculated using the difference between 

total and background levels. Incremental risk can be used to assess the increase in risk above background 

levels due to Mound Plant operations. Tables 5.19 through 5.21 present summaries of the risk results for all 

scenarios and media for exposure pathways assessed in the RRE. 

Current groundwater risk was assessed using the EPC for the COPCs and the risk equations 

presented in Section 3.5.2. Appendix B presents the methodology for calculation and values of the future 

groundwater COPCs. Risks due to exposure to current and future groundwater are presented in Tables 5.7 

. . 
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through 5.18. In the summary Tables 5.19 through 5.2 I, risk estimates that are at or above the non-cancer 

HI of I and the cancer acceptable risk level. of 10-6 are bolded. The NCP acceptable risk range is 10-4 to 

10-6 and risk is evaluated at levels above 10-6. 

5 2 . 1  . construction Worker Risk Results 

Soil 

Final COPCs for soil for the construction worker are identified in Table 2.2. Tables 5. I through 5.3 

present total, background, and incremental risk for a construction worker in Parcel 4, respectively. Total 

residual non-carcinogenic risk for a construction worker due to COPCs in soil was 0.19, which is below the 

target HQ of one. Most of this risk (0.15 or 80%) is due to antimony. Background and incremental residual 

non-carcinogenic risk for a construction woriier due to COPCs in soil also fell below the target HQ of one. 

Total and incremental residual cancer risk from soil for a construction worker in Parcel 4 is 3.3~10-5 and 

2.9~10-5, respectively, which falls within the acceptable risk range of 10-4 to 10-6. Background residual 

.risk from soil for a construction worker in Parcel 4 was 6.9~10-6 and is based only on background 

concentrations of thorium-230. Incidental soil ingestion and external radiation are the exposure pathways 

that contributed significantly to residual cancer risk. Incidental soil ingestion contributes 60% and external 

radiation contributes 41% of the total residual cancer risk for a construction worker in Parcel 4 soil. 

Current Groundwater 

Final COPCs for current groundwater for the construction worker are identified in Table 2.6. Total, 

background, and incremental risk for a construction worker exposed to current groundwater is presented in 

Tables 5.7 through 5.9. Total and incremental non-carcinogenic residual risk from current groundwater for 

the construction worker is 1.3. This value exceeds the target HI of 1. Antimony is responsible for 84% of 

the current groundwater non-carcinogenic risk. Current background non-carcinogenic residual risk for the 

construction worker due to exposure to groundwater is 0.017, which does not exceed target non-carcinogenic 

risk. Current total and incremental carcinogenic risks associated with exposure to groundwater is 2.1~10-6, 

which falls within the acceptable risk range of 10-4 to 10-6. Thorium-230 is responsible for 100% of 

carcinogenic-risk-via the ingestion pathway. 
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Future Groundwater 

Final COPCs for future groundwater for the construction worker are identified in Table 2.10. Total, 

background, and incremental risks for the construction worker are presented in Tables 5.13, 5.14, and 5.15, 

respectively. Total residual non-carcinogenic risk from future groundwater for the construction worker was 

5.5. Background non-carcinogenic risk from future groundwater for the construction worker scenario was 

0.23 and increment residual non-carcinogenic risk from future groundwater was 5.4. Total and incremental 

non-cancer risk for the construction worker exceed the target Hazard Index (HI) of 1. Future total and 

incremental carcinogenic residual risk from groundwater for the construction worker scenario was 3.0~10-4 

and 2.9~10-4, respectively, which exceed the acceptable risk range for carcinogens. Background residual 

carcinogenic risk from future groundwater for the construction worker scenario was 8.8~10-6, which falls 

within the acceptable risk range. 

Air - 

Potential cumulative carcinogenic risk due to exposure to contaminants in air was 2.1~10-7, which 

is less than the acceptable risk range. None of the COPCs identified in air have non-carcinogenic risk 

criteria, so a HI was not calculated for exposure to contaminants in air. 

5.2.2. Site EmployeeRisk Results 

Surface Soil 

Final COPCs for surface soil for the site employee are identified in Table 2.4. Total, background, 

and incremental residual soil risk for a site employee in Parcel 4 is presented in Tables 5.4, 5.5, and 5.6, 

respectively. Total residual non-cancer risk for a site employee exposed to surface soil in Parcel 4 is 

0.00067, which is well below the acceptable HQ of one. Backgroltnd and incremental residual non-cancer 

risk for a site employee exposed to surface soil in Parcel 4 is also well below the acceptable HQ of 1. Total 

and incremental residual cancer risk from surface soil for a site employee in Parcel 4 are 1.0~10-4 and 

6.4~10-5, respectively, which fall within the acceptable risk range of 10-4 to 10-6. Background residual 

cancer risk from surface soil for a site employee in Parcel 4 is 4.4~10-5. External exposure to surface soil 

is the exposure pathway that contributes 95% to residual soil cancer risk for the site employee from Parcel 

4. 
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Current Groundwater 

Final COPCs for current groundwater for the site employee are identified in Table 2.8. Total, 

background, and incremental residual current groundwater risk for a site employee in Parcel 4 is presented 

in Tables 5.10, 5.1 1, and 5.12,.respectively. Total .and incremental non-carcinogenic residual risk from 

current groundwater for the site employee scenario is 1 .I, which exceeds the acceptable HI of 1. Antimony 

via the ingestion pathway is responsible for 85% of the non-carcinogenic risk. Current background non- 
- - - - - - - - - . .- _- _ - _ -_ ___ _ - ----- - - -  - -- --- - -  

carcinogenic%sidua1 risk-fG thes~te  employee due to exposure to groundwater does not exceed target non- 

c'arcinogenic risk. Total and incremental carcinogenic risks for site employees exposed to current 

groundwater is 2 . 2 ~  10-5 and 1.8~10-5, respectively. These values fall within the acceptable risk range of 

10-4 to 10-6. Actinium-227, plutonium-2391240, thorium-228, thorium-230, and uranium-234 contribute 

equally to the carcinogenic risk via the ingestion pathway. Current background cancer risk to the site 

employee presents a risk of 3.3~10-6, which is within the target cancer risk range. 

Future Groundwater 

I 

Final COPCs for future groundwater for the site employee are identified in Table 2.12. Total, 

background, and incremental risks for the site employee are presented in Tables 5.16, 5.17, and 5.18, 

respectively. Future total and incremental non-carcinogenic residual risk from groundwater for the site 

employee scenario were 5.1 and 4.9, respectively. Both of these values exceed the acceptable HI of 1. 

Future background non-carcinogenic residual risk in groundwater for the site employee is 1.2, which exceeds 

the acceptable Hazard Index of 1. Future total and incremental carcinogenic residual risk from groundwater 

for the site employee scenario is 5.9~10-5 and 5.4x10-~, respectively. Total and incremental carcinogenic 

risk associated with exposure to groundwater falls within the acceptable risk range of 10-4 to 10-6 for the 

site employee scenario. Background carcinogenic residual risk from groundwater for the site employee 

scenario was 5.5~10-6, which also falls within the acceptable risk range of 10-4 to 10-6. 

Air - 

Potential cumulative carcinogenic risk due to site employee exposure to contaminants in air was 

-9.9~10-7, which is slightly-less than the acceptable risk range. None of the COPCs identified in air have 

non-carcinogenic risk criteria so a HI was not calculated for exposure to contaminants in air. 

- - 
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5.2.3 Overall Summary of Risk Results 

An overall summary of total, background, and incremental cancer and non-cancer risks are presented 

in a table included with the Executive Summary and in Tables 5.19 through 5.21 The risk values in the tables 

are broken out by media (i.e., groundwater, air, and soil) and are the sum of risks for all.pathways for the 

construction worker and site employee scenarios. Overall carcinogenic and non-carcinogenic risks associated 

with exposure to soil and air fall within the acceptable risk range of 10-4 to 10-6 and an HI of less than one 

for both potential receptors. Total and incremental carcinogenic and non-carcinogenic risks exceed the 

acceptable risk range for the future construction worker and the future site employee due to potential 

exposure to groundwater. Incremental carcinogenic risk is within the acceptable risk range for the current 

construction worker and current site employee. Total carcinogenic risk is within the acceptable risk range 

for the current construction worker but exceeds the acceptable risk range for the current site employee. Total 

and incremental non-carcinogenic risks for the current and future construction worker, and current and future 

site employee exceed an HI of one due to potential exposure to groundwater. The cumulative incremental 

non-carcinogenic risk exceeds the standard (HI= one) for the four scenarios listed in the Overall Summary 

of Risks Table (presented below). The cumulative incremental excess lifetime cancer risk exceeds the 

acceptable risk range (10-4 to 10-6) for the future Construction Worker Scenario (3.2~10-4) and for the 

future Site Employee Scenario ( I  .2xl0-4). Where overall risk exceeds acceptable levels, these risks are 

driven by exposure to groundwater. These exceedances result from the conservative nature of the 

groundwater analysis. The groundwater model does not take into account natural physical and chemical 

processes such as dilution, dispersion, adsorption,and soil properties that may reduce contaminant levels 

by the time it reaches the BVA. As a result, the future groundwater exposure point concentration is biased 

high and conservative. Specifically, using the maximum detected value (a single measurement) from a data 

set that spans approximately seventeen years as the concentration representing a contaminant of potential 

concern, and assuming contaminants are present only in their most toxic form, overestimate the risk. Details 

are provided in Section 6, Uncertainties. Given the conservative nature of the RRE and the associated 

uncertainties, the risks presented in this table represent the upper-bound plausible limit of risks (worst case 

scenario). Based on the protective measures presented in the Proposed Plan for Parcel 4 and the conservative 

nature of the RRE, the future groundwater risks presented will be managed to be protective of human and 

environmental health. 
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6.0 UNCERTAINTY IN THE RISK ASSESSMENT 

In the following section, an evaluation is presented of the sources of uncertainty in the Parcel 4 area 

RRE and the relative influence of these sources on the results of the evaluation. Uncertainty is inherent in 

- the selection of input parameters and in every step of the risk assessment process. Risk assessment'of 

contaminated sites must not be viewed as yielding single value, invariant results. Rather, the results of risk 

- - . assessment - - - are estimates -- that - span - - a - range - of - possible - values, .- . and - - - which - -- must - - be - understood - . -- only in - light - - - -  

of the assumptions and methods used in the evaluation. 

The results of the RRE are presented in terms of the potential for adverse effects based upon a 

number of conservative assumptions. The tendency to be conservative is an effort to err toward protecting 

health. Uncertainty can be found at all phases in the risk assessment: in the analytical data, the exposure 

assessment, the toxicity assessment, and the risk characterization. Where uncertainty does exist, the RRE 

uses conservative assumptions to ensure that the outcome will be protective. 
. - 

. . 

6.1 Uncertainty in Analytical Data 

Uncertainty is introduced to the RRE when sample locations are selected and when samples are 

collected and analyzed. In the RRE, the long-term exposure concentrations were upper estimates of site 

concentrations (e.g., maximum detect or 95% UCL); therefore, a conservative bias to overestimate potential 

exposure has been incorporated into the risk estimates. The uncertainty associated with the statistical 

analysis of environmental data is low, with little introduction of bias. 

Data for the RRE was collected over a 17-year period (1983-2000) and analytical detection limits 

and methods have changed. This has resulted in current lower detection limits and presents uncertainty in 

the data by adding potential bias to the EPC for a constituent. The earlier data with higher detection limits 

resulted in non-detected concentrations that were higher in some cases than current maximum detected 

concentrations. Since % the detection limit was substituted for non-detected concentration limits this tends 

to bias the EPC high. For groundwater, the historical and current groundwater data were collected and used 

to develop the EPC by a conservative approach and model presented in Mound 2000 RREM. Uncertainty 

is introduced because the analytical results for constituents in the groundwater, collected over a 17-year time 

period, may not meet the DQOs currently in place for data collection at Mound. Antimony is an example of 

this type of uncertainty. The long time-frame also means that contaminants detected in the production wells 
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and bedrock wells may have degraded. For example, 17 years is greater than one-half-life for tritium. The 

concentration of tritium in groundwater is reduced by half every 12 years. 

Although antimony was detected in 5 out of 29 analyses of groundwater collected from the two 

production wells, there was no large-scale use of antimony at the Mound facility. The highest concentrations 

of antimony detected (3 8.2 pg/L and 40.2 pg/L) were both collected on May 6th, 199 1. Since both elevated 

results were collected on the same date the possibility of sample contamination exists. May 6th 1991 

precedes development of the Mound Quality Assurance Project Plan (DOE 1993a) by two years, so it is 

doubtful that these antimony results meet the data quality objectives currently in place at Mound. The 

minimum and maximum concentrations of antimony excluding the May 6th 1991 samples range from 2.8 

pg/L and 14.4 p&, respectively. The MEIMS database specifies the procedure used for antimony analysis 

as an "unknown CLP method" and the results were lab qualified as "B". When applied to inorganic 

compounds, like antimony, the "B" lab qualifier means that the reported value is greater than the instrument 

detection limit but less than the contract required detection limit. The next highest detection of antimony 

(14.4 pg/L) was detected in April 7th, 1994 and antimony has not been detected in the BVA since. In 

addition to the monitoring data reported in MEIMS, monitoring of the production wells is conducted in 

accordance with the Safe Drinking Water Act (SDWA). The SDWA data for production well groundwater 

shows antimony at the detection limit of 0.6 pg/L. The maximum concentration of antimony detected in the 

production wells (40.2 pg/L) was used to describe the current groundwater concentration due to the 95% 

UCL being greater than the maximum detected concentration value. 

Given the age, elevated detection limits, and uncertain analytical procedure used for the May 6th 

199 1 analyses, plus results of subsequent analysis that shows antimony at much lower levels, it seems highly 

unlikely that the concentration used to describe the current concentration of antimony in groundwater is 

accurate. The maximum concentration of antimony detected in the production wells was used to describe 

current groundwater to ensure that the actual risk from groundwater ingestion is not underestimated. 

However, this approach may result in an overestimation of actual current risk. Elimination of the 

questionable May 6th antimony results would lower the estimated current total risk from an HI of 1.3 for the 

construction worker down to an HI of 0.6 which is well below the acceptable risk threshold. 

To estimate future risk in the BVA, the EPC in the production wells was added to the flow tube 

modeled maximum detected concentration found in the.bedrock wells. The flow tube model includes an 

assumption that the maximum concentration of a constituent detected in each of the twenty bedrock flow 

tubes impacts the BVA in the future. Natural physical and chemical processes such as dilution, dispersion, 
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adsorption, and soil properties are ignored when establishing future estimated concentrations by this method. 

The model does not take into account chemical and physical process such as dilution, dispersion, and 

adsorption, which may reduce contaminant levels by the time it reaches the BVA. As a result of this 

methodology, the future EPC concentration is biased high and conservative. This added conservatism helps 

to compensate for the uncertainties in the characterization of the bedrock aquifer. It was agreed through the 

implementation of Mound 2000, source removal and the RREM that extensive characterization of the 

bedrock groundwater was not needed due to the following: 1. A restriction on the use of the aquifer would 
- -  . - 

be implemented; 2. The groundwater yield from the bedrock-is low (i.e:one gallon per-minute);and 3:- - - - - 

Characterization and remediation of fractured bedrock is technically difficult. It is important to recognize 

the uncertainties of the assumptions, but it is also important to maintain the conservative nature of the 

assumptions. 

6.2 Uncertainty in Exposure Assessment 

', 
Exposure assessment may introduce considerable uncertainty in the risk assessment process. The 

RREM presents exposure and intake calculations based on EPA procedures that were used in the Parcel 4 

RRE. Exposure assumption values were also used to develop site-specific risk-based guideline values for 

. @ the Mound Plant which were approved by DOE, Ohio EPA, and EPA. Exposure assumptions are based on 

best professional judgement regarding potential land use, assumptions concerning contaminant fate and 

transport, and receptor behavior. Uncertainty associated with the exposure assumptions used in the risk 

assessment is low to moderate, and most likely overestimates the actual risks. 

One of the exposure assumptions used in the Parcel 4 RRE is that future site users would utilize the 

production wells for potable water supplies. The MMCIC intends to tap future site users into the municipal 

water supply system in the near future, therefore exposure to bedrock or BVA groundwater is unlikely. 

Using the production well and bedrock well data to estimate future risk is a conservative estimate of future 

risk, but appropriate because the production wells are located in a productive portion of the BVA and 

could be used in the future as a water resource. 

Another source of uncertainty in the Parcel 4 RRE involves external exposure to gamma-emitting 

radionuclides. External exposure refers to the irradiation of tissues by radiation emitted by radionuclides 

located outside the body either dispersed in air, on skin surfaces, or deposited on ground surfaces. Gamma 
. . 

and x-rays are the most penetrating of the emitted radiation and comprise the primary contribution to 

radiation dose from external exposures. The calculation of risk from external radiation exposure assumes 

Residual Risk Evaluation Parcel 4 Page 33 o f  38 
Final, February 2001 



that any gamma-emitting radionuclide in soil is uniformly distributed in soil,- -The calculation of external 

radiation exposure risk includes a gamma-shielding factor (Se) to account for attenuation of radiation by 

structures, terrain, or engineered barriers. Se is expressed as a fractional value between 0 and 1, representing 

the possible risk reduction range from 0% to 100% due to shielding. For the Parcel 4 RRE a default value 

of 0.2.or 20% shielding for-the.site employee and 0;l or 10% shielding for the construction~worker scenarios 

was used in the risk calculations. 

6.3 Uncertainties Related to Toxicity Information 

Although EPA-approved toxicity values were used for the RRE, a significant amount of uncertainty 

may surround these values. Identification of the sources of this uncertainty enables the risk assessor to 

establish the degree of confidence associated with the toxicity measurements. 

Uncertainty is inherent within the toxicity assessment and is primarily due to differences in study 

design, species, sex, routes of exposure, or dose-response relationships. A major source of uncertainty 

involves using toxicity values based on experimental studies that substantially differ from typical human 

exposure scenarios. The derivation of the toxicity values must take into account such differences as 1) using 

dose-response information from animal studies to predict effects in humans, 2) extrapolating dose-response 

information from high-dose studies to predict adverse health effects from low doses, 3) using data from 

short-term studies to predict chronic effects, and 4) extrapolating from uniform animal populations to 

variable human populations. 

The cancer slope factors, in particular, are based on studies that may differ greatly from realistic 

situations. Experimental cancer bioassays typically expose animals to very high levels of chemicals (i.e., 

the maximum tolerated dose) for their entire lifetime. After appropriate studies have been identified, the 

slope factor is calculated as the upper 95th percent confidence limit of the slope of the dose-response curve. 

This introduces conservatism. into the risk assessment. In addition, carcinogens are assumed to be human 

carcinogens regardless of EPA's weight-of-evidence classification. 

The derivation of reference doses involves the use of animal studies. Uncertainty factors ranging 

from 1 to 1,000 are incorporated into the reference dose to provide an extra level of health protection. The 

factors used depend on the type of study from which the value has been derived (e.g., animal or human, 

chronic or acute, study design). The scientific basis for this practice is somewhat subjective. In general, 
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high uncertainty factors are meant to bias the results conservatively so that exposures at the reference dose 

level will not result in adverse health effects. 

Toxicity values derived fiom oral administered dose studies have been converted to absorbed dose 

toxicity values for use in evaluating the dermal contact pathway. This is considered a more accurate - 

approach than using unadjusted oral toxicity values for the dermal pathway. Uncertainty is introduced in 

the use of the gastrointestinal absorption factors. Limited information is available on the gastrointestinal 
- -- - - - ---- - - -- - ---- -- - -- - - - - - - - -  --- ---- --- -- -- 

absorption of some analytes and many have no information at all. In addition, no adjustments have been 

made for the medium of exposure (e.g., when the medium of exposure in the site differs from the medium 

of exposure assumed by the toxicity value). The uncertainty associated with using the absorbed dose toxicity 

values for the dermal pathway is moderate and the bias unknown. 

There are some chemicals for which no toxicity value exists and for which little information is 

available. Therefore, a quantitative risk estimate cannot be calculated for these chemicals. For example, 

seieral of the COPCs identified in Parcel 4 could not be quantified for lack of EPA-approved toxicity values. 

~ h k  lack of toxicity information for some chemicals contributes to the underestimation of risks. 

Cancer and non-cancer risks are summed in the risk characterization process (separately for 
c' 

carcinogens and non-carcinogens) to estimate potential risks associated with the simultaneous exposure to 

multiple chemicals. In the case of carcinogens, this gives carcinogens with a class B or class C weight-of- 

evidence the same weight as carcinogens with a class A weight-of-evidence. It also equally weights slope 

factors derived from animal data with those derived from human data. Uncertainties in the combined risks 

are also compounded because RfDs and cancer slope factors do not have equal accuracy or levels of 

confidence and are not based on the same severity of effect. 

6.4 Uncertainties in Risk Characterization 

Uncertainties in any phase of the risk analysis are reflected in the risk estimates. Some uncertainty 

is associated with the summation of risks and HQs for multiple chemical contaminants. As stated in RAGS 

(EPA 1989), "The assumption of dose additivity ignores possible synergisms or antagonisms among 

chemicals, and assumes similarity in mechanisms of action and metabolism." However, summing risks and 

HQs for multiple substances in this risk assessment provides a conservative estimate. 

- 
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6.5 Conclusion 
.-. ..- - 

The residual risk in Parcel 4 exceeds the acceptable risk range and is primarily driven by.the 

conservative groundwater analysis. Risk due to soil and air contaminants is within acceptable 
. . . . . . . - . . - . . . . - . 

risk range for industriaVco-bnercial reuse. 

Residual Risk Evaluation Parcel 4 Page 36 of 38 
Final, February 2001 



@ 7.0 REFERENCES 

DOE 1993a. OU9 Quality Assurance Project Plan 

DOE 1993b. OU5 Quality Assurance Project Plan 

DOE 1993c. Operable Unit 9 Site Scoping Report, Vol3, Radiological Site Survey, June, 1993 

- -- - - -  --- -- - .. 

DOE 1994. " ~ e a f i h  Consulta6on, DOE-Mound Plant" (1994) -- 

DOE 1996. Operable Unit 5 New Property Remedial Investigation Report, Mound Plant, Miamisburg, 
Ohio. Final (Revision 0) February 1996. 

DOE 1997a. Mound 2000 Residual Risk Evaluation Methodology, Mound Plant, Miamisburg, Ohio. 
Final, Revision 0. January 1997 

DOE 1997b. Residual Risk Evaluation - Release Block H, Mound Plant Miamisburg, Ohio. Final. 
.,August 1997. 

DOE 1997c. Risk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. Prepared by Hazardous 
Waste Remedial Actions Program managed by Lockheed Martin Energy Systems, Inc. March 
1997. 

@ DOE 1999 Technical Position Report in Support of the Release Block H Remedial Risk Evaluation, Public 
Review Draft. Revision 2, Mound Plant, Miamisburg, Ohio, April 1999. 

EPA 1990. "National Oil and Hazardous Substances Pollution Contingency Plan," Final Rule, FR Vol. 55, 
No. 46, March 8, 1990, available from U.S. Government Printing Office, Washington, D.C. 

EPA 1989. "Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, 
Part A, Interim Final," EPA, Office of Emergency and Remedial Response, Washington, DC. 

A 1992a. "Supplemental Guidance to RAGS: Calculating the Concentration Term," PB92-963373, 
May 1992. EPA, Office of Emergency and Remedial Response Toxics Integration Branch, 
Washington, DC. 

EPA 1992b. "Dermal Exposure Assessment: Principles and Applications," EPA/600/8-9110 1 1 b, Office 
of Health and Environmental Assessment, Washington, DC. 

EPA 1995. "Health Effects Assessment Summary Tables," OHEA ECAO-CIN-909, Office of Research 
. and -Development and Office of Emergency and Remedial Response, Washington, D.C. 

EPA 1997. "Exposure Factors Handbook," Volumes I, 11, and 111, EPA/600/P-951002Fa-c, EPA, Office 
of Research and Development, Washington, DC. 

EPA 1999a. Contract Laboratory Program national Functional Guidelines for Organic Data Review. 
EPA 540lR-991008, October 1999. 

-~ ~ 

Residual Risk Evaluation Parcel 4 Page 37 o f 3 8  
Final, February 2001 



EPA 1999b. Introduction to Region 9 PRG Document from web site. 
www.epa.gov/region09/waste/shnd/prg. 

EPA 2000. Integrated Risk Information System (IRIS), National Center for Environmental Assessment, 
U.S. Environmental Protection Agency, 26 West Martin Luther King Drive, MS-190, Cincinnati, 
Ohio 45268. (5 13) 569-7254. 

Gilbert, R.O. 1987. Statistical Methods for Environmental Pollution Monitoring. Van Nostrand Reinhold, 
New York. 

Riordan, Robert V., An Archaeological Survey of Portions of The Mound Facility, Montgomery County, 
Ohio December 1987. 

Residual Risk Evaluation Parcel 4 J 
Final, February 2001 



'Table 2.1 Initial Idenlificalion 01 Soil Constituents of l'otenlirl Concern lor the Conslrucllon Worker in I'arcel4. 1 

I 
Parcel 4 32/01 4 : l l  PM 

I 



Table 2.1 Initial Identincation of Soil Constituenlr of Potrnlial Concern for the Construction Worker In P a r d  4. i 

2 Parcel 4 3/2/01 4: 1 1  PM 



Tnblc 2.1 Initial Idcnlificalion of Soil (:on~litucnts of I'olcntiul Concern for the Conslruclion Worker in Parccl4. 

I 

3 
I 

Parcel 4 3/2/01 4 1 1  PM 1 

I 



Table 2.1 Initial Idenlificslion olSoil Constiluenls of Potential Concern lor the Construction Worker in Parcel 4. 

a=' 1110th In for ingest~on NO:l - <5% Detects I 
h=  1/1Oth Iil lor ingestion + inhalation NO:2 - <Background I .  

c=  10'cnncer risk for ingestion tnhalat~on NO:) - < Screening Toxicity Valuc 

d =  10'canccr r~sk for ingestion NO:2.3 - <Background.Scrcening ~ o x i c i l ~  

e= 10' cancer rlsk for ~ngestion + inhatahon + external N0.4 - Essential Human Nutrient , 
f- Calculated values bared on procedures in Mound's approved Risk-Based Guidance Values. Final Rev. 4. March 1997 and updated toxicity criteria 1 

g- Guideline Value was removed(under Core Team review) 

Y HS 

NO: I 

YES 

NO: I 

Y IiS 

NO:3 

YlIS 

NO:2.3 

NO:3 

NO: I 

NO:2 

Y 1:'s 
Y 1:s 

NO:3 

YES 

YES 

YES 

NO:) 

NO:) 

NO:3 

YES 

Parcel 4 YZ/O1 4 ' 1  1 PM 



'I'able 2.2 Yinnl Idenlificalion or Soil Consliluents or Potential Concern Tor the Construction Worker in I'nrcel 4. I 
(Exposure Point Concenlration (EPC) Compared to Background) 

11 I I I I I I I I I I 1 
Chcmical M i u m  Maximum 1.ocalion I>cteclion 95% UCL Concentration Uackground Rationale for I Conccnlralion I Concmtralion 1 IN' I ofMaximum I Frequency I ( Used for I Valuc I Conlaminant 11 

Concenlration Screenins Ilclction 

Parcel 4 12/15/00 2 38 PM 



1 3 0 1 W l I X I  I ' ~ X X ) I I I ) o  h. 1 Y l i S  1 I:::: / j 1 :::I 
I X ~ ( X I  I J I X Y I ~ X )  No 2 . 1  

7110  I N 1  
7 R l l l  ( N l  

7 R I Y Y l I X l  
R ? l H X X I X Y l l X l  

7Rl) In'Ml I 0  

RZ(XWWI0  ( X I  

I Z l K X X Y N N I  I N 1  

NO 3 
NO 1 

NO 3 
NO 3 
Y l i S  
Nil  1 



l ' r~ i i c id r~ / l ' ( . ' l 3s  I 
12-54.8 4,4'.l)l l l) 0 4 6 6 0  u&g H 4 0 9  2.21 4 0 4  660 4 2 0  Y F.S 
72.55.9 4,4'.OIlli 11 25 3 5 0  u&g MN1)22.4101 3.22 2 3 6  3 5 0  4 10\ 1 l l W  Oo(X1 d N O  2.3 
50.20.3 J,J'.IlI)T 0 19 0 25 u&g 1l41l6 1-22 5.46 0 25 13 IN) I7~WXIOi l  c N O  2.3 
309.cKl.2 r \ ldnn  0 0 7 4  11 3s u g k g  13401 6 - 2 2  2 38 0 3 5  340 ( W )  C. I NO 3 
5 7 I Alpha 1:hlordanc 1) 11.1 I I 0  tlfi'kg MN1)2? . l I M l l  1.22 6 87 1 1 0  I h I X l l  IN) C. I N O  1 
11'1.X6.H I l c l l a  I1IIC' I l l l X  5 1  I I F , L ~  Ir lNI l !? .IIIII 1 2 ;  4 0 7  5 1 I ' l iS 
f~1 l .5  1.1 I l ~ c l ~ h ~ n  1 1  ' l o  II'JII IIGL): h l l4 l l22 . . l1n l1  1.22 1'15 0 '16 ( d l  IKI c N O  I 
1121 I.(',\ c j  I.:IICI,)\UI~IO I 11115 II :I "p. it: 11.1117 1 !: 6 1 1  11 27  I ~(NXYIII IKI a. I No 3 
1121 !.I#$.') ~ ~ : ~ l d ~ ~ ~ u ~ I ; u l  11 11115 I I0 ttk:ht; k l N I l 2 !  .l lMll 4 22 .I J5 7 Ill 0. 1 NO ) I2I IXXXl1)o 
1031.117.X I i n d ~ , s u l l m  Sullatc 1 1  I 1  II $11 LIB LC h l N I l 2 ! . ~ l l f l l  2 ?! I0 :I) 0 56 Y I i S  
7J? I  .')\.J I tndr tn  ,\ldchyJc II  :x I I ' I ~  ~ j p  Ag h l N I I ? ?  4II l !  1.22 ') 111 0 9 1  Y IS 
3 4 . 7 .  l i r i d r ~ n  C;ck~nc II 24 1 1  :( 111: L g  lI.I111 2.22 10 11) 11 25 Y l i S  
I 7 4 2  (;amma ( 'h lordanc 6 1  II\H l I ' J 1  11p.1g h l N I ) ? 2 . 4 I X I I  2 -22  5 9 2  0 9 3  IG(X)o 0 0  C. f N O  3 
cn-x'1.u t iamma I l I I ( :  ( I . ~ n J : u ~ c )  1 1  l r 1 5  ocr15 ughg  hlNI)2?.41111 2.22 2 0 5  0 I 0  4 4 1 ~ 1  o l )  d. I N O  3 
1024..57..1 I lcplachlur fl I)$(, 0 .I2 k g  hlN1)22-41112 1-22 1 6 2  0 32 131x1 (XI C. N O  3 

NO 3 
NU 3 

Y 1:s 
N O  I 
Y l i S  
N O  I 
Y lis 
N O  3 
Y l i S  

N O  2.3 
N O  3 
N O  1 
YI:S 
Y 1;s 

N O  3 
Y 1:s 
Y 1:s 
Y 1;s 

N O  .1 
N O  I 
Y l i S  

I : t -  11111111 111 h u  Ingc \ l lon  N O  I . ~ 5 %  I ~ e ~ e c ~ s  

i 11 IIIII~II I 11  ICU 1rlg,.~11,~1 I~~II~~I;III,~I~ N O  2 - < l lackg tound 
I 

c .  l ~ ~ ~ c u i s r ~ f  r ~ s L  (or ~ r lges t lon  I ~ r ~ l ~ : ~ l : ~ f ~ c l r l  
I 

N O  3 - < Screening l ' o x ~ c i l y  V a l u ~  

i J ~ ~ ~ ' c ~ ~ ~ e r  r ~ r k  h)r ~ r l g c s ~ l o n  N O  2.3 - ~:l3ackground.Scrcening'I'ox1~1~y 

i l o d  c:lflc~~l IISL I,,I e ~ t l h . d . ~ ~ ~ < , r l  , C Y I C ~ ~ : I I  N O  4 - I(ssenlial I l u m a n  N u ~ r i c n l  

K ISL l l a s r d  < ;u~~ la r i cc  \':iItlrs, FIII:!~ Ucv 4,  h4;1rcl1 l W 7  and ~ ~ p d a l c d  t o x ~ c ~ l y  cr i ler la 



I 
i 

Tnhle 2.4 Final Idenlificntit,n nf Surface Stlil ('t,nslilucnl% af  IDolenlinl (:uncern lor the Sile Employee in ltnrcc; 4 



- I:~N q oo'ol~oo~ 09.c 061-8 .1!311 o9.c no'o ICIII,I .s>tr>l.i~ 
I:( IN c IN) (HIZZ 0s Z 881-z .1.3n 0s.z oz'z ~llrlll~lU~lllnIIllI~II~~~~~ I 

'i:( )N P , 0I)'S I 06'5 L6 1-31 I '1 811 06s Lt'O ~u~I~I>~~I~~I~~!I 1 

I :I IN e IN)'OS I OS'I 161-P 'I,%" 0s I 09 0 ~LI111~~1 I 

I':l IN e OO'Z I 0Z'Z 061 -60 1 lisll S I '(I JII~I~IJ~I~I~I~~I'II> 1 IIZ '2 

I :I IN r 00'69 09'0 L61-Z '11311 09'0 0s '0 ~II>ILI>~~.~~(I:.I 

I :I )N I' ; I)O'BE OO'C 1 561.8 I OO'CI (~1.i JII~~~~~IIIIIIII~I~>!( I 

I :I )N '1 I S '0 OP'S 161-6 '11311 0b.S 05 '0 IIIIO)IIIO~I~, ) 

I :I )N P , OS'P OL'l' I I- . lhI11 OL I' OZ'Z >II~I~~>IIIOII,~I~~!~~~IIIIII\I 

>l11<1111*111<l~q>~( l.S!>.<'l 

>ll>l~l>llJll~l~>~(~.~ll~ll.~'~ 

2uaqlaoJoIq>!(I-s!".i'l 

auaqlJom[q>!( 1- 1'1 

>UP~lJ~lLl~l~3l(~~ 1.1 

Z:l IN L6S'S OL'Z 01-s I OL'Z 9' I 
211 )N e IS 895'622 OO'PZZ ZI'-Of I (Hl't77 W'Z asauci311rly 

Z:ON I I I'UZPOP 01100 Z(-Zf .1;311 oww,i 00167 1un1s>u8rlv 

Z:( )N L'SS 06'2 OI-P I (I(,'? h 7 run!ql! I 
S:lA S0'l)l IH)'Ot zc.5 l 00 01. t I Pea' I 
Z:ON . IIU'P~~P O~I'IKH I I it I I $11 (H) o(,n I x 81 UOJ~ 

S3.i j,e (POP L')l'l (Ml'I'(;S 7I'-77 1 00 \OS 't I ~>ddo, ) 

I:( )N I OI' ')LO'') l0tZ it-<) 1:111 1(,1.i I HI (I.\ IIP akunw) ~II~IIUOJII.) 

b:l IN P'YJ'Ol l l l l 00 0OO')i I t I .I I I 011 OOll~~i I IHII I'O tl~n!s~r.) 

S)I.< r I 'S OL'L I I'JII OL'L '1 t lun!lupr.) 

I'Z:( )N P OIL OOZ '0 I I' 00's 1 1 bZ.L< 'I~~II 00'5 1 1 SL IIIIIUC(I 

sl.i I I'P WLZ'O oz'o~ 67-2 .!Pin oz.ov 8'2 LIIIIIU!I~~ 

C:( )N J 'r OOZOI EZS'LE W'LIPI 62-L 'lblll oV8PI 16'19 IL~IIU!IU~~V 

A!) P)seII.ls!H 



.
.

.
 .

.
 

-
?

n
+

o
 

z
s

3
-

 - 
z
z
z
f
 f 



'I'sblc 2.6 Final Identincallon or Currrnt (;roundwater <:onstitutnts or PotcnHnl <:onctrn tor the Construrtlon \ ~ o r k c r  Srrnnrio 

( [ ( ' I .  I II>I>CI ('or~lidcncc I , ~ n ~ i l  

1 . 1 ~  :- I.xl~~rvurc po i l~ t  cotlcentratn,n mirrinrunr of ')J:b lJ(:1. or ~III.~I~IUIII delcclcd conccnlralion 

N( ) ,. l lsckpr~~und \'aluc 

N(' 0 5 Y b  I i t ' [ .  II(II CRICUIIIIC~. ICIS [him 20 san~pler in tllc J I I ~ ~  scl. 







' I . ~ b l c  2.8 F lnn l  Idcnt l f icnt lon o f  C u r r e n t  ( ;roundwater (:onrtltuentl o f  Potcnt lvl  Concern  f o r  the  Sltc ~ r n ~ l o ~ c c  Srcnarlo 

11(:1. 1 ippcr ('c)nlidcncc I . i n ~ i l  

I:I'(' . n~inimuni oTO5Sb I l ( ' l .  or maxinlum dclcclcd conccnlralion 

N O  .:IIackprour~d \'nluc 

N(:-; 9!3O,b I J ( ' I .  ncrt calculntcd, lcss than 20 sarnplcr in tllc data scl 











I 
I ' ab l r  1.11 1nlll.l I d r n l l ~ c a l l o n  01 F u l u r t  ( : roundwatrr  ( :on# l l l u rn t#  01 Potenll.l C o n c e r n  l o r  t h e  S l l r  F . I I I p l 0 l t l  Scm.rl. 1 

c 1 0 '  cdr!cc~ t ~ q k  l ' tv  b~npc%t~tw NO 3 - < Kirk.[ Iacd t i u idc lu~e  Valtle 

r l  U l ~ k . l l a ~ c r l  (~IIIIICIIIIC \'.IIIICY CPICIII:IICII II~IIIR tlic 1 1 1 c t l ~ o ~ l t ~ l t ~ ~ ) 1 ,  c r l \ t , t t~ t~ )s ,  r l ~ ~ l  N O  23 . < I l a c k p o ~ u ~ d  and R i s k - l h c d  (;\udcl~ne V.Jltc 

c III hht\l!l<l SCICCII~II,:  ( ; Y  1 0 1  N O  4 . linscllhal N u l l l c ~ l t  

S t '  95'. 111'1. nil1 c r l c t i l . ~ l c ~ l ,  Ic-r tl>dll 211 <.IIIIIIIC* 111 t l x  drlla scl NO I - Ccneral Watcl  Quality 1';uarnetcr 

t ' h t < u > o w r ~  C~)IWCI\:IIIIC~~ a~s \ t~ i , c< I  11, I,e I,rr<enl I,) llte h c x a \ d c ~ t t  rtntc . . 1'l.l lt l l l l lrl l l II~IcL.IcII ,,I IICIIIIIC~ WCII, 11111 IIUt 11, I ) I I I I ~ \ IC~~C>~~  WCII 
,.. ~ ' 5 ~ o s ~ t t t ~ c ~ ~ ~  ~ l c ~ r ' t c t l  > r t  ~ u ~ ~ d ~ ~ c t ~ ~ ~ t ~  -ell, IU,~ I!! l ~ c ~ l r ~ ~ c k  wells, t c p o ~ t c ~ l  f ~ c ~ l ~ c ~ t c y  ,,I ~ t c t c c t ~ ~ v ~  lt.~scd (111 ~ I O ~ ~ I C ~ I O I I  w c h  a~~a lyses  



C : # ~ ~ i c c n l ~ a t ~ ~ ~ n  

I n  I l c d r ~ r k  

Wells 

o n ~ p a r r d  l o  111 = 
I )etccl~nn 

l lcquency 

I n  I l c d r ~ x k  

Wclls - 

411 115 

2U 10) 

111 124 
781 120 
811 117 

551 125 

871 102 

15Y 165 
511 9% 
821 120 
64 107 

6 9  l l S  - 

I ' ( ' 1  I 1ppc1 ~ c ~ n l i ~ l c ~ i c e  I IIIIII I 
;.;I' 95'. lic'l. rlall r .~ l cu l .~~cd .  I c v  I~I;III 211 s;ln~plcs In Ihc d.113 set I 

r ' t ,ra\rt l~~~r~> c~u~\cr\..~l lvely :~rsu~l lc t l  11, hc plesenl In l l ~ c  hcxa\.:~lcnl 5lalc 
* *  ~ ' t ~ n s ~ ~ l u c ~ ~ l  d r l ~ c l c d  111 1,edrrtcL u.cll. IIUI not 111 p l t~duc l~a~n  well 

." . ( 'n~is l~tucnl  tletcctrd ~n pltducllnn well. not i n  hcdr,lck u.ellr, reported liequency oldetecllnn hased on pr~duct ion wells analyses 

i 

s .YES . ; 
, , 

;, .: YES ,' 
N O  ' 

.., , 
YES 

';:.:a YES 

YES 
Y 88 
YES 
N() 

:, . Y E S  ,, 

. i  :YES 

YES : 
':, .YES 
.;:.: YES ..: 

.' .-'YES.:. - 
YES . 

,: ,, ;YES 
i .. .: . y u  ::':: 
, . , . . 

: '< . ,  . ' . '  
.:'.*r; ......... YES. :. - 
; .. YES 
i. . y e s .  .:., .. 

. ... . y ~ s  .:' ; 
. . 
::':.'YES ; 
,.::.'.<YE? [ .;. , , 

'$ ., .>.!E!. ..: 
., i :  YES . . .  

: . : < Y E S  , .  
.:.. . :  .. 
' :  ' YES ' 

N l  ) - 



Table 3.1 E~posure Auumptiom ror Siu Employe and Consauction W o r h r  Srensriot in Parrrl r 

gen averaging urnr 

'OCs and dust 

Inilalu~on n ~ c  -~ 

Exposwe frequency 

Carclnogcn avcraglng urnc 

Soncarclnogcn avcragng urnc 

nvcrslon Factor 
o n  of VOCs and dust 

S U C  C'Sa;IOr. 

nrX:rnogcn avcrag!n: tlmc 



Table 1.1 Exposure Auumptions lor Site Employre and Conseurcion Worker Sctnarios in Parcel 4 

Carcrnogcn a v c q n g  u n c  
Soncmclnopcn avcrapng :lmc 

Drrmrl contact while showrring 

S k ~ n  susiacc arca a\a~lablc ior conuct 

Convcrs~on fac~or 
Inhalation of VOCs whilr ~howrring 

Wlalal~on :ale 

I'afc ? of:  



Table  3.1 (references) 
Exposure  Assumption References 

a Soil ingestion rate Risk-Based Guideline Values. Mound Plant. Miamisburg. Ohio 
(DOE 1997c) and RAGS Part A (EPA 1989) 

b Exposure frequency Risk-Based Guideline Values. Mound Plant. Miamisburg. O h o  
(DOE 1997c) and RAGS Part A (EPA 1989) 

c E.uposure duration Exposure duration for the construction worker and site employee is 
based on Risk-Based Guideline Values. Mound Plant. Miamisburg. 
O h o .  (DOE 1997c) and RAGS Part A (EPA 1989) 

-- - - d  - Body-weight - -- - hsk-Based Guideline Values, Mound Plant, Miamisburg:Oho - - - - 

(DOE 1997c) and RAGS Part A (€PA 1989) 

e Averaging time Carcinogenic averagmg time = 70 yrs * 365 dayslyear. 
Noncarcinogenic averagng time = exposure duration (yrs) * 365 
daysly ear. 

f Inhalation rate hsk-Based Guideline Values, Mound Plant, Miamisburg, O h o .  
(DOE 1997c) and EFH Volume I, Table 1-2. 

g Exposure time ksk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. 
(DOE 1997c) and RAGS Part A (EPA 1989) 

h Air exchange rate Volume of residential homes, EFH, Volume 111. Table 17-3. 50* 
percentile air exchange rate of 0.45 air changes per hour. EFH. Volume 
111. Table 17-10 (EPA 1997). 

1 Drinlung \vatu ingestion hsk-Based Guideline Values. Mound Plant. Miamlsburg. 
Ohio.(DOE 1997c) and RAGS Part A (EPA 1989). 

j Skin surface a\.ailable hsk-Based Guideline Values. Mound Plant. Miamisburg. 
for contact Ohio. (DOE 1997c) and RAGS Part A (EPA 1989). 





'I'ahle 4.1 'I'oxirity (:riteria and other Yhvsical <:hemlcsl Values 1 - 
Rfl )  ( m ~ l k ~ l d a y )  (.'SF (kg-deylrng) I l k r n i e l  

(:onsliluent Oral  ~\djusted lnhalatlon Ornl  Adjusted Inhalallon 4 Ahsorpllon 
Hfl)o Hfl)a Kfl) i  (:Sl'o (:Sl;e (.'S F l  CSFer (;I ~ s r l b r  Kp(cnfir) 1. (hr) A hs 

Hndlonurlides I 
i\ainium-227 1 1) N I\ N I\ N A 6.261:-IO c NI\ 7.871'-OH c 9.301;-07 c NAa 1 N A 
llismulli.2'10 N A N I\ N A 7.291;-12 c NI\ 5.1211-1 1 c 0.00E100 c NA* 1 N A 
Cohal1.60 N A N A N /\ l .X1)l,:- 1 1 c NI\ 

i 
0.88I;-II c 9.7611-06 c 

I rad-2 10 N A N A N A 6.751<-10 c NI\ 1.6713-09 c I . I2E- I0  c 
Ncplu11iuri~.237 I I) N I\ N A N I\ 3.001;-10 c NI\ 3.451'-OR c 4.62E-07 c 
I'I~IIoI~I~III~.~.~X N I\ N t \  N I\ 2951.:-10 c N,\ 2.7411-OX c 1 9411-1 1 c NA* 1 NA 
I'lu101iiu111.2.l')!2~10 N ,\ S :\ N ,\ I l(~l.:-lO c N,\ 2.781.-OH c 1.201~~-11 c NI\* I N /I 
KnJii1111.226 N I\ N ;\ N ;\ 2 l l O  c NI\ 2.751..00 c 6 741.-06 c Nt\* I N A 
K;ldit1111-22X 1 I) N:\ S:\ S ,\ .I 791.-10 L' N,\ ') 7x1.-I0 c 9.481;-06 c I 
SIror~lil~ni.?O t 1) S:\ s ..\ ?i ,\ l l  c NI\ 0 0 I c 0 001. 100 c 
'l11oriun1-227 N:\ N:\ N ,\ 1 0 1 l l l  c NI\ 4.3 111-00 c 1.741,:-07 c NI\* I , N i l  
'Il~oriuni-228 +I) N I\ N:\ N ,\ 2 .Ill.;-10 c N/ \  ').6Hlt-OX c 6.201<-06 N A 
llloriuni-220 I) N 11 N ,\ N I\ 1 ..141~;-00 c NI\ 2.3811-OH c 6.741-06 c NI\* , 
'111orii1111-232 + 1) N I\ S ,\ N I\ 5 121.:-10 c NI\ 1.171.;-07 c 9.48li-06 c NA* N A 

NA' 1 NA 

I'1iliu111 , N:\ N ;\ N I\ 71!1~:.14 c N,\ 0 5 0 -  4 c 0.001' 100 c 1 .OO c I.SOI<.05 
I ~~; I I I I~ I I I~ -~J~ N I\ N I\ N ,\ 4.441,:-1 1 c NI\ 1.4013-011 c 2.1413-l l c NA* N A 
I II~II~~IIT~-233 4 1 )  N ,\ N I\ N I\ 4.701~-I I c N/\ I.JOI<-OR c 1.7213-1 I NA* i N I\ 
I lratii\1ni-2.1H 1 I) N I\ N:\ N /\ 1.431,:-00 c NA 5.0813-08 c 7.01E-06 c NA* I N A 

Nt\-. Not ~\vailnhls ! 
a NCI;I\ I 

h: IRIS 
c 7.1 I l:\S'l' : 
d. values ct;rl1pilcd tiy OKNI.. I)OI<-OI{.Ill<l) s i lc  arid prssc~ilcd on HI\IS wch page. 
c-l)cnnal lisposl~rs :L~S~SSIIICIII I'rinciplss and ,\~)~Iicalions. 1992. I<I'N600/R-9I/OI I I t  for Kp and lag linic 
f .vaIt~ss prb\.idcd hy hlark Johnson (JSI1I'!\ Ibr Ilic I ) ~ a n  I)crniaI Risk hcssmenl  (iuidance for KA<;S 
Nt\* I II,;I\S~I' docs 1101 rccomriicnd adjusling CSI:o lor dcrlii;~l 



'l'ahlr 5.1 'I'olal Hrsidurl Kisk h r  a (:ut~rtrucliun Wurker Esposed lo  Soil in I'arcel 4 ' 

1 CAN(:KH KE'E'K(?I'S 1 1 NUN-CANC:I.:H I.:YE'E(:'I'S 1 
' Koutc-Specific Hisk C'anccr Roulc-Specific I IQ Non-Cancer 

( h r l  I)crnial Inllalalinn Inhalali~rn I:xtcrnal Risk Oral l)crmal lr~halalion lnhalalion lixlcmal 111 
I)usl VoCs 'l'olal I )us1 VOCs 'l'olal 

. b:l'c 

l '~*%ti<idt-$ 
I:II~I~I~ ,\Idch!.de 0 000')3 $ :\ N :\ N:\ N;\Ib NAI' N I\ N I\ N I\ N I\ Nhl '  NAI' N A 
1,:11dti11 ticlot~c 0 I I I I I IXO  6 ;\ S:\ N:\ N:\l' N;\l' N ,\ NA N A N /\ NI\I' NAI' N A 

N /\ 
3 31:.07 
.I .JI.:-on 

N(: 
4.61:-I0 
2 51;-OR 

NC: 

NAI' 
Nt\I1 
N/\I1 

NAI' 

N,\l' 

NIU' 
NAI' 
NAI' 
Nhl '  
NAI' 
NI\I' 
NAl' 

N N '  
NAI' 
N N '  

NIU' 

NAl' 

N/\I1 
NAI1 
NAI' 
N1\l1 
NAI' 
NAI' 
N N '  

8.81;-08 
I . I l i - I 0  
4.41:- 10 

1 .01:-05 

7.51:-06 

N A 
N A 
NA 
NA 
N A 
NA 
NA 

N N '  
Nhl '  
N N '  

N N '  

N N '  

NAI' 
NAl' 
NAI' 
N N '  
NAP 
NAI' 
N1\l1 

NAI' 
NAI' 
NAl' 

Nhl '  

Nhl '  

NAl '  
NAI' 
NAI' 
NAl' 
NAP 
NAI' 
NAI' 

NA 
NA 
NA 

NA 

NA 
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.l'ablc 5.9 C'urre~lt l ~ l c r c n ~ e r ~ t a l  Residual Grourldwatcr Risk for the Co~lstruction \tlorker Sccnario 

1 CANCb;H EFFECL'S 1 I NON-CANCER EFFECL'S 1 
Route-Spccific Risk Cancer Route-Specific I IQ Non-Cancer 

Oral 1)crmal Inhalation Kisk Oral Dermal Inhalation I I1 
Total V°C(showcr) ~ o t a ~  1 VOCS 'rota1 
KI'C 

hletals 

Antitlion!. 

Cadrnium 

Copper 

N A N A N AI' N A 9.7E-01 l .(I;-01 NAI' 1.1E+00 

N A NA NAP N A 1 . 0 - 0  3.3,l:-02 NAI' 1.41;-0 1 

N A N A NAI' N A 5.31:-03 5.715-05 NAI' 5.315-03 

Kadionuclidrs 

'I.hciriut11-230 2.1 11-06 N A NAI' 2.1 1.:-06 N A w N AI' NAI' 

'l'O'I't\ I ,  2.1 E-06 N A NN'  2. I E-06 I. I E+OO I .9E-O I NAP I.JE+OO 

mgll. 

N A 

N AI' 

NC 

pCi/l. 

v o c s  

Milligram per litcr. 

Not a\'ailablc: i~isutlicicnt toxicity data. 

No( applicable pathwa)'; not a VOC. 

Not a suspected carcinogen. 

I'icocuries per litcr. 

VoI:~lile org:iriic col~ipounds. 

1 211 5/00 1 2:57 I'M 



'l'able 5.10 Current Total Residual Groundwater lt isk for Site En~ployee Scenario 
I 

I 

. . 
((:/\NCKK EFFECI.S ] I NON-CANCI.:H EFFECI'S 1 
Route-Specific Kisk Route-Specific l.lQ NonKhncer 

Constituent Oral Risk Oral I I1 
Total 'I'otal Total 
EPC 

nlg:l. 
N A 
NAI' 
pCill. 
vocs 

Milligrani pcr litcr. 
Not available; insullicicnt toxicity data 
Not applicable pathway; not a VOC. 
I'icocurics per litcr. 
Volatilc organic cotiipounds. 
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I 

Table 5.11 I.'uture Tolal Groundwater Risk lo r  the Construction Worker Scenmrio I 

- 

I CI\NCEK\ 1 NON-CANCER EFFECTS 1 
Route-Spec~fic Klsk Cancer Route-Spcclfic HQ Non-Cancer 

C o r ~ r t ~ n ~ c ~ ~ t  Oral I)ent~al Inhalat~on Risk Oral Dermal W~alat~on 111 

Total voc(,....) rota1 VOCs Total 

EPC 

NAl' 
NAI' 
NAI' 
NAI' 
NAI' 
Nhl '  
NAl' 
NAI' 
NAI' 
NAI' 
Nhl' 
NAI' 
NAI' 

NAP 
NAI' ! 

NAI' 
NAP I 
NAI' , 

N A P ,  
NAP 1 
NAP 
NAI1 ' 
NAP i 
N A P ,  
NAI' , 
NAI' 1 

NAI' 
NAI' 
NAI' 
NAP 
NAI' 

7.51:-OX 
NAP 

NAI' i 
NAI' 
NAI' , 
NAP 1 
NAI' , 
NAI' 

NAI' i 

hlilli!pa~i per litcr 
Not available: msulTic~cn~ tox ic~~y  rla~a 
No1 al~l~ltcable pathway. not a VOC 
I'~cocu~tcs per litcr. 
Volallle organic cornlwumds 
Ctuorn!llrll was consewat~vely assu~ne~l to be m lllc hexavalent state. 



Table 5.1 4 Future IBnckgrou~~d C;oundwuter Risk ror IIIC Construction \\'orkcr Scenario I 

I 

I (:ANCEK EFFECTS I I. NON-CANCER EFFECTS 1 
Koutc.Specific Kisk Cmcer Route-Specific I IQ I Non-Cimcer 

Oral Dermal - Inhalation Kisk Oral Dermal Inhilation 111 

Total Voc~,,.,) Total V,OCs Total 

EPC 1 

NAI' 
N N '  
NAI' 
NAI' 
NAI' 
NAl' 
NAI' 
NAI' 
NAP 
N/\I1 
NAI' 
NAI' 
NAP 
NAP 

N N '  

NAI' 
NI\I' 
N At' 
NAP 

1.78-09 
NAI' 
NAP 

1 7E-09 

NA 
NA 
NA 
N I\ 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

'NA  
N A 

3.M-07 

5.01;-08 
2 21:,-07 

NA 

2.OE-07 
6.6E-06 
4.48-08 
1.2E-06 

8.7E-06 

ytu' 
NAP 
NIU' 
NAP 
NN' 
NAP 
NAP 
NAP 
NAP 

NU 
NAP 
NAP 

NM 
NAP 

I 
I 

NAP 
NAP 
NN '  
NAP 
NAP 
NAI' 
NAP 

N(\P 

OOLjtOO 

M~ll iparn per liter. 
Not ;~va~lable: insuflicicnl l r~xic~ly dat;~ 
Not applicable pathway, not a V O C  
Not a suspected carcinogen. 
I'rcocurle% per liler 
\'olat~le orgmlc compounds 

(: l i r t )~i~~uni w a  conscrvativcly assumed ti1 he In the hcxavalenl state. 



'l'nblc 5.15 Vuturc Incrcmenlnl C:rclundwater Risk Tor the Construction Worker Scenario 

Constituent 

1 CANCER IiVVECI'S 1 I NON-CANCER EFFECSS I 
Koute-Specific Risk Cancer Route-Specific l lQ Non-Canccr 

Oral Ilcrmal Inhalation Risk Oral Dermal : Inhalation I I1 
Total \'OG .,,-...-, Total VCXs 'folal 

Inoreanics 

:\lunlinum 
, ~ht in iony 

I3cnllium 
Ijisn~uth 
Cadmium 
Chromium \'I* 
Coppcr 
I . i l l~ iun~ 
hlangancse 
hlnl!.bdcnurn 
Nickel 
'I'hallium 
Vanadium 

N/\l' 
NI\~' 
NAP 
N Al' 
N N '  
N N '  
N N '  
N N '  
NAP 
N N '  
N N '  
N N '  
N N '  

! N N '  
N/U' 

I N N '  
NAI' 

1 N N '  

N N '  

1 NAP 
N N '  

I N N '  
: N N '  
i NAI' 

NIU' 
/ NN '  

p(:i/l. I 

0.6042 2.61:-07 N I\ N,\I' 2.61;-07 NA N h Nl\I' N /\ 
0.3427 I .XI:-08 NA NAP I.XI~-OX NA NA 1 NAI' NA 
1.7561 5.11:-07 NA NAI' 5,111-07 NA NA NAl' NA 
I.426l 2.41:-06 NA NAP 2.4li-06 NA NA i NAI' NA 

-0.1303 -X.01:-08 NA NAI' -X.91;-08 NA NA I NI\I' N I\ 
05??0.0230 5.81:-06 2.81;-04 7.31:-OX 2.91.:-04 NA NA ! N1\l1 N h 

7.')3X3 4.clli-07 N I\ NAI' 4.41:-07 NA NA Nl\I' N A 

III~!~. h l i l l i g r a ~ ~ ~  pel l i l c~ , ,  

X :\ Sot availahlc: insullicienl roxici~y data. 

X:\I1 No1 applicahlc pathway; not a \'O(:. 

$( ' $111 a s~~sl)cclcd carcinogen. 
p('i ' l, I'icocu~ic'i per lilcr. 
\'( )<.s \'ol.~lilc organic compounds. 

('hroniiuni was conscnativcly assunled In be in tllc hexavalent stale. 

Sotc: Xegari\.c risk \.aluc~ wc~c riot added into tlic total incrcnlcnlal risk. 



Table 5.16 Future Tota l  Ke5idual (:roundwnlcr Risk for  Site En~ployec Scenario 

[CANCER E:FFEC.TS I I NON-CANCER EFFECTS 
Roulc-Specific Risk Kouk-Specif ic I IQ  NonCancer ' 

Constilucnl Oral Risk Oral 111 1 

cis- l.2-l)ichlortiethenc 

I .? . I )~chl l~roc lhc~~e 

I ) ~ c h l o ~ ~ ~ ~ ~ ~ c . ~ l i i i ~ i e  

' l ' ~ ~ c l ~ l o ~ o c . l h c ~ i c  

EI'C 

0.OOO7 N A  N A  6 RI:-04 6 81:-(!4 
0 0095 N A  N 11 1 01:-02 I .Oli-02 

1 

1111156 J I I.:.II~ 4 I 1:.i17 2 s1t.03 2.51i-n3 
1 1  l)tUIl I 5l:.ll7 1 51:.07 h 5l:.(l.3 6 (I<-03 1 

hlilligrnrn per liler 

So l  a \ t i~~l ;~hlc .  ~ ~ i s u l l i c ~ e ~ ~ t  to.xic11y d~1t11 

NOI :lppllc:thle pitlhwily. no1 ;I V(X: 

NCII a suspcctcd c;uclr~<,gc~~ 

VolI l t~le ~~ rgan ic  ccmpounds 

Chron~lurn was c~lnsen;l l~vcly I~ssunicd to bc in  thc hexavalent stale 

COI'C li)r culrcrll grou~idaater, therefore, rctsincd as future COPC 

I 



Tahle 5.1 7 Future Background Residual Groundwater Risk for Site Employee Scenario 

I 
ICANCER EFFECTS 1 [ NON-CANCER EFFECTS I j 
Route-Specific Risk Roule-Specific HQ Non-Cancer 

Constituent Oral Kisk Oral H I  I 
Total Total Total I 

RI'C I 

cis-l .!.l)ichlnroethcne 
I .?-l)~chloroethene 
0ichlortimeth;vrc 
'l'rtchl~rroethcne 

,\lun~~riurri 
thttniony 
Ilcg'll~urn 
~11511111111 

t::ldrlllulll 

(:hrornturn VI* 
Copper 
1.1thturn 
hliuigancse 

Ilolghdcnuni 
N~ckcl  
'l'h;~Iltuni 

Radionuclides 
,\ctin1urn.?27* 1)'' 

l'lutt~ri~um-238 

I'luton1ini-?.19/241** 
Kadlum-226 
Kad~urn-228. I) 
Strontiurn.90 
'l'hortum-228 9 I) 

'l'h~1r1urn.230.I)' 
'I'hor1urn.?3?. I) 
'I'r1t1ur11 
L,;rsantuni-234 

h.l~lligr;vn per l~tcr 
Not av:iilablc, insullicient toxicity d:tta 
I '~c#~cut~cs per liter 
Volat~lc nrgantc cornpc~unds 

(:li,oni~uni w;is consen.;tttvcly ;asunied III he In the hexavalent state 
COI'(: fnr current grnundwater. therefore. retained x% future COI'(:. 





Table 5.19 Total Residual Risk for Parcel 4 Summary Table 

bls - below land surface 
NA - Not applicable 
'RRE values for air were brough~ li>r\r.ard from the Technical I'osition Report for Release 13locks I) and I!. (DOE 1999). 

Numbers written as 1 .OE-03 eclual I X I  0.' 



Table 5.20 Background Residual Risk for Parcel 4 S u r n m a q  Table 

Total Carcinogenic 
Risk ELCR 

$~~~y~::~-~:~i:;:.:::.:.:i-ii::;I; 

1.6E-06 
N A 

2.8E-10 

N A A 

5.3E-06 

. - 

bls - below land surface 
NA - Not applicable 
'RRE values for air were broueh~ li~rivard from the Technical Position Report for Release Blocks D and 11. (DOE 1999). 

Numbers written as 1 .OE-03 cqual ls10.' 

Total n'oncarcinogen 
Risk HI 

Scenario and 
Receptor 

Cnnstituents ,Media Pathwav 
.$;:::~2:;:?;;<.:i2;.y$;z :;.; >;,;; * >.--.z..s ?::. ., ,,.. ., ,.- 

Construction 
Worker Scenario 

+>?< 3;s2 ?;;sz:<, ;Fj&~;,.$ ..,.,. .........., .-..:xyvA<.: ~ ,<" .<:-.,.,?,>. 

Soil (all sample 
depths) 
Current 

and 
Future 

;,:*.x;::3y* ;.$..::2 <x:>?;>s:: <y:w?:v<;+;<x.5:-; 5;g,s.<;:s+>q<<>. <; ;%.:: :.: <.:.>:<:A;* :;;>..3i:,.x.: ..\.: ,.x.: :..,> ...,.. ... : .:>y y.>+>.:>.;j:<*,>..: .:i.-....~~...v....., .............. ...,..- ~ ::::&\:rk(:,..:..l;:..;.;.i:jiiii:iiv:~ .... ,.. . " . ~ .  $...<?,? F~~::~2:<~::<.:::s?x:i:3:,~ .. . . ,. ..... ..... 

2.7E-02 
4.OE-05 

N A 
N A 
N A 

Chemical and 
Radiological Ingestion 

Dermal Contact 
Inhalation of Dust 
Inhalation of VOCs 
External 



Table 5.21 Incremental Residual Risk for Parcel 4 Summary Table 

-- 

bls - below land surface 
NA -Not applicable 
*RRE values for air were brought for\vard from the Technical I'osition Report for Release Blocks D and 11. (DOE 1999). 
** For Future Groundwater. incremental risk resulted in negativc values for se\vral constiuents (manganese. cis. 1.2-dichlorocthcnc. and 
thorium-232+D) carried through the K R I .  l'he negati\.e incremcntal risk \vas not added inlo the total incremcntal risk. 

Numbers wrinen as 1 .OE-03 equal I ~ 1 0 . '  
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SOURCE 
MEDIA 

RELEASE 
MECHANISM 

EXPOSURE 
MEDIA 

EXPOSURE 
ROUTES 

! 
I HUMAN 
I RECEPTORS 

- . -. . . . .. - . . - - . - - . - . . -- . - . - 
INHALATION (VAPORS) 

AIR . - - .- - - .- . - - - 
INHALATION (RADON) 

- - - - - -- I - 

CURRENTIFUTURE 
CONSTRUCTION WORKER 

ADULT 

INGESTION • 
DERMAL CONTACT • - 

INHALATION (FUGITIVE DUST) • 
EXTERNAL RADIATION • 

CURRENTIFUTURE 
SITE EMPLOYEE 

ADULT 

INGESTION - 
DERMAL CONTACT - 

SUBSURFACE SOIL -+ 
INHALATION (FUGITIVE DUST) - 

EXTERNAL RADIATION A 

• COMPLETE PATHWAY EVALUATED QUANTITATIVELY 
0 COMPLETE PATHWAY EVALUATED QUALITATIVELY 
- INCOMPLETE PATHWAY, NOT EVALUATED * NO VOLATILE COPCs IN AREA 

Figure 3.1 
Conceptual Site Model for the l'arcel4 RRE 
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Evaluation of Potential Cumulative Exposure -Air 



A1.1 EVALUATION O F  POTENTIAL CUMULATIVE EXPOSURE - AIR 

Potential exposure to contaminants originating from outside Parcel 4 that may reach a receptor in 
the Parcel 4 are termed potential cumulative exposures. Ths appendix presents potential 
cumulative exposures that may come 'from air. 

Airborne contaminant concentrations were measured at the Mound Facility in 1994 during 
various site restoration activities (DOE, 1994). Both radiological and non-radiological data were 
collected. It is assumed that the measured concentrations would represent an upper-bound air 
concentration. These data are shown in Table Al-1. h s k s  due to inhalation of the radionuclides 
by construction workers and site employees were calculated and are also presented in Table A1 -1 .  

- _ _  - -  
The calculated risks attributable to the potential upper-bound exposure of airborne contaminants 
would total 2.OE-07 for the construction worker and 9.8E-07 for the site employee. Note that the 
potential exposures and associated risks are based on the assumption of long-term consumption of 
this upper-bound concentration that was measured during site restoration activities. 

Table Al-1 Concentration of Radionuclides in Air in 1994 (EG&G Mound 
Applied Technologies- Mound Site Environmental Report 

for Calendar Year 1994, pg. 4-15 to 4-17) MLM-3814 

t Error limits arc estimates of the standard error of the estimated means at the 95% 
confidence Icvcl. Values given are from the location on the sitc with the highest 
concentration (bascd on the average of tn.0 or more samples). 

* *  Calculatcd risks assumed that the maximum concentration sho\vn here was the C,,, valuc 
needed for the calculation of risk by inhalation for construction ~vorkcrs and sitc 
employees. 

Radionuclide 

Tritium oxide (H-3) 
Plutonium-238 
Plutonium-2391240 

Note: Calculation and nicthodolog\. information is pro\~idcd in Appendix D of thc Rclcasc Block 
D RREM, December 1996. Risk from air \\:as not rccalculatcd. 

h s k s  to Construction 
Worker* 

1.8E-08 
1.75E-07 
2.5E-09 
2.OE-07 

Masimum 
Concentration* 

(pCi/mL) 
7.54 i 4.61E-12 
259.65 * 289.58E-18 
3.50 i2.75E-18 

h s k s  to Site 
Employees * * 

9.OE-08 
8.8E-07 
1.2E-08 
9.8E-07 Total I 
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Potential Future Maximum Concentrations of COPCs in Groundwater 

This Appendix describes the steps completed to estimate the potential future concentration of 

contaminants in the Mound Plant Production Wells. In summary, very conservative estimates of future 

contaminant concentrations were developed by assuming all contaminants currently detected in the 

Bedrock Aquifer of the Mound Property would migrate to the Buried Valley Aquifer (BVA), from which the 

Mound Plant Production Wells withdraw potable water for Mound facility use. The calculated potential 

bedrock contaminant concentrations were then added to the current contaminant concentrations in the - _ - _ _  - ~_ _ _  - - - . . _ -- 

Mound Plant Production Wells to obtain the estimated future contaminant concentrations. 

The techniques used to forecast future contaminant concentrations were purposely designed to 

represent the most conservative (wont-case) future scenario possible. This overly conservative approach 

assures no significant chemical of concern would be prematurely removed from the risk evaluation 

process. The steps completed to develop this initial "model" of the future contaminant concentrations in 

the Mound Plant Production Wells are summarized as follows. 

1. Using established groundwater flow net analysis techniques, a topographic map of the 

bedrock surface underlying the Mound facility was used to create 20 evaluation areas of similar 

size termed "flow tubes." Ground water flow within the Bedrock Aquifer was assumed to 

generally follow the topography of the bedrock surface. The flow tubes were delineated based on 

drainage patterns suggested by the bedrock topographic map (see Figure B-1). Within each flow 

tube it is assumed ground water flows in the same general direction, on a slope of the same 

general gradient. Based on topography and gradient, ground water from the majority of these 

flow tubes will eventually flow into the BVA. Although several of the flow tubes do not appear to 

contribute to the BVA directly, they were considered to contribute to the BVA to make the future 

scenario as conservative as possible. 

Evaluation of Groundwater Exposure for Mound RREs 
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2. All contaminant concentration data from bedrock wells currently maintained or archived in the 

MElMS database were examined for each flow tube. The maximum concentration of each 

analyte for any of the bedrock wells or selected bedrock seeps was assumed to be representative 

of the contamination within the flow tube. This maximum concentration was multiplied by the 

volume of water per unit time that flows within each flow tube in order to determine the mass of 

each contaminant that could be contributed to the BVA production wells. 

- . _ _  _. - . . .  _- __. . - - -- - - - -  - ~ 

--.-- ~ 

3. The total flow of each tube was determined by measuring the width and the gradient of the 

flow tube from the bedrock topographic map. These were multiplied by the assumed thickness of 

the bedrock aquifer (40 feet), and by the assumed hydraulic conductivity (0.1 feetlday). The 

product of these values is the volume of ground water flow per flow tube per unit time. 

4. The maximum concentration of each analyte from each flow tube was applied to the total flow 

of each tube to determine a potential mass of contaminant entering the BVA per year per flow 

tube. 

5. The contaminant mass from each flow tube was summed to provide the total potential mass 

of each contaminant contributed by the bedrock aquifer to the BVA per year. 

6. The total mass of each contaminant was divided by an assumed Mound Plant water use of 

260,000 gallons per day (94,900,000 gallons per year) to obtain the theoretical concentration of 

the bedrock contribution for all bedrock contaminants. Therefore, the very conservative 

assumption is made that the masses of contaminants that enter the EVA from the bedrock 

contribute to the production wells without any dilution or degradation. 

7. This theoretical concentration was added to the current concentration of contaminants 

observed in the Mound Plant Production wells to obtain the theoretical worst-case future ground 

water concentration. 

Evaluation of Groundwater Exposure for Mound RREs 
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This approach .represents the most conservative scenario possible using currently available 

ground water data. A more realistic estimate of the future ground water concentrations would require 

consideration of dilution and degradation of contaminants within the bedrock and the BVA aquifers, 

quantification of the adual amounts of bedrock water intercepted by the Mound production wells and 

replacement of the maximum contaminant concentrations with more representative values. 

Table B-1 lists all contaminants of potential concern detected infither a bedrock well, seep_ora.__ . _. _ .. - - . - - - . _ _  . . _ .  .. - . -  - 

Mound Plant Production well, their respective concentrations, and the calculated combined estimated 

future maximum concentration. 

Antimony - An Example 

The wells and seeps selected to best represent the water quality of the consolidated lithologic 

units beneath the Mound are summarized in Table 8-2. Upon review of the data in the MElMS database 

for these monitoring locations, antimony was detected in the bedrock monitoring wells and seeps in 21 

out of 122 analyses for this parameter. All designated wells and seeps were assigned to specific flow 

tubes. The highest concentration measured in each monitoling well or seep within a flow tube was used 

to calculate a potential annual contribution of antimony to the groundwater. Table B-3 summarizes the 

water volume and concentrations used to project antimony loading to the Mound production wells. 

As shown in Table B-1, the calculated COPC concentration obtained from the flow tube model is 

added to the existing concentration measured in the production wells. It is this potential future maximum 

constituent concentration which is the RRE modeling process. 
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Table B-1 . 

Estimated Future Maximum Constituent Concentrations in the BVA 
Bedrock Flow Tube Model Results 
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Constituents in Production 
and Bedrock Wells & Seeps 

1,2-cis-Dichloroethene 
1,2-Dichloroethene 

- - --A.cti"ium-227. 
Aluminum 

Americium-241 

Bedrk. Contribution 
to BVA 

(mgIL or pCiIL) 

0.0007 
0.0023 

- -- - 

1.9876 
1.8656 

Current Production 
Well Concentration 

(mg/L or pCilL) 

0.00122 
0.00720 -- -- - 

0.5000 
0.0741 0 
0.0300 

Est. Future 
Max. Conc. 

(mg1L or pCi1L) 

0.001 87 
0.00945 
0.5000 

2.061 72 
1.8956 
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Table 8-2 

- 

Locations and Details of Water 
Used in Bedrock Flow 

Quality 
Tube 

Depth into 
Bedrock 

(feet) 

7.5 

6.0 

13.0 
- -.56.5-- 

39.5 

27.5 

69.5 

15.0 
28.5 
3.0 

11.5 

6.5 
17.0 
12.5 
8.0 
19.0 
26.0 
19.0 
19.0 
33.0 
16.7 

11.5 
12.0 
28.0 

12.0 
17.8 
29.0 
24.0 
12.4 
8.0 
5.0 

- 

Monitoring Sites 
Calculations 

Comments 

Abandoned - Historical Data Only. Use 
in Flow Tube 1 1 

Abandoned - Historical Data Only. Use 
in Flow Tube 12 

Use in Flow Tube 11 
Use-in-Elow-Tube 15. At-top-of-recharge 

area. 

Use in Flow Tube 15. At top of recharge 
area. 

Use in Flow Tube 15. At top of recharge 
area. 

Use in Flow Tube 15. At top of recharge 
area. 

Use in Flow Tube 12 
Use in Flow Tube 12 

Abandoned - Historical Data Only. Use 
in Flow Tube 13 

Abandoned - Historical Data Only. Use 
in Flow Tube 12 

Use in Flow Tube 13 
Use in Flow Tube 9 
Use in Flow TI :be 20 
Use in Flow Tube 13 
Use in Flow Tube 13 
Use in Flow Tube 7 
Use in Flow Tube 8 
Use in Flow Tube 20 

Use in Flow Tube 15. In discharge area 
Use in Flow Tube 4. At top of recharge 

area. 
Use in Flow Tube 4. 
Use in Flow Tube 6 

Use in Flow Tube 6. At base of Flow . 

Tube in discharge area 
Use in Flow Tube 6 
Use in Flow Tube 6 
Use in Flow Tube 3 
Use in Flow Tube 5 
Use in Flow Tube 6 
Use in Flow Tube 12 
Use in Flow Tube 6 

- . . . . . .~. 

Well 
Depth 
(feet) 

Flow Tube Well I 
Seep I.D. 

Screen 
Length 
(feet) 

Parcel 

Bedrock Monitoring Wells 
3 0034 (a) 

0035 (a) 

0112 
01 13 

01 14 

0115 

01 16 

0117 
0120 

0227 (a) 

0242 (a) 

0312 
031 8 
0322 
0323 
0324 
0325 
0326 

. 0332 
0335 
0351 

0354 
0372 
0380 

0381 
0382 
0399 
041 1 
PO04 
PO21 
PO24 

- ~~ 

8 

8 

7 
6 

8 

8 

8 

8 
8 
8 

8 

8 
7 
7 
8 
8 
7 
7 

MMClC 
Off Site 
MMClC 

4 
8 
8 

8 
8 
4 
5 
8 
7 
9 

11 20.61 

12 20+ 2 

11 1 36.70 1 10 
_ -.3_ -  recharge -.-55.72-- 

Area (upper) 
3 

(lower) 
Recharge 

Area 
51.31 3 

(upper) 
3 

(lower) 
15 40.25 10 

10 Recharge 
Area 

81.95 

12 1 18.10 1 10 . 

12 132 .86  1 1 0  
2 13 35.29 

12 15.36 2 

13 1 3 4 . 5 0  1 1 0  
9 131 .07  1 1 0  
20 1 56.27 1 10 
13 1 17.53 1 5 
13 1 19.82 1 5 .  
7 131 .93  1 1 0  
8 1 35.06 1 I 0  
20 1 31.56 1 10 .  
15 1 54.51 1 5 
4 21.39 10 

4 1 26.06 1 -  10 
6 1 64.16 1 10 
6 

6 1 3 9 . 5 9  1 1 0  
6 1 37.25 1 10 
3 1 34.93 10 
5 1 39.70 1 10 
6 1 6431 1 10 
12 1 33.08 1 5 
6 1 42.58 1 5 

. ..- 

63.08 10 
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Used in  Bedrock Flow Tube Calculations 
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Depth into 
Bedrock 

(feet) 

Screen 
Length 
(feet) 

Comments Well I 
Seep I.D. 

Use in Flow Tube 6. At base of Flow 
Tube in discharge area 

Use In Flow Tube 5, although very 
- -  - -- - shallow - -- - -- 

Use in Flow Tube 14 
Use in Flow Tube 18 

Flow Tube Parcel 

Interface Monitoring Wells - Partially 
Screened into Bedrock 

a - abandoned 

Well 
Depth 
(feet) 

6.5 031 4 
I I 

6 8 

2.0 
- - - - 

NA 
NA 

45.47 10 

0353 5 
- - -  

8 

NA 
NA 

22.12 

Bedrock Seeps with 
Annual Flow 

5 
- - .  

60 1 
607 

14 
18 

8 
3 

NA 
NA 



Mound Water Use: 
260000 gallonslday 
94900000 gallonslyear 

359224970 literslyear 

Table 8-3. 
Contribution of Antimony Attributed to Bedrock -derived 

Groundwater for the Future Maximum Concentration 

Projected Antimony contribution from bedrock 
to the BVA: 0.003387 mg1L 

Evaluation of Groundwater Exposure for Mound RREs 
February 2001 

Annual Bdrk 
Contribution 

(mgl~r)  

21 165 
17571 
2001 0 

- - 6296 - - 
45042 
39367 
3433 
10622 
5501 3 
68578 
6947 
2653 
64844 
49068 
19447 
23201 

358788 
209308 
184076 
11166 

60830 
1216595 
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Evaluation 
Parameter 
Max. Conc. 

(mgw 

0.0067 
0.0067 
0.0067 

- _ 0.0018 - _  

0.0076 
0.0076 
0.00075 
0.002 
0.01 6 
0.01 6 
0.0023 
0.00062 
0.01 76 
0.0302 
0.0062 
0.0062 
0.041 6 
0.0416 
0.041 6 
0.0058 

0.01 32785 

Flow Tube 
(#I 

1 
2 
3 

- - 4 .  
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

Averages 
Totals 

Flow Tube 
Discharge 
(literslyr) 

31 58986 
2622525 
2986588 
- 3497913 
5926541 
51 79894 
4577574 
531 1033 
3438297 
4286151 
3020572 
4278420 
3684327 
1624763 
31 36537 
3742041 
8624724 
5031433 
4424896 
19251 59 

4098873 
81 977457 
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Calculations for Updated Screening Guidance Values 



The following equations w u c  used to calculate ncw soil guideline valucs in accordance uith thc methodology prcscnred in Risk Baxd Guidclinc \'alucs. 
Mound Plant. March 1997a 

Thc cquat~ons arc the same for construction unrkcr and s ~ t c  employcc sccnanos. only Ihc input paramctcn to the cquations arc different 

Soil Cancer Risk Based Guideline \'slues (RBC\') are calculated by the following equation for 

RBGV (m&)= TCR x BW x AT x 365 

EF x ED [CSFo x CFI x IRsoJ) - (CSFi x IRair x (IIPEF- IIVF)] 
Where- 

Soil Cancer Risk Based Guideline Values (RBG\3 are calculated by the following equation for 

Radiological Constituents 

RBGV (PC~%)= TCR 

(EF x EDlx [(CSFo x CFl x IRsoil) - (CSFi x CF? x IRair x (lIPEF+ INF))]) - (ED2 x CSFcx x ( I - k )  x Tc) 

Where: 

ITe- IGamma Expnrwc TMC Factor I 1'24 unitlcss ] 8124 urutlcss 

Soil Son-cancer Risk Based Guideline Values (KII(;\') are calculated by the following equation for 

Sonradiological Chemicals 

RBGV (mop)= Tlil r R\V x :AT x 36? 

Gk' x !<I> I l l 'RIlh~ x CFI x IRsod) . ((IIRfD) \ IRar x (l~l'I<F- ll\'F)] 
Whcrc. 



TOXICITY VALUES FOR S O I L  GVS 1 1 

Constirucnt 
RID (nlgkglday) 

Oral Adjustcd Inhalation 
CSF (kg-daytmg) 1 

Oral Adjusted Inhalation 
I 

RfDo RfDa RfDi CSFo CSFa ! CSR 

PAHs - 
Dibcnzo(a,l~)ant llraccnc NA NA NA 7.3E+00 NC 3 IE+OO 
Fluorcr~c 4.OE-02 NA NA NC NC " NC 
Indeno( 1.2.3-cd)pyrcnc NA N A N A 7.3E-01 NC NC 
Bi~(2-~thylhc~yl)p11tl1aIi1t~ 2.OE-02 2.OE-02 NA 1.4E-02 1.4E-02 ' NA 
Fluoranrhcnc 4.OE-02 3.4E-02 NA NC NC ( NC 
b r c n c  3.0E-02 2.6E-02 NA NC 1 NC 

NC I 

Pesticidcs 
Aldrin 
Alpha C l~ lo rd ;~ l~c  
Dclt;~-Bl-IC 
El ldosul f ;~~~ I 
E ~ ~ d o s u l f ; ~ ~ ~  I I 
en do sulfa^^ Sulfi~tc 
Endrin Aldcllydc 
E l ~ d r i l ~  K c r o ~ ~ c  
G ~ I I I I I I I ~ I  Cl~lord;~llc 
G;IIIIIII;I Bl4C (l i~ld;~nc) 
t-lcpti~cl~lor 
I-{cptacl~lor cposidc 
h l c t l ~ o s ~ ~ c l ~ l o r  



Constitucrit 

I TOXICITY VALUES FOR SOIL GVS I 
RfD (111@g/d;ly) CSF (kg-daylmg)' 

Oral Adjustcd ll i l~alatio~~ Oral Adjustcd lnlialatiorl 

1 
RlDo RlDa KfDi CSFo CSFa ' CSFi 

Radionuclicles 
Arncriciur~i-24 I 
Bisr11ur11-2 10 
Radiu111-22X4.D 
Stronliuru-8.5 
S1roritiurn-9O 
Thoriurn-227 
Thoritrrn-228 +D 
Thoriurn-230 ***  
Thoriurn-232 +D 
Urarliuru-238 +D 

Not calculated for GVs because under review 
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Site Employee Variables defined in  table 5.1.3 p l10  RBGV Report 3197 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 
Slope Factors from HEAST Table 4 .................................... 

171 L.. - . - A -  

For: ~?u~238+D& ..................................... Risk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 
U-238+D Target Risk 1.00E-06 

Slope Factors ...................................... 
.$2~~1$43€-09.;Oral Cancer Slope factor risWpCi ...................................... ....... -,,.... .. .............. C";:!;;568E58ilnhalation ,...,- A<... ........ %...... A .. Cancer slope factor risWpCi ................................... .... < ....... "... ..... ". ........... --,>,...,. 
;;,j2.~:~@.3M-@.t . External Cancer Slope Factor risWyrlpCilg - - - -. .. 

-1.:00E-06 - -- - -- 

25 yrs 
250 dayslyr 

0.001 glmg 
50 mglday 

1000 glkg 
20 m3lday 

4.28E+09 m3lkg 
17.125 yrs 

0.2 
0.08 1/12 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3/97 
For: isk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 

U-238+D 1.00E-06 
. 

Slope Factors 
ral Cancer Slope factor risWpCi 

alation Cancer slope factor risWpCi 
ernal Cancer Slope Factor risWyrlpCi1g 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

3.425 yrs 5 yrs'(250dayslyr1365daylyr) 
0.1 

0.33 1/3= 8 hrsl24hrs 



Site ~ m ~ l o ~ e e  Variables defined i n  table 5.1.3 p i10  RBGV Report 3/97 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 
Slope Factors from HEAST Table 4 ......................................... 

. . . . .  For: g$TKT83*D;iJ$ Risk Calculations: Soil Inhalation, Soil ingestion. External Exposure. 
Th-228+D Target Risk 1.00E-06 

Slope Factors .................. ......... .... eyx..-,-- .%. 

:.:+~:~~:2.31E;;j0 . Oral Cancer Slope factor risWpCi -.-...---.-AA.,... ..--. ......................................... 
?-,%3~68E;61j' Inhalation Cancer slope factor risWpCi ....... .... ..=s.>.~-. ......................................... ............... ,y:,..<.,<...:.-. ............. ............. .% .;?: 2:j:..:z, ::.:62DE9, External Cancer Slope Factor risWyr/pCilg 
......................................... 

1.00E-06 
25 yrs 

-- 
250 daystyr 

0.001 glmg 
50 rnglday 

gkg 
20 rn3lday 

4.28E+09 m3lkg 
17.125 yrs 

0.2 
0.08 1/12 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3/97 
For: Risk Calculations: Soil Inhalation. Soil Ingestion, External Exposure. 
Th-228+D 1.00E-06 

Oral Cancer Slope factor risWpCi 
Inhalation Cancer slope factor risWpCi 
External Cancer Slope Factor risklyrlpCi1g 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glrng 

480 rnglday 
1000 glkg 

20 m3lday 
4.28E+09 rn31kg 

3.425 yrs 5 yrs'(250dayslyr/365day/yr) 
0.1 

0.33 113= 8 hrsl24hrs 



Site Employee Variables defined in table 5.1.3 p l l O  RBGV Report 3/97 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 

..................................... Slope Factors from HEAST Table 4 
For: #,&-.2@.@*3 Risk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 

Ra-228+D iarget ~ i s k  1.00E-06 

Slope Factors 

. ~ : ~ . ; i i i ~ f 7 9 ~ ~ 1 ~ - 0 r a l  ,.>A% %.. ........ .+ ,.. -..., *%...A<... Cancer Slope factor riskjpci ..................................... 

. ~ ;~~9~~$€~3 f i . l nha la t ion  Cancer slope factor risklpCi 
..................................... -. ......... 

:i?-;:938E:08.External x-.c.. ...... :.\.. .-.--. %. "...~.- Cancer Slope Factor riskJyrlpCiIg ..................................... 

-lTo-0E--~06- -- 

25 yrs 
250 dayslyr 

0.001 glmg 
50 mglday 

1000 glkg 
20 m3Iday 

4.28E+09 rn3lkg 
17.125 yrs . 25 yrs'(250dayslyr1365day/yr) 

0.2 
0.08 1/12 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3/97 
.......... 

For: ............................. $.:~a-228<.0 Risk Calculations: Soil Inhalation. Soil Ingestion, External Exposure, 
. . . . . . . . . . . . . .  

Ra-228+D Target Risk 1.00E-06 

Oral Cancer Slope factor risWpCi 
Inhalation Cancer slope factor risIdpCi 
External Cancer Slope Factor risldyrlpCi1g 

1.00E-06 
5 yrs 

250 daystyr 
0.001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m31kg 

3.425 yrs 5 yrs'(250dayslyr1365daytyr) 
0.1 

0.33 1/3= 8 hrsR4hrs 



Site Employee Variables defined in table 5.1.3 p l l O  RBGV Report 3/97 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 
Slope Factors from HEAST Table 4 ................................ a For: ......... :;~TKX+D? x %,..- .--~ .<A Risk Calculations: Soil Inhalation. Soil Ingestion, External Exposure. 

Th-232+D Target Risk 1.00E-06 

Slope Factors 
~ ~ ~ 5 ~ 1 ~ 2 ~ - < ~ : ' 0 r a l  Cancer Slope factor risWpCi ................................ 
$:'?$%llE'&Z; Inhalation Cancer slope factor risWpCi .... ". ... ... ................................ z:$#~Ea.: External Cancer Slope Factor risWyrlpCilg ................................ 

- - -. 25 yrs - . - 
250 dayslyr 

0.001 glmg 
50 mglday 

1000 glkg 
20 m3lday 

4.28E+09 m3lkg 
. 17.125 yrs 

0.2 
0.08 1/12 

Construct~on Worker Vartbles from Table 4.1.3 pg 93, and Equat~ons from Table 4.1.3 page 92 RBGV Report 3/97 
For. "Th-232+D Rtsk Calculat~ons So11 Inhalat~on. So11 Ingest~on, External Exposure, 
Th-232+D Target R ~ s k  1 00E-06 

Slope Factors 
5.12E-$0 Oral Cancer Slope factor rtsWpC~ 

-"1.17E-07 -A lnhalat~on Cancer slope factor rlsWpC~ 
-,, 

9.48E-08 External Cancer Slope Factor rtsWyrlpC11g 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

3.425 yrs 5 yrs'(250days/yr1365daylyr) 
0.1 

0.33 1/3= 8 hrsl24hrs 



Site Employee Variables defined i n  table 5.1.3 p l l O  RBGV Report 3/97 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 
Slope Factors from HEAST Table 4 .................................... 
For: EMy2j.e.D:?$ Risk Calculations: Soil Inhalation. Soil ingestion. External Exposure. 

Pb-2lO+D ~ a r ~ e t  Risk 1 .ME-06 

Slope Factors 
. ~ ~ ~ ~ g j ~ ~ $ j j ; ~ : ~ ~ ~ l  cancer slope factor r i swp~ i  
.>.x*.xvs.: -.... ............ > .................................... 
........... :g2-$3;05EE: Inhalation Cancer slope factor risWpCi ................................... .-.. .....A...-. 

@ g i j ; . ~ ~ ~ ~ ' E x t e r n a l  Cancer Slope Factor risWyrlpCilg ..................................... 

0.001 glmg 
50 mglday 

1 cuxl g/kg 
20 rn31day 

4.28E+09 m3lkg 
17.125 yrs 25 yrs'(250days/yrn65daylyr) 

0.2 
0.08 1112 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3197 

For: sk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 

Pb-210+ 1.00E-06 

al Cancer Slope factor risWpCi 
halation Cancer slope factor risWpCi 
ernal Cancer Slope Factor risWyrlpCilg 

TR= 
ED1= 
EF= 
CFl= 
IR soil= 
CF2= 
IR air; 
PEF= 
ED2= 
Se= 
Te = 

1.00E-06 - 
5 yrs 

250 dayslyr 
0.001 glrng 

480 rnglday 
1 OOO glkg 

20 rn3lday 
4.28E+09 m31kg 

3.425 yrs 5 yrs'(250dayslyr/365day/yr) 
0.1 

0.33 113= 8 hrsl24hrs 



Site Employee Variables defined in  table 5.1.3 p l l O  RBGV Report 3/97 
Equations listed in Table 5.1.3 p 109 RBGV Report 3197 
Slope Factors from HEAST Table 4 ................................... 
For: Risk Calculations: Soil Inhalation, Soil Ingestion. External Exposure. 

Pu-238 Target Risk 1.00E-06 

Slope Factors 
9.,,, . .  
&?-?.3:&<ti .......... Oral Cancer Slope factor risWpCi .................................... t?.?X.' ,.. ........ ,; .... .: 2in#bB: Inhalation Cancer slope factor risWpCi .... A ................................... 
?~~~":~!~~&~f~i External Cancer Slope Factor risWyrlpCilg .................................. ..................................... 

TR= 
EDI= 

-. - -- 
EF=---- 
CF1= 
IR soil= 
CF2= 
IR air- 
PEF= 
ED2= 
Se= 
Te= 

1.00E-06 

-. . - 
25 yrs 

250-day3yr - ~- 

0.001 glmg 
50 mglday 

gfig 
20 m3lday 

4.28E+09 m3kg 
17.125 yrs 

0.2 
0.08 1112 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3/97 
For: sk Calculations: Soil Inhalation, Soil Ingestion. External Exposure. 

Pu-238 1.00E-06 

al Cancer Slope factor risWpCi 
halation Cancer slope factor risWpCi 
ernal Cancer Slope Factor risWyr1pCilg 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

3.425 yrs 5 yrs'(250dayslyr1365day/yr) 
0.1 

0.33 113= 8 hrsl24hrs 



Slte Employee Variables deflned i n  table 5.1.3 p i 10  RBGV Report 3197 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 
Slope Factors from HEAST Table 4 

..<-. w.., > For: ~ : ~ ~ ~ ~ . . k ~ $ ~ ~ ~ ~ i  Risk Calculations: Soil Inhalation. Soil Ingestion. External Exposure. 

- 
Slope Factors .......................................... 

t-.?? E2-:2;2i;;3'_ij; Oral Cancer Slope factor risWpCi .......... 
halation Cancer slope factor risklpci 

ernal Cancer Slope Factor risklyrlpcilg 

1 .OOE-06 
25 yrs 

250 daysly! - - - --  
0.001 glmg 

50 mglday 
lo00 gkg  

20 m3lday 
4.28E49 m3lkg 

17.125 yrs 
0.2 

0.08 111 2 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV 

isk Calculations: Soil Inhalation. Soil Ingestion. External Exposure, 
1.00E-06 

Slope Factors 
ral Cancer Slope factor risklpCi 

alation Cancer slope factor risklpCi 
ernal Cancer Slope Factor risklyrlpcilg 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glmg 

480 mglday 
1000 gkg 

20 m3lday 
4.28E+09 m3lkg 

3.425 yrs 5 yrs'(250dayslyrl365daylyr) 
0.1 

0.33 I n =  8 hrsR4hrs 



Site Employee Variables defined in table 5.1.2 p1108 
Equations 5.1.2 p 107 RBGV Report 3/97 

a Slope Factors from HEAST Table 4 
. . .. 

jw<.Fg-y:F$;; For: 2i?::cF. - ~ ~ .  ..Ax,.. .......-...... ".<.,.sit:: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Freon Target Hazard lndex 

Oral Reference Dose 
lnhalation Reference Dose 

1.00E+00 
-7.00E+Ol-.kg- ------- -- - 

250 dayslyr 
0.000001 glmg 

50 mglday 
1000 glkg 

20 m3Iday 
4.28E+09 m3lkg 

Construction Worker Variables from Table 4.1.2 pg 91, and Equations from Table 4.1.2 page 90 RBGV 
R e ~ o r t  3197 
For: 
Freon Target Hazard lndex 

Slooe Factors 
Oral Reference Dose 
Inhalation Reference Dose 

RBGV=THI'BW*365/[(EF*lIRfDo'CFl'IRsoil) + (lIRfDi'lRair'(lIPEF)] 

THI= 1.00E+00 
BW= 7.00E+01 kg 
EF= 250 dayslyr 
CF1= 0.000001 glmg 
IR soil= 480 mglday 



Site Employee Variables defined in table 5.1.2 p1108 
Equations 5.1.2 p 107 RBGV Report 3197 

a ...... a-w* %...% ~ ......<. , " "..' 
For: ,.I.. " ......... ... . nzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1,2,4-trichldarget Hazard Index 

RfDs 
Oral Reference Dose iris 
Inhalation Reference Dose heast 

1.00E+00 
l..rn.E+Ol.. kg- -- - - 

250 dayslyr 
0.000001 glmg 

50 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

Construction Worker Variables from Table 4.1.2 pg 91, and Equations from Table 4.1.2 page 90 RBGV 
Report 3/97 
For: btrichlorobenzene "- 
1,2,4-trichldarget ~ a z a r d  Index 1 00E+00 

RfDs 

ral Reference Dose 
nhalat~on Reference Dose 

RBGV=THl~BW*365l[(EF~l lRfDo~CFl~lRsoi l)  + (llRfDi*lRair*(llPEF)] 

1.00E+00 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3Ikg 



Site Employee Variables defined in table 5.1.2 p i  108 
Equations 5.1.2 p 107 RBGV Report 3/97 

For: 
2chlorophTarget Hazard lndex 

RfDs 
rat Reference Dose iris 

nhalation Reference Dose 

RBGV=THI*BW*365/[(EF*l/RfDo'CF1*IRsoil) + (l/RfDi*lRair*(l/PEF)] 
_ - ___ ______p______._ 

THI= 1.00E+00 
BW= 7,00E+01 kg 
EF= 250 dayslyr 
CF1= 0.000001 glmg 
IR soil= 50 mglday 
CF2= 1000 glkg 
IR air= 20 m3lday 
PEF= 4.28E+09 mYkg 

Construction Worker Variables from Table 4.1.2 p g  91, and Equations from Table 4.1.2 page 90 RBGV 

a 2-chlorophTarget Hazard lndex 

RfDs 
3 Oral Reference Dose 

Inhalation Reference Dose 

1.00E+00 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 



Site Employee Variables defined in table 5.1.1 p i 05  
Equations 5.1.1 p 104 RBGV Report 3197 

dibenz(a,h Target Hazard Index 1.00E+00 

CS F 
. . . . . . . . . . . . . . .  
:;x$jfi~$.'bo:~ral ; -.. Reference Dose 

" .......... x.. <..: r ....:. ..... ...... .................. - .......- ........... $s>l.dEz(jiji Inhalation Reference Dose ...-*................ .A..~. ... d : r 
.................................. 

RBGV=TCR*BW*3651[(EF*CSFotCF1*IRsoil) + (CSFi*lRairt(l/PEF)] 
--............... - ......- - - ..... ..... _ _ ......... - - - -  . - . - ----- . - . . . -  -- -- - . . 

TCR= 1.00E-06 
BW= 7.00E+01 kg 
EF= 250 dayslyr 
CFI = 0.000001 glmg 
IR soil= 50 mglday 
CF2= 1000 glkg 
IR air= 20 m3lday 
PEF= 4.28E+09 m3lkg 
AT= 7.00E+Ol yr 

Construction Worker Variables from Table 4.1.1 pg  88-89, and Equations from Table 4.1.1 page 
87 RBGV R e ~ o r t  3/97 
For: dibenz(a,h)anthracene -- - -- 
dibenz(a,h Target Hazard Index 

CSF 
ral Reference Dose 
halat~on Reference Dose 

TCR 
BW= 
EF= . 
CF1= 
IR soil= 
CF2= 
IR air= 
PEF= 
AT= 

1.00E-06 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 
7.00E+01 yr 



Site Employee Variables defined in table 5.1.1 pi05 
Equations 5.1.1 p 104 RBGV Report 3/97 

indeno(1,2Target Hazard lndex 

CS F 
y7:30Ei00 -, Oral Reference Dose 

" 
r 

:S.;iOEiOd Inhalation Reference Dose r 

RBGV=TCR'BW'3651[(EF'CSFo'CFl'IRsoil) + (CSFi'lRair'(l1PEF)I 
- - - _  - - -  - - - -- 

TCR= 1.00E-06 
BW= 7.00E+01 kg 
EF= 250 dayslyr 
CF1= 0.000001 glmg 
IR soil= 50 mglday 
CF2= 1000 glkg 
IR air= 20 mYday 
PEF= 4.28E+09 m3lkg 
AT= 7.00E+01 yr 

Construction Worker Variables from Table 4.1.1 pg 88-89, and Equations from Table 4.1.1 page 
87 RBGV Report 3/97 
For: indeno(1 2 3-cd)pyrene 

--x. t. ' 
indeno(l,2 Target Hazard Index 1.00E+00 

CS F 
7.30€+00 Oral Reference Dose 
3.10E$00 Inhalation Reference Dose 

TCR 
BW= 
EF= 
CF1= 
IR soil= 
CF2= 
IR air- 
PEF= 
AT= 

1.00E-06 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

480 mglday 
1000 glkg 

20 rn3lday 
4.28E+09 m3/kg 
7.00E+01 yr 



Site Employee Variables defined in  table 5.1.2 pi108 
Equations 5.1.2 p 107 RBGV Report 3/97 

For: 
fluorene Target Hazard lndex 

RfDs 
ral Reference Dose iris 
halation Reference Dose 

RBGV=THI*BW*365l[(EF*l/RfDo*CF1*IRsoil) + (1/RfDi*lRair*(l/PEF)] 
- _  _ - .- - -. - - - - -  - - - -  -- - - -  - -- - ---- - 

-. - - - - - - -  - - - 

THI= 1.00E+00 
BW= 7.00E+01 kg 
EF= 250 dayslyr 
CF1= 0.000001 glmg 
IR soil= 50 mglday 
CF2= 1000 glkg 
IR air= 20 m3lday 
PEF= 4.28E+09 m3lkg 

Construction Worker Variables from Table 4.1.2 pg  91, and Equations from Table 4.1.2 page 90 , 

RBGV Report 3197 
For: 

a fluorene Target Hazard Index 

RfDs 
ral Reference Dose 
halation Reference Dose 

1.00E+00 
7.00E+01 kg 

250 dayslyr 
0.000001 glrng 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m31kg 



Thc folloning equations wcrc used to calculare new groundwarcr guideline values in accordance ni th the methodolog?. prcscntcd in Risk Based Guidclinc 
Valucs, Mound PlanL March 1997a. 

Thc cquauonr arc gcncrally thc same lor consuuct~on worker and sttc cmploycc scenarios Input paramctcrr diflcr. Thc consmctlon rorkcr lncludu lnpcstlon and 
shown exporurc while the sttc cmploycc only mcludes ~ o u n d n a t c r  mgcsdon 

Water  Cancer  Risk Based Guideline Values (RBC\') a re  calculated by the following equation for  
Chemicals- Xonradiological 

AT= 1 Avcragmp tune 1 70 yr 1 70 y~ 
IRVF Ilqestnon Rate U'atcr l Uday ( 1 Uday I 

RBGVinhalation (m@L)= 
TCR'BW'AT 

K'IRaL'EF'ET'ED'(1 I24YCSFi 

RBGVdemal (mgcLI TCR-B\VmAT 
Organics- 2-Kp-EF-I:\'-0 001 -iCSFa)-SSAa'ED'(6.T-tevent)l3.141 2!11 

1211S100. 1.05 PSI 



\Voter Non-Cancer Risk Based Guideline Values (RBGt') are calculated by the following equation 
for Sonradiological Chemicals. 

RBGVlotal (mgL)= 
1 

1 IRBGVingestion - l RBGVinhalation + VRBGVdcrmal 



Water Cancer Risk Bared Guideline \'slues (RBCV) are calculated by the  rolloning equation for 

Radiolnuclides 

RBGVmgation (&a)= TCR 
IRw-EF'ED'CSFo 

Where- 

For tritium dermal and inhalation pathnays arc also evaluated for water and total tritium is calcuIa;cd a follur3 

RBGVTotal (mg'L)= 1 
-- -,mGVineertion +&lmG,,inhalalion -+.- G,.dCCm3j -- - -  - 

TCR- 
EF- 
ED= 
CSFo= 
IRw= 

RBGVingestion m e  as above for all rad~onuclidcs 

RBGV uidum inhalation TCR 
(PC&)= IRa'EF'ED'ETs'CF I 'CFr'hl'CSFi 

Target Cancer Risk 
Exposure Frequency 
E x p u r e  Duration 
Oral Cancer Slope Factor 
Ingestion Rate Water 

RBGVdmnal (pCLng/L) TCR 
titiurn= Kp'EF-1 OOO'ETs'(CSFa).SS.A-ED 

Sitr Employn 
1.00E-06 
250 days/>s 
25 .w 

chernlcal specific 
1 Wday 

Construction Workcr 
1 .COE-06 

250 d a \ ~ r \ s  

5 ?T 
chemical sxcific 

l Lldav 



r TOSICI'I'Y VA1,UES FOR GKOlJNDWATER C\'S 1 
Kfl) (nlglkglday) CSF (kg-dnylmg) : 

Oral Adjusted Inhalation Ornl Adjusted Inhalation 

1 .  1.2.2-'l'ctrncl1l~~roctlintlc 0.01:-02 6.001:-02 6.01:-02 2.01:-0 1 2.001:-OI 2.01'-01 
I ,  I ,  I -'l'ricliIoroc~li:iric 3.51.-02 3.501:-02 2.91.-01 N A NA N A 
I l , 2 - ' l r i c l I r1 - l  2 2 r l l 1 1 r t l i : r  3.001. .01 3.001'1 01 8.571.!00 N A N A N A' 

--- --- --- c is-  1.2-I)ichlor~1c1li!~lct1c I .()I,:-02 1 ,001:-02 2.31t-0 1 

Iriorgar~ics 
Aluniirlurri 
I3orori 
Chroriiiurli (VI )  
Cobalt 
Copper 
Molybdcriur~l 
Sclcniurn 
'I'halliurn arid conipounds (as thnlliuni 
Ti11 

Not calculated for GVs because under review I 
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Appendix D 

Parcel 4 Database (Provided on CD provided with this report) 



CLP Laboratory Data Qualifiers and their Used in the RRE 
Inorganic Chemical Data Definition Included in RRE? 

6 Reported value is CCRDL~. Yes 
but >IDL~. 

U Compound was analyzed for Yes, 112 SQLC 
but not detected. 

E Value is estimated due to Yes 
matrix interference. 

N Spiked sample not within Yes 
control limits. 

J Value 'is an estimated quantity. yesd 
R 

- -A - Quality control indicatezthat- ----No - -  ---- 
data is unusable. 

Organic Chemical Data Definition Included in RRE? 
U Compound was analyzed for Yes, 112 SQLC 

but not detected. 
J Value is estimated, spectral yesd 

identification criteria are met 
but the value is <CRDL. 

B Analyte found in associated Y ese 
blank as well as in sample. 

E Concentration exceeds Yes 
calibration range of GCIMS~ .. 

instrument. 
D Compound identified in an Yes 

analysis at a secondary 
dilution factor 

a. CRDL means contract required detection limits 
b. IDL means instrument detection limits 
c. "U" qualified data, result was recorded as 1/2 the detection limit. 
d. "J" qualified data with results less than the detection limit, recorded as 

112 the detction limit. 
e. "B" qualified organic results. If blank sample contained a common lab 

contaminant, result considered positive only if concentration exceeded 10x 
the amount detected in the blank. If blank sample contained a constituent 
that is not a common lab contaminant, result considered positive only 
if concentration exceeded 5X the amount detected in the blank. 



BWX Technologies, Inc. 
a McDermott company BWXT of Ohio, Inc. 

1 Mound Road 
p.0. BOX 3030 
FAiafnlsbirrg. Ohio 45343.3030 
1937) 855-4020 

ESC-205199 
December 18, 1999 

Mr. Richard B. Provencher. Director 

-- -- 
Miamisburg Environmental Management Project -- - --- - - -- 
UTS:Depfi-mmt<f-Energy 
P.O. Box 66 
Miamisburg, OH 45343-0066 

ATTENTION: Rob Rothman (2) 

SUBJECT: Contract No. DE-AC24-970H20044 
CERCLA Documents for Parcel 4 

REFERENCE: Statement of Work Requirement C 7. le  -- Regulator Reports 

Dear Mr. Provencher: 

BWXT of Ohio has completed the following CERCLA products for public review in support of the transfer 
of Parcel 4: Residual Risk Evaluation, Screening Level Ecological Risk Assessment-and the Proposed 
Plan for Parcel 4. 

Pending approval from your office to release the documents to the public, copies will be placed in the 
CERCLA Public Reading Room for a thiRy day public review period that starts December 18, 2000 

" through January 16,2001. If you or members of your staff have any questions regarding the documents, 
or if additional support is needed, please contact Dave Rakel at extension 4203. 

9 

Sincerely, 

~ % e y  S. Stapleton 
Manager. Environmental Safeguards & Compliance 

Enclosures as stated 

cc: Tim Fischer, USEPA, (2) wlattachrnents 
Brian Nickel, OEPA, (2) wlattachrnents 

, Ruth Vandegfift, ODH, (1) wlaltachments 
Dewain Eckman, DOEIMEMP. (1) wlattachments 
Jo n Ebersole. DOEIOH, ( I )  wlattachrnents 

ave Rakel, BWXT of Ohio, (2) wlattachments L2' 
Dann Bird, MMCIC..(2) wlattachrnents 
Public Reading Room, (5) wlattachrnents 
DCC 



Residual Risk Evaluation 

Parcel 4 

Mound Plant 
Miamisburg, OH 

Public Review Draft 

December 2000 

Department of Energy 
Ohio Field Office 

BWXT of Ohio, Inc. 



Residual Risk Evaluation 

Parcel 4 

.Mound Plant 
Miamisburg, OH 

Public Review Draft 

December 2000 

Department of Energy 
Ohio Field Office 

BWXT of Ohio, Inc. 
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Parcel 4 Human Health Residual Risk Evaluation 

Executive Summary 

This report was prepared using the Mound 2000 Residual Risk Evaluation Methodology [(RREM) 

DOE 1997al to quantify the potential for cancer and other non-cancer health effects from long-term, low- 

level exposures to site-related contaminants in Parcel 4. A Residual Risk Evaluation (RRE) quantifies 

- --human health-risks associated-with residual-levels of contamination remaining within an area to ensure that - 

future users of the land will not be exposed to contaminant levels that would pose unacceptable risks. In the 

future, Parcel 4 may be used for commercial or industrial land use. Total risk, background risk, and 

incremental risk were calculated for current and future exposure scenarios for a construction worker and a 

site employee working in Parcel 4. Potential exposure to contaminants originating outside Parcel 4 that may 

reach receptors in the parcel are termed potential cu:nulative exposures. Pstential cumulative risk was 

calculated for current and future exposure to groundwater and air. 

To quantify future residual soil risk it was assumed that no degradation of the constituents of 

Potential Concern (COPCs) would occur over time, therefore, current and future residual soil risks are the 

same. Current groundwater exposures were estimated using data collected from the Mound Plant production 

@ wells up through the year 2000, including approximately 17 years (1983-2000) worth of data. The Mound 

Plant production wells are finished in the Great Miami- Buried Valley Aquifer (BVA). The concentration 

of contaminants in future groundwater were estimated using a model that assumes all contaminants currently 

detected in the bedrock aquifer of the Mound Plant property migrate to the BVA. 

The terms "Release Blocks" and "Parcel" are both used in this report to designate portions of the 

Mound property to be evaluated for transfer. To streamline the transfer process, the Mound property was 

initially divided into.19 "release blocks", which are contiguous tracts of property designated for release. 

RREs must be completed before the transfer of a release block can be accomplished. RRE reports have been 

completed for Release Blocks D and H. When the Maintenance & Operations (M&O) contract for Mound 

oversight changed hands in 1997, the release blocks were reconfigured into 10 "Parcels" to shorten the 

schedule for site transfer. 

COPCs in Parcel 4 soil for the construction worker scenario are identified in Table 2.2. Total, 

background, and incremental residual risk for the construction worker exposed to Parcel 4 soil is presented 

in Tables 5.1, 5.2, and 5.3, respectively. Total, background, and incremental residual non-cancer risk for a , 
construction worker exposed to soil are all below the acceptable risk threshold of 1 .  Total residual cancer a 



risk for a construction worker exposed to soil in Parcel 4 is 3.3~10-!, which falls within the acceptable risk 

range of 10-4 to 10-6 (increase in cancer risk of one human in ten thousand to one human in one million). 

Background residual cancer risk from.soil for a construction worker in Parcel 4 was 6.9~10-6. Incremental 

residual cancer risk for the construction worker exposed to soil was 2 . 9 ~  10-5. 

COPCs in Parcel 4 surface soil for the site employee scenario are identified in Table 2.4. Total, 

background, and incremental residual risk for the site employee scenario exposed to Parcel 4 surface soil is 

presented in Tables'5.4,5.5, and 5.6, respectively. Total, background, and incremental residual non-cancer 

risk for a site employee exposed to surface soil are all well below the acceptable risk threshold of 1 for non- 

carcinogenic risk. Total and incremental residual cancer risk from surface soil for a site employee in Parcel 

4 is 1.0~10-4 and 6.4~10-5, respectively, which fall within the acceptable risk range of 10-4 to 10-6. 

Background residual risk from soil for a site employee in Parcel 4 was 4.4~10-5. 

Potential exposure to contaminants originating from outside Parcel 4 that may reach receptor5 in the 

parcel are termed potential cumulative exposures. Potential cumulative risk was calculated for current and 

future exposure to groundwater and air. The approach used to estimate potential cumulative risk for air is 

the same method as was used for Release Blocks D and H. Current groundwater risk was assessed using 

groundwater data available from the Mound Plant production wells. Potential cumulative risk from air and 

groundwater are reported in the Parcel 4 summary table at the end of this Executive Summary. 

Potential cumulative risk was assessed for both current and future exposure to groundwater. Current 

groundwater exposures were estimated using data collected from the Mound Plant production wells (well 

numbers 271 and 076) up through the year 2000 including approximately 17 years worth of data. The 

Mound Plant production wells are finished in the Great Miami Buried Valley Aquifer (BVA). The 

concentration of contaminants in future groundwater were estimated using a model that assumes all 

contaminants currently detected in the Bedrock Aquifer of the Mound Plant property migrate to the BVA. 

Contaminant concentrations detected in the Bedrock Aquifer were added to the current contaminant 

co~icentrations detected in the Mound Plant production wells to estimate potential future exposures. 

Information on the derivation of future contaminant concentrations in groundwater is presented in Appendix 

B. 

For the construction worker scenario antimony, cadmium, copper, and thorium-230 were 

identified as COPCs in current groundwater (Table 2.6). Total, background, and incremental 

residual risk for a construction worker exposed to current groundwater are presented in Table 5.7, 

5.8, and 5.9, respectively. Total residual cancer risk'from current groundwater for the construction worker 

scenario is 2.1 x10-6, due entirely to thorium-230. This risk level falls within the acceptable risk range of 



10-4 to 10-6. Background risk for a construction worker could not be quantified. Therefore, incremental 

residual cancer risk from current for a construction worker was 2 . 1 ~  10-6, which falls within 

the acceptable risk range for carcinogens. Total residual non-cancer risk from current groundwater for a 

construction worker is 1.3, which exceeds the acceptable risk threshold of 1 for non-carcinogenic risk. The 

largest contributor to this risk is antimony. Background residual non-cancer risk from current groundwater 

for a construction worker is 0.017. Incremental non-cancer risk. for this receptor is 1.3 which, again, is 

largely due to antimony. The maximum concentration of antimony detected in the productiqn wells was used 

to describe current groundwater. to ensure that  the .actual-ilisk-. fwm groundwater-_ingestion-.is ..not -. - . - - - - -. - - - - - - - . - 

underestimated. However, these results were collected on May 6th 1991 using an uncertain analytical 

procedure. Uncertainty surrounding the concentration of antimony used in the current groundwater 

calculations is discussed further below. 

For the site employee scenario antimony, cadmium, copper, actinium-227, plutonium-2391240, 

thorium-228, thorium-230, and uraniurn-234 were identified as COPCs in current groundwater (Table 2.8). 

Total, background, and incremental residual risk for a site employee exposed to current groundwater are 

presented in Table 5.10, 5.1 1, and 5.12, respectively. 

Total residual cancer risk from current groundwater for a site employee is 2.1~10-5. Background 

and incremental residual cancer risk from current groundwater for a site employee is 3.3~10-6 and 1.8~10-5, 

respectively. All three of these risk levels fall.within the acceptable risk range of 10-4 to 10-6. Total 

residual non-cancer risk from current groundwater for a site employee is 1.1, which exceeds the acceptable 

risk threshold of 1 for non-carcinogenic risk. The largest contributor to this risk is antimony. Background 

residual non-cancer risk from current groundwater for a site employee is 0.01 4. Incremental residual non- 

cancer risk from current groundwater for a site employee is 1.1 which, again, is largely due to antimony. 

The maximum concentration of antimony detected in the production wells was used to describe current 

groundwater to ensure that the actual risk from groundwater ingestion is not underestimated. However, these 

results were collected on May 6th 1991 using an uncertain analytical procedure. Uncertainty surrounding 

the concentration of antimony used in the current groundwater calculations is discussed further below. 

Final COPCs for future groundwater for the construction worker are identified in.Table 2.10. Total, 

background, and incremental risks for the construction worker are presented in Tables 5.13, 5.14, and 5.15, 

respectively. Total residual non-carcinogenic risk-from future groundwater for the construction worker is 

5.5. Background non-carcinogenic risk from future groundwater for the construction worker scenario is 0.23 

'and increment residual non-carcinogenic risk from future groundwater is 5.4. The total and incremental non- 

cancer risk for the construction worker exceeds the acseptable Hazard Index (HI) of I. Future total and 

incremental carcinogenic residual risk from groundwater for the construction worker scenario is 3.0~10-4 
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and 2.9~10-4, respectively, which exceed the acceptable risk range for carcinogens. Background residual 

carcinogenic risk from future groundwater for the construction worker scenario is 8.8~10-6, which falls 

within the acceptable risk range. 

Final COPCs for future groundwater for the site employee are identified in Table 2.12. Total, . 

background, and incremental risks for the construction worker are presented in Tables 5.16,5.17, and 5.18, 

respectively. Future total and incremental non-carcinogenic residual risk from groundwater for the site 

employee scenario were 5.1 and 4.9, respectively. Both of these values exceed the acceptable HI of 1.  

Future background non-carcinogenic risk in groundwater for the site employee is 1.2, which exceeds the 

acceptable Hazard Index of 1. Future total and incremental carcinogenic residual risk from groundwater for 

the site employee scenario was 5.9~10-5 and 5.4~10-5, respectively. Total and incremental carcinogenic risk 

associated with exposure to groundwater falls within the acceptable risk range of 10-4 to 10-6 for the site 

employee scenario. Background carcinogenic risk from groundwater for the site employee scenario was 

5.5~10-6, which also falls within the acceptable risk range of to 10-6. 

Airborne contaminant concentrations were measured at the Mound Facility in 1994 while various 

site restoration activities (DOE, 1994) were ongoing. , n i s  method assumes both current and hture exposure 

to air. ~oth'radiolo~ical and non-radiological data were collected. Since several soil-disturbing activities 
' 

were going on during data collection, it is assumed that the measured air concentrations represent an upper- 

bound air concentration. Information on the derivation of these values is presented in Appendix D of the 

Release Block D RRE, December 1996 and a summary of the findings are presented in Appendix A of this 

report. lncremental cumulative carcinogenic risk due to exposure to contaminants in air was 2.0~10-7, for 

the construction worker, and 9.8~10-7 for the site employee. In both scenarios, the result is less than the 

acceptable risk range. None o'f the COPCs identified in air have non-carcinogenic risk criteria so a HI was 

not calculated for exposure to contaminants in air. 

Overall total, background, and incremental carcinogenic and non-carcinogenic risks are presented 

in the following table. The risk values in the tables are broken out by media (i.e., groundwater, air, and soil) 

and are the sum of risks for all pathways for the construction worker and site employee scenarios. Overall 

carcinogenic and non-carcinogenic risks associated with exposure to soil and air fall within the acceptable 

risk range of 10-4 to 10-6 and an HI of less than one for both potential receptors. Total and incremental 

carcinogenic and non-carcinogenic risks exceed~the acceptable risk range for the future construction worker 

and the future site employee due to potential exposure to groundwater. Incremental carcinogenic risk is 

within the acceptable risk range for the current construction worker and current site employee. Total 

carcinogenic risk is within the acceptable risk range for the current construction worker but exceeds the , 
acceptable risk range for the current site employee. Total and incremental non-carcinogenic risks for the 
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current and future construction worker, and current and future site employee exceed an HI of one due to 

potential exposure to groundwater. The cumulative incremental non-carcinogenic risk exceeds the standard 

(HI= one) for the four scenarios listed in the Overall Summary of Risks Table (presented below). The 

cumulative incremental excess lifetime cancer risk exceeds the acceptable risk range (10-4 to 10-6) for the 

future Construction Worker Scenario (3.2~10-4) and for the future Site Employee Scenario (1.2~10-4).  

Where overall risk exceeds acceptable levels, these risks are driven by exposure to groundwater. n e s e  

exceedences result from the conservative nature of the groundwater analysis. The groundwater model does 

-not take into account natural-physical andchemical processes such as dilutio", dispersion,adsorption~~"d - 
-- 

soil properties that may reduce contaminant levels by the time it reaches the BVA. As a result, the future 

groundwater exposure point concentration is biased high and conservative. Specifically, using the maximum 

detected value (a single measurement) from a data set that spans approximately seventeen years as the 

concentration representing a contaminant of potential concern, and assuming contaminants are present only 

in their most toxic form, overestimate the risk. Details are provided in Section 6, Uncertainties. Given the 

conservative nature of the RRE and the associated uncertainties, the risks presented in this table represent 

the upper-bound plausible limit of risks (worst case scenario). Based on the protective measures presented 

in the Proposed Plan for Parcel 4 and the conservative nature of the RRE, the future groundwater risks 

presented will be managed to be protective of human and environmental health. 

To estimate future risk in the BVA, the Exposure Point Concentration (EPC) in the production wells 

was added to the flow tube modeled maximum detected concentration found in the bedrock wells. The flow 

tube model includes an assumption that the maximum concentration of a constituent detected in each of the 

twenty bedrock flow tubes impacts the BVA in the future. Natural physical and chemical processes such 

as dilution, dispersion, adsorption, and soil properties are ignored when establishing future estimated 

concentrations by this method. The model does not take into account chemical and physical process such 

as dilution, dispersion, and adsorption, which may reduce contaminant levels by the time it reaches the BVA. 

As a result of this methodology, the future EPC concentration is biased high and conservative. This added 

collservatism helps to compensate for the uncertainties in the characterization of the bedrock aquifer. 

Data for the RRE was collected overa 17-year period and analytical detection limits and methods 

have changed. This has resulted in current lower detection limits and presents uncertainty in the data by 

adding potential bias to the EPC for a constituent: For groundwater, the historical and current groundwater 

data were used to estimate the exposure point concentration. Uncertainty is introduced because the analytical 

results for constituents in the groundwater, collected over a 17-year time period, may not meet the Data 

Quality Objectives (DQOs) currently in place for data collection at Mound. Antimony is an example of this 

type of uncertainty. The long time frame also means thai contaminants detected in the production wells and 

bedrock wells may have degraded. For example, 17 years is roughly equivalent to one half-life for tritium. 



The concentration of tritium in groundwater is reduced by half every 12 years. 

Overall Summary o f ~ i s k s  
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• Antimony was not used in large-scale at the Mound Plant. The highest concentrations of antimony 

detected (38.2 pg/L and 40.2 pg/L) were both collected on May 6th, 1991. Since both elevated results were 

collected on the same date, the possibility of sample contamination exists. May 6th 1991 precedes 

development of the Mound Quality Assurance Project Plan (DOE 1993a) by two years, so it is doubtful that 

the elevated antimony results meet the Mound DQOs. The Mound Environmental Information and 

Mallagement System (MEIMS) database specifies the procedure used for antimony analysis as an "unknown 
- - -- - - - -. - . CLP-method" and -the-results were-lab-qualified-as"ByL.-When-applied-to- inorganic- compounds; like------------ 

antimony, the "B" lab qualifier means that the reported value is greater than the instrument detection limit 

but less than the contract required reporting limit. The next highest detection of antimony (14.4 pg/L) was 

detected in April 7fh, 1994 and antimony has not been detected in the BVA since. In addition to the 

monitoring data reported in MEIMS, monitoring of the production wells is conducted in accordance with 

the Safe Drinking Water Act (SDWA). The SDWA data for production well groundwater shows antimony 

at the detection limit of 0.6 pg/L. Despite this, the maximum concentration of antimony detected in the 

production wells (40.2 yg/L) was used to describe the current groundwater concentration. 

Given the age, elevated detection limits, and uncertain analytical procedure used for the May 6th 

1991 analyses, plus results of subsequent analysis that shows antimony at much lower levels, it seems highly 

@ unlikely that the concentration used to describe the current concentration of antimony in groundwater is 

accurate. The maximum concentration of antimony detected in the production wells was used to describe 

current groundwater to ensure that the actual risk from groundwater ingestion is not underestimated. 

However, this approach may result in an overestimation of actual current risk. Elimination of the 

questionable May 6th antimony results would lower the estimated current total risk from an HI of 1.3 for the 

construction worker down to an HI of 0.6 which is well below the acceptable risk threshold. 

To estimate future maximum constituent concentrations in the BVA, the lower of the 95% UCL or 

maximum detected concentration in the production wells was added to the flow tube modeled maximum 

detected concentration found in the bedrock wells. The flow tube model includes an assumption that the 

maximum concentration of a constituent detected in each of the twenty bedrock flow tubes impacts the BVA 

in the future. Natural physical and chemical processes such as dilution, dispersion, adsorption, and soil 

properties are ignored when establishing future esti,mated concentrations by this method. It is possible that 

the soil and the bedroc'k layer would inhibit most of the groundwater sampled in the bedrock wells to ever 

migrate into the BVA. As a result of this methodology, the future EPC concentration is biased high and the 

future groundwater concentrations are overstated. 
. . .  

b 

Furthermore, the Parcel 4 RRE assumed that future site users would utilize the production wells for 



potable water supplies. The Miamisburg Mound Community Improvement Corporation (MMCIC), in the 

near future intends to tap future site-users into the municipal water supply system, therefore exposure to 

bedrock or BVA groundwater is unlikely. Using the production well and bedrock well data to estimate future 

risk is a conservative estimate of future risk. 

xi i  



Residual Risk Evaluation Parcel 4 
Public Review Draft 

December 2000 
Page I of 38 

1.0 INTRODUCTION 

The U.S. Department of Energy's (DOE) Mound Plant is located on a 306-acre parcel of land kithin 

the City of Miamisburg, Ohio, about 10 miles southwest of Dayton, Ohio. Figure 1.1 shows the v i c i n i ~  of 

the Mound Plant. The plant is located approximately 2,000 feet east of the Great Miami River and partially 

overlies the Great Miami Buried Valley Aquifer (BVA). Since 1948, Mound has operated as a research, 

development, and production facility in support of DOE's weapons and energy programs. Mound's past 
- - . -  - - - - - . - - - - - -  - --- -. - - - - - - - . - 

weapons program mission included process development, production engineering, manufacturing, and 

surveillance of detonators, explosives, and nuclear components. Mound's current mission is to support 

DOE's efforts in environmental management and to transition the site, in cooperation with the City of 

Miamisburg, from a cold-war weapons production facility to commercial or industrial use. 

Parcel 4, the subject of this report, consists of 95.2 acres located immediately south of Operable Unit 

(OU) 5, the Mound Plant Production Area. A map of the Parcel 4 is included as Figure 1.2. Prior to DOE's 

purchase of Parcel 4 in 1981, the land had been in use for agricultural purposes. Parcel 4 remains 

undeveloped with the exception of a construction gate, a road from Benner Road and gravel-surface parking 

area, a contractor storage area, and an above ground power line running approximately north-south through 

the center of the property. 

During past operations at the Mound facility, the release of hazardous waste has occurred. 

Subsequent facility investigations have identified over 400 potential release sites (PRSs). Since 

contamination at the Mound Plant occurs at discrete PRSs rather than being widespread across the site, a new 

decision-making process was formulated for Mound. The new process is known formally as the "removal 

site evaluation process" and informally as the "Mound 2000 process". The Mound 2000 process is consistent 

with the Federal Facilities Agreement (FFA) signed by DOE, the U. S. Environmental Protection Agency 

(EPA), and the Ohio Environmental Protection Agency (Ohio EPA), in accordance with the Comprehensive 

Environmental Response, Compensation, and Liabilities Act (CERCLA) as defined in the National 

Contingency Plan [(NCP) EPA 19891. 

This report was developed using the Mound 2000 Residual Risk Evaluation Methodology (RREM) 

(DOE 1997a) to quantify the potential for cancer and other non-cancer health effects from long-term, low- . 

level exposures to site-related contaminants in Parcel 4. A Residual Risk Evaluation (RRE) assesses human 

health risks associated with residual levels of contamination remaining within an area to ensure that future 
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users of the land will not be exposed to contaminant levels that would pose unacceptable risks. The RRE 

results will be used, together with Applicable or Relevant and Appropriate Requirements (ARARs), to 

determine the need for additional site remediation or to demonstrate that Parcel 4 is ready for public use. 

1.1 . Purpose of Residual Risk Evaluation 

The objective of the Parcel 4 RRE is to assess risks associated with residual levels of contamination 

that exist after completion of the removal action. Although the RRE method was developed specifically for 

use at Mound, the method is consistent with the CERCLA baseline risk assessment method to ensure that 

future users of the land will not be exposed to contaminant levels that would pose unacceptable risks. 

1.2 Scope of the Parcel 4 RRE 

The RRE for Parcel 4 includes an evaluation of human health risk for potential re,idual 

contamination in the area. A remedial investigation of Parcel 4, also known as the Mound Plant New 

Property, was completed in February 1996. The results of this investigation were presented in the Operable 

Unit 5 New Property Remedial Investigation Report (DOE 1996). Since commercial/industriaI use of Parcel 

4 is anticipated, receptor scenarios were selected to represent reasonable maximum exposure (RME) 

conditions for a commercial/industria1 setting. Residual contaminants in Parcel 4 were evaluated for two 

potential receptor groups: construction workers, who may be exposed to surface and subsurface soil, 

groundwater, and air for up to five years and site employees, such as office workers, who may be exposed 

to surface soil, groundwater, and air for up to 25 years. The construction worker and site employee were 

assumed to utilize groundwater from the Mound Plant production wells (wells 27 1 and 076) for their potable 

water supply while at work. Exposure assumptions for the construction worker and site employee scenarios 

are site-specific adaptations of the standard scenarios presented in EPA's Risk Assessment Guidance for 

Superfund (RAGS), Part A (EPA 1989). These assumptions are documented in Table 1 in the Mound 2000 

RREM (DOE 1997a) and are based on a RME assumptions. RME exposure assumptions are conservative 

and are therefore, not likely to underestimate residual risk. 

The Parcel 4 residual risk evaluation included an assessment of total, background, and incremental 

risk. Total risk was calculated using the total concentration of identified constituents of potential concern 

(COPCs) detected in Parcel 4. Background risk was based on background levels of the COPCs and 

incremental risk was calculated using the difference be'tween total and background levels. Incremental risk 
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call be used to assess the increase in risk above background levels'due to contaminant releases from past 

Mound Plant operations. 

1.3 Organization of Report 

The RREM provides a framework for evaluating potential human health risks associated with 

residual levels of contamination. Although the RREM is similar to a traditional CERCLA baseline risk 

- - assessment, it serves a-different purpose and, therefore,& not identical. . - - -. - - - -- - - - - - - -- 

The RREM consists of five elements, including: 

- identification of the contaminants to be evaluated, 

- exposure assessment, 

- toxicity assessment, 

- risk characterization, and 

- evaluation of potential cumulative risks. 

The following sections describe each of these elements in more detail starting with Section 2.0, Data 

Compilation and Evaluation, which describes the methods used to compile Parcel 4 data and identify 

contaminants to be evaluated in the RRE. Section 3.0, Exposure Assessment, summarizes both the pathways 

through which hazardous substances may reach potential receptors and intake assumptions that will be used 

to quantify exposure. In Section 4.0, Toxicity Assessment, exposure point concentrations, intake equations 

and toxicological reference values are presented. Information from the exposure assessment is combined 

with information from the toxicity assessment to characterize human health risks in Section 5.0, Risk 

Characterization. Section 6.0, Uncertainty in the Risk Assessment, presents some of the sources of 

uncertainty inherent in risk assessments and in the RRE. Section 7.0, References, contains a list of all 

documents cited in this report. 

2.0 DATA COMPILATION AND EVALUATION 

Identification of contaminants to be carried -through the RRE calculations is a multi-step process 

beginning with the identification of all contaminants detected in the area and then eliminating contaminants 

based upon a set of established screening criteria described in the RREM. 
C 
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All available sampling data were compiled for use in the Parcel 4 RRE. Newer data were used to 

supplement, rather than supercede older data, except when older data described materials that had 

subsequently been removed from the area. In this case, the older data no longer represent site conditions and 

\ilere, therefore, not used in the RRE. Sampling data obtained from the Mound Soil Screening Facility were 

used except in the case where a sample was split and analyzed by both the Mound Soil Screening Facility 

and a commercial analytical laboratory. In such cases, the value from the commercial analytical laboratory 

was used to take advantage of the greater precision available from the commercial analytical laboratory. 

When a given sample was analyzed using both alpha and gamma spectroscopy methods, the more sensitive 

alpha spectroscopy results were used to characterize the sample. 

Parcel 4 Data Set Components: 

Project Code 
34896 

SWSD 

RSS 

SCRDATA 

SGCSP 

04-2768 

34897 

MND33 

WDSOIL 

Groundwater 

Air 

Description 
New Property 

Surface Water and Sediment 

Radiological Site Survey - OU9 Site 
Scoping Report 
Mound Plant Screening Data 

Soil Gas Confirmation Sampling 

Regional Soils Investigation 

New Property Extended Phase 

Operable Unit 3 LFI 

WD Building Soil Characterization 

Parcel 415 Boundary Sampling 

BVA Mound Production Well 
Sampling 

Bedrock aquifer monitoring well . 

sampling 
1994 Site Restoration activities 

Reference 
Operable Unit 5 Remedial Investigation Report, 
Final, Rev 0, February 1996 

Operable Unit 9 Surface Water and Sediment 
Investigation Report, Technical Memo, Rev 2, 
September 1996 

Operable Unit 9 Site Scoping report Volume 3; 
Radiological Site Survey, Final, June 1993 

Not published- Data are in MElMS 

Operable Unit 9 Further Assessment Soil Gas 
Confirmation Sampling, Final, Rev 0, May 1996 

OU 9 Regional Soils Investigation Report, 
Final, Rev 2, August 1995 

Operable Unit 5 Remedial Investigation Report, 
Final, Rev 0, February 1996 
Or 
Operable Unit 5 New Property Extended Phase I 
Field Report, Final, Rev 0, July 1995 

Operable Unit 3 Miscellaneous Sites Limited 
Field lnvestigation Report, Final, Rev 0 July 
1993 

Not published- Data are in MEIMS 

Compiled from the MEIMS database and 
reported in Release Blocks H and D RRS 
reports. 

.5 

Mound Site Environmental Report for Calendar 
Year 1994, MLM-3814, (DOE 1994) 

Comment 

Ecotek 
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Samples were collected and analyzed according to the methods outlined in the Operable Unit (OU) 

9 Quality Assurance Project Plan (QAPP) (DOE 1993a) and the OU5 QAPP (DOE 1993b). Since some of 

the data used to characterize residual contaminant concentration in Parcel 4 were collected prior to 1993, not 
- all data used in the risk assessment have undergone Quality AssurancelQuality Control (QNQC) evaluation 

and data validation in accordance with the requirements described in the OU9 QAPP (DOE 1993a). 

Field investigations conducted for Parcel 4 are listed above. Samples were analyzed for volatile 

organic compounds (VOCs), semi-volatile organic compounds (SVOCs), inorganic compounds, common 

anions, pesticides, polychlorinated biphenyls, and radionuclides. Environmental media evaluated include 

surface soil (0-2 fl below land surface), subsurface soil (>2 feet below land surface), sediment, groundwater,' 

and air. Parcel 4 does contain surface drainageways and some seeps that are present year round, but no 

persistent surface water bodies (i.e., ponds, streams). Since ditch sediments are typically dry, sediment 

samples collected in Parcel 4 were evaluated with the surface soil data. However, some seeps are present 

year-round on Parcel 4. Since RAGS states that risk from surface waterlseeps can be approximated by risk 

from sediment, which is treated the same as soil, exposure to contaminants in seeps is accounted for within 

the direct soil exposure pathway. 

Current groundwater exposures were estimated using data collected from the Mound Plant 

production wells (wells 271 and 076),which are finished in the BVA. The concentration of constituents in 

future groundwater was estimated using a flow tube model that assumes all contaminants currently detected 

in the Bedrock Aquifer of the Mound Plant property migrate to the BVA. Future estimated modeled 

contaminant concentrations in the Bedrock Aquifer were added to the current maximum contaminant 

concentrations detected in the Mound Plant production wells. This method is described in more detail in 

Appendix B. The approach used to estimate potential cumulative risk from exposure to air is the same 

method as was used for Release Block D (Appendix D of the December 1996 report). The air risk values 

were not recalculated but carried forward from Release Block D. Potential cumulative risks due to 

contaminants released to the air are discussed in hore detail in Appendix A. 

2.3 Data Analysis 

For each constituent detected in Parcel 4 soils and current groundwater from the production wells, 
, 

the 95% upper confidence limit of the mean (UCL) was calculated to estimate the concentration that 
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receptors in the area may be exposed to. This is known as the Exposure Point Concentration or EPC. For 

future groundwater, modeled values were used as the EPC. The Flow Tube model used to predict future 

contaminant groundwater concentrations is described in Appendix B.   he 95% UCL was calculated in 

accordance with the Mound 2000 RREM (DOE 1997a), Gilbert's Statistical Methods for Environinenral 

Pollution Monitoring (Gilbert 1987), and the Supplemental Guidance to RAGS: CaIculating the 

Concentration Term (EPA, 1992a). Before calculating the 95% UCL, the distribution of the data set was 

determined. If data were found to be normally distributed, the EPC was calculated as the 95% UCL of the 

arithmetic mean of the data, using the Student's t-statistic (EPA 1992a). If the data were found to be log 

normally distributed, the EPC was calculated as the 95% UCL using the H-statistic (EPA 1992a). The 95% 

UCL on the arithmetic mean for normal data sets were calculated as follows: 

95% UCL= Mean + t(s/n ") 

Where: 
UCL= upper confidence limit, 
t = t statistic (Table A2, Gilbert, 1987), 
s = standard deviation, and 
n = number of observation in the data set 

The 95% UCL equation of the arithmetic mean for log normal data sets was calculated as follows: 

95% UCL = e Mean + 0.5 s2 + H(s/(n-I) 112) 

Where: 
UCL = upper confidence limit, 
e = constant (base of the natural log, equal to 27 18) 
Mean=mean of the transformed data 
s = standard deviation of the transformed data 
H = H statistic (e.g., from table published in Gilbert 1987), 
n = number of observations in the data set 

If the 95% UCL exceeded the maximum value observed in the sampling results, the maximum value 

was used as the EPC for that constituent (whether the data were normally or log normally distributed). For 

both chemical and radiological constituents, "not detected" (ND, qualified as U or UJ) results were treated 

as one-half the limit of detection and included in the calculations of the mean and 95% UCL values. Samples 

reported as ND or zero with no detection limit were not utilized in calculating a 95% UCL. 

Blind field duplicates were.collected to assess variability in the sampling process. Duplicate 

samples were used in the data quality assessment but were not included in the calculation of the exposure 

point concentrations. If a data set had less than twenty observations (n<20), the maximum detected 

concentration was used as the EPC. For radionuclides, zero or negative results with no detection limits were 
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excluded from the data set. Data qualified as "J", or estimated values at concentrations less than the detection 

limit, were evaluated as half the detection limit. For "1" data,.which was greater than the detection limit or 

reported without the sample detection limit, the value was used as reported Data flagged with an "R", 

meaning rejected, were not used in calculating the EPC. 

2.4 Data Screening Process 

All constituents that were detected one or more times were listed in constituent summary tables and 
- - - - -. --- -- - - - - - - -  - - - -  - -  -. -- 

sorted by media and depth where they were detected. Soil data were also sorted by depth. The constituent 

screening methods described below were then used to generate a final list of constituents of potential concern 

(COPCs). The constituent summary tables also provide maximum detected concentrations, the range of 

contaminant detection limits, the frequency of detection, and the decision and rationale to include or exclude 

a constituent from further consideration in the RR= The following section describes ~OW'COPCS were 

selected. 

To make the COPC selection process easier to understand, the COPC selection tables have been 

broken into two tables. The first table identifies initial COPCs by comparing the maximum concentration 

detected in a given media to background values and Mound Guideline Values (GVs) for the given receptor. 

' 
The maximum concentration of a detected constituent was screened for frequency of detection. If it was 

detected in less than one out of 20 samples or a freq~iency of 5%, the constituent wzs not retained as a COPC. 

In this initial table, the constituents were also screened against corresponding background concentrations 

and GVs for the Mound. If the maximum concentration was less than either of these values, it was not 

carried through the RRE process. The second table identifies final COPCs by comparing the EPCs (minimum 

of either the 95% UCL or the maximum detected concentration) for the retained initial COPCs to background 

values. Tables 2.1 and 2.2 identify the COPCs in soil for the construction worker scenario and Tables 2.3 

and 2.4 identify COPCs for the site employee scenario. Tables 2.5 and 2.6 identify the COPCs in current 

groundwater for the construction worker scenario and Table 2.7 and 2.8 identify COPCs in current 

groundwater for the site employee scenario. Tables 2.9 and 2.10 identify the COPCs in future groundwater 

for the construction worker scenario and Tables 2.1 1 and 2.12 identify the COPCs in future groundwater for 

the site employee scenario. 

2.4.1 Screening Constituents Based on Background 

Site-specific background concentrations described as the 95% Upper Tolerance Limit (UTL) of the 

background sample results for each constituent were calculated for Mound Plant soil and groundwater, and 



Residual Risk Evaluation Parcel 4 
Public Review Draft 

December 2000 
Page 8 of38 

are presented in the Mound 2000 RREM (DOE 1997a). Constituents with a maximum detected 

concentration exceeding their level in background were identified as initial COPCs and carried to the next 

screening step of the RRE. Constituents with maximum concentrations less than their background 

concentration were not carried though the RRE. If no background value was available for a particular 

constituent (e.g., many organic compounds), the constituent was carried through to the next screening step 

of the RRE. These background concentrations were also used to quantify background risk. 

For initial COPCs with a 95% UCL of the arithmetic mean less than the maximum detected value, 

the 95% UCL was compared to background to determine whether the 95% UCL was below background. If 

the 95% UCL was below the background value for the constituent, the constituent was not identified as a 

COPC in the RRE. Eliminating these constituents is consistent with the Mound 2000 RREM and focuses the 

RRE on constituents detected above background. 

2.4.2 Screening Constituents Based on Guideline Values 

Soil and groundwater constituents with maximum detected concentrations greater than background 

concentration were compared to risk-based GVs for the Mound Facility (DOE 1997~) .  GVs are media- 

specific concentrations of constituents that correspond to specific human health risk levels for specified 

exposure scenarios. GVs were developed for the construction worker and site employee scenarios (see DOE 

1997c for the detailed derivation of GVs). Construction worker and site employee GVs, were used to screen 

detected constituents as COPCs to be retained for the quantitative risk assessment for each of the identified 

receptors. 

.The GVs used to screen COPCs were developed specifically for Mound, and were approved by the 

DOE, the U.S. EPA, and Ohio EPA. The GVs correspond to the 1.0~10-6 risk level for carcinogens and 

radionuclides, and to a Hazard Quotient (HQ) of one for each non-carcinogenic constituent. Some of the 

radionuclide GVs are designated as +D to indicate that cancer risk estimates and GVs include contributions 

from the radionuclide's short-lived decay products, or daughters. These calculations assumed equal activity 

concentrations (i.e. secular equilibrium) with the principal or parent nuclide .in the environment. For Parcel 

4, GVs for radionuclides that include daughter decay products were used for actinium-227, neptunium-237, 

radium-228, strontium-90, thorium-228, thorium-230, thorium-232, uranium-235, and uranium-238. When 

GVs were unavailable, they were calculated using the Mound GV methodology (DOE 1997c) due to updated 

toxicity criteria or lack of a previously calculated GV/ The calculations for these updated GVs are provided 

in Appendix C. 
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A 1x10-6 risk level represents an incremental increase of one human in a million of developing . 

cancer as a result of exposure to the GV concentration. A Hazard Quotient of one indicates that from an ' 

exposure at or below the given concentration, no adverse effects to humans are expected. Since the 

acceptable risk level for carcinogenic constituents specified in the NCP is a range of 1 X I  0-4 to 1 x10-6 (I 

lluman in 10,000 to 1 human in a million), screening COPCs against the whole GV is protective. The target 

threshold for non-carcinogenic constituents is a Hazard Index (HI) of less than or equal to one. The GV 

values were calculated for a HI of one. To account for the possibility of more than one non-carcinogenic 
. ~ 

-~ --. . . ~ .--- -. ~ ~~ --- ~ - . ~ - 

constituent, COPCs were screened using 111 0 the GV. Carcinogenic or radioactive constituents that exceed 

their GVs and non-carcinogenic constituents that exceed one-tenth of their GV were carried to the next step 

of the RRE. 

2.4.3 Screening Constituents Based on Frequency of Detection 

Constituents detected at concentrations above Mound background levels and above applicable GVs 

were next evaluated for their frequency of detection. Frequency of detection was evaluated as the number 

of detections divided by the total number of samples analyzed for a constituent. Infrequent detection was 

defined as five percent or less. This is equivalent to one detect in 20 samples. If there were an insufficient 

number of samples (e.g. less than 20) to determine whether the frequency of detection is five percent or less, 

the contaminant was not eliminated on the basis of frequency of detection. 

2.4.4 Screening Constituents Based on Essential Human Nutrients 

According to RAGS Part A (EPA 1989): "Chemicals that are (1) essential human nutrients, (2) 

present at low concentrations (i.e., only slightly elevated above naturally occurring levels), and (3) toxic only 

at very high doses (i.e., much higher than those that could be associated with contact at the site) need not be 

considered further in the quantitative risk assessment." Inorganic analytes meeting this description were not 

carried through the RRE. Calcium, chloride, iron, magnesium, potassium, and sodium are considered 

essential nutrients to humans. These compounds were detected in the Parcel 4 area at levels below or slightly 

elevated above background and are toxic only at very high doses. Concentrations of these compounds in on- 

site media would not be expected to result in intakes associated with a toxic response. Therefore, these 

compounds were eliminated as COPCs for the Parcel 4 area. 
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2.4.5 Additional Screening Procedures 

In accordance with the RREM, additional screening procedures also were used to evaluate Parcel 

4 area constituents. For example, in accordance with EPA's Functional Guideline for Organics (EPA 1988) 

if a blank contains measurable levels of a common laboratory contaminant, then the associated sample results 

were considered as positive results only if the concentration in the samples exceeded ten times the 

concentration in the blank. If the concentration of a common laboratory contaminant was less than ten times 

the blank concentration, the constituent was considered to be an artifact of laboratory handling and was not 

included in the RRE. Common laboratory contaminants include acetone, 2-butanone, methylene chloride, 

toluene, and phthalate esters. 

2.4.6 Screening Procedures for Future Groundwater 

To estimate the future concentration of COPCs in groundwater, the flow lube model was applied to 

bedrock well data based on the maximum concentration detected. This procedure is discussed in detail in 

Appendix B. In accordance with the RREM, an initial screen was necessary to determine which constituents 

were to be carried through the flow tube model. All constituents detected in the bedrock wells were screened 

for frequency of detection as well as a comparison to the background and GV values. Those constituents 

that exceeded these criteria were retained for flow tube modeling. In addition, those constituents that were 

COPCs in the current groundwater RRE were retained for flow tube modeling. To obtain a final estimated 

future groundwater concentration for each COPC, the maximum concentrations detected in a given bedrock 

flow tube was modeled for future contribution to the BVA and added to the EPC (lower of the 95% UCL or 

the maximum concentration) detected in the production wells. The estimated future maximum constituent 

concentrations in the BVA are presented in Appendix B. 

3.0 EXPOSURE ASSESSMENT 

The goal of the RRE exposure assessment is to estimate the type and magnitude of contaminant 

exposures that may occur under current and future conditions with the area being used for 

industrial/commerciaI purposes. The information gathered in the exposure assessment is integrated with 

toxicity information to characterize potential risks associated with exposure to residual contamination in the 

Parcel 4 area. 
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3.1 Characterization of Exposure Setting 

Parcel 4 consists of 95.2 acres located immediately south of the Mound Plant Production Area. On 

August 26, 198 1 the DOE purchased an additional 124 acres of land contiguous with and south of the 

original 182 acres at Mound Plant. The new property was bounded by the Mound Plant to the north, private 

property to the east, Benner Road to the south, and the Miami Erie Canal to the west. The land had been in 

use for agricultural purposes. Following purchase of the property in 1981, DOE razed a two-story brick 
-- - - - ---- - - - -- . - - - - -- - - - - - - - - - - - - - - - -- - - - -- - -- - - - - - - - -- - - - - - - - -- - 

house, a barn, a frame tool shed and an outhouse and disposed of some farm implements and discarded 

appliances left by the previous owner. A f m  fence was put up around the perimeter of the new property. 

In 1999 the north property line of this area was shifted slightly to the south to exclude an area of known 

contamination south of an east-west road running along the southern boundary of the Mound Plant 

production area. The remaining 95.2 acres is now called Parcel 4. 

Parcel 4 remains undeveloped with the exception of a construction gate, a road from Benner Road 

. . and gravel-surface parking area, a contractor storage area, and an above ground power line running 

approximately north-south through the center of the property. Topographically, the land can be described 

as gently rolling in the southwest with steeply sloped bluffs in the northwest where Parcel 4 abuts to the 

Mound Plant production area. There are natural drainage channels within Parcel 4 and groundwater seeps 

that are present year round. An archaeological survey of Parcel 4 was conducted in 1987. Two sites of 

archaeological interest were discovered, however, neither was regarded as being eligible for the National 

Register, and no further work was recommended at either location (Riordan 1987). 

PRS 306,3 14,406, and 419 are located in Parcel 4. PRS 306 is a groundwater seep located along 

the eastside of Parcel 4 approximately mid-way between the northern and southern boundaries. PRS 3 14 

is an area that contained farm debris and was the location of potential oil releases from previous farm 

operations. PRS 406 is a tongue-shaped area of potential radiological contamination in the northern end of 

Parcel 4 and on the Mound Plant property. PRS 406 was investigated and a surface water interceptor ditch 

was installed in August and September 1995. PRS 4 19 is the new Mound Plant drainage re-route. The 

Operable Unit 5 New Property Remedial blvestigation Report (RIR) (DOE 1996) concluded that no further 

assessment was needed for Parcel 4. 

3.2 Identifying Exposure Pathways 

Although many exposure pathways are possible: the RRE focuses on those pathways-that are likely 

to occur and are likely to contribute significantly to the overall risk. When identifying exposure pathways 
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it is important to keep in mind the four elements of an exposure pathway. An exposure pathway consists of: 

(1) a source of chemical releases, (2) a transport media, (3) a point of potential human contact with the 

contaminant or contaminated media, and (4) an exposure route (e.g. ingestion). If any of these elements is 

inissing or eliminated, the pathway will be incomplete and exposure will not occur. 

A pictorial representation of the exposure pathways identified for potential receptors is included in 

a conceptual site model for the Parcel 4 (Figure 3.1). The conceptual site model summarizes the pathways 

that hazardous substances may take to reach potential receptors. Exposure assumptions used to evaluate 

potential exposure pathways were drawn from the Mound Plant Risk-Bused Guideline Values (DOE 1997c) 

and the Mound 2000 RREM (DOE 1997a). Exposure assumptions used to quantify contaminant exposures 

are summarized in Table 3.1. 

3.3 Identifying Exposure Scenarios 

Residual contamination in Parcel 4 was evaluated for two potential use scenarios. Residual 

contamination in the Parcel 4 area was evaluated for adult construction workers and adult site employees. 

It was assumed that construction workers and site employees could potentially be exposed to soiVsediment, 

groundwater, and air. The evaluation of risk associated with exposure to residual contamination in the Parcel 

4 area for these receptors will indicate whether economic redevelopment can be safely conducted in the area. 

3.3.1 Construction Worker Scenario 

Since it is reasonable to assume that construction activities could occur within the Parcel 4 area, 

adult construction workers were identified as potential receptors. During construction activities, these 

receptors could be exposed to residual contamination present in soil at or below the land surface. Potential 

exposure pathways include incidental soil ingestion, dermal contact, external radiation exposure, and 

inhalation of airborne dust and vapors. Although the possibility of dermal exposure to surface and 

subsurface soil does exist for a construction worker, quantification of risk from this route of exposure 

requires both a chemical-specific skin absorption value and dermal toxicity value. Of the COPCs identified 

for Parcel 4, chemical-specific skin absorption factors are currently available for only benzo(a)pyrene and 

other polycyclic aromatic hydrocarbons (PAHs).   he use of dermal default absorption values for inorganic 

compounds is currently not recommended by EPA (EPA 1999b). For many chemicals, including most of 

the Parcel 4 COPCs, scientifically defensible data does not exist to derive a dermal toxicity value or for 
r 

making an adjustment of on oral cancer slope factor (CSF) or reference dose (RfD) to estimate a 'dermal 

toxicity value (EPA 1999b). Without these critical input parameters, risk due to dermal exposure to soil 
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cannot be quantified. However, EPA recommendations for the adjustment of toxicity factors for PAHs were 

used. The ~xclusion of inorganic compounds and radionuclides from this pathway is expected to have a 

minimal impact on the final risk-based calculations because human exposure to these compounds in soil is 

generally driven by other pathways of exposure, such as external exposure or incidental ingestion. 

It was also assumed that construction workers would use BVA groundwater for drinking water 

supply and for showering. Exposure pathways include ingestion and inhalation of vapors and dermal contact 

with groundwater while showering. Construction workers ------- were assumed to be on the pt~perlty~8_ho.urs.per 

day, 250 days per year over a 5-year period. Since construction workers are assumed to be adults, a body 

weight of 70-kilogram was used to assess exposure to chemical contaminants. 

Current and future exposure scenarios for the construction worker are identical except for 

groundwater. In order to estimate the future contaminant concentrations in groundwater, the modeled hture 

estimated concentration of contaminants detected in the bedrock aquifer were added to current contaminant 

concentrations in the Mound Plant production wells. Exposure pathways evaluated for the construction 

worker for both current and future scenarios, include: 

incidental ingestion of soil at or below land surface; 

external exposure to ionizing radiation from radionuclides in soil at or below land surface; 

inhalation of airborne contaminated dust; 

. inhalation of volatile emissions from soil; 

. ingestion of contaminated groundwater as drinking water; 

inhalation of volatile contaminants from goundwater while showering at work; 

. dermal contact with soil at or below land surface; and 

. dermal contact with contaminated groundwater while showering at work. 

The parameters used to evaluate these pathways and their references are provided in Table 3.1. 

3.3.2 Site Employee Scenario 

Although exposures will vary depending on the type of work performed, it is reasonable to assume 

that a site employee at Parcel 4 will be exposed to residual contamination left on the property. The site 

employee scenario assumes that a worker will be employed in an office or commercial setting, with the 

majority of working hours spent indoors. Such occupations are not expected to involve direct work with 

surrounding soils, as would be expected with the constru~tion worker. The exposure routes evaluated for the 

a site employee are similar to those evaluated for the construction worker except the site employee is assumed 
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to work indoors and therefore have less exposure to site soil. Potential soil exposure pathways include 

incidental soil ingestion, external radiation exposures, and inhalation of airborne dust and vapors. Site 

employees were assumed to use BVA groundwater for potable supply, but are not expected to shower at 

work. Site employees were assumed to be on the property 8 hours per day, 250 days per year over a 25-year 

period. Since site employees were assumed to be adults, a body weight of 70-kilogram was used to assess 

exposure to chemical contaminants. The exposure pathways evaluated for the future site employee include: 

incidental ingestion of soil 0-2 feet below land surface; 

external exposure to ionizing radiation from radionuclides in soil 0-2 feet below land surface; 

inhalation of airborne contaminated dust; 

. inhalation of volatile emissions from soil; and 

ingestion of contaminated groundwater as drinking water; 

The parameters used to evaluate these pathways and their references are provided in Table 3.1. 

3.4 Exposure Point Concentrations 

Exposure point concentrations (EPC) are the concentrations of contaminants available to human receptors 

at the point of contact. The EPC for soil and current groundwater used in the RRE was calculated as the 95% 

UCL of the arithmetic mean of the data, using the Student's t-statistic. If the data were found to be 

lognormally distributed, the EPC estimate was calculated as the 95% UCL using the H-statistic (EPA 

1992a). 

Only surface soil data (0-2 feet below landsurface) were used to calculate the EPC for the site 

employee. Site employees are assumed to spend most of their time indoors and have limited contact with 

surface soil. Construction workers were assumed to be exposed to both surface and subsurface soil. 

Therefore, the EPC for the construction worker was calculated using soil sample data collected at any depth. 

3.5 Human Intake Equations And Assumptions 

This section presents the exposure equations and assumptions used to derive contaminant-specific 

intake estimates for the populations and exposure pithways evaluated in the risk assessment. The use of the 

intake equations presented in this section is in accordance with methods presented by EPA in Risk 

Assessment Guidance for Superfund (RAGS) Part A (EPA 1989) and the RREM presented in Mound 2000 
.- 

(DOE 1997a). Exposure assumptions have been developed to represent high-end RME conditions. Exposure 
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assumptions for each of the potential receptors, and corresponding guidance or rationale used in this 

assessment are presented in Table 3.1. 

For chemicals, exposure generally refers to the intake (e.g., inhalation, ingestion, dermal exposure) 

of the chemical, expressed in units of mgkg-day. Toxicity values for chemicals are generally expressed in 

these terms; therefore. the product of the intake estimate with the toxicity value yields a risk va!ue. There 

is a fundamental difference between exposures to chemical contaminants as compared to radionuclide 

- .  . contamjnants. Radio~uclides can have deletejous effectxon humans-without being taken into_the_body._ - - - 

Radiation exposure can result from exposure to gamma and x-ray emitting radionuclides that are external 

to the receptor. 

The approach used to estimate intake for chemical contaminants largely applies to radionuclides. 

However, there are a few key differences in the methods. For example, in addition to the ingestion, 

inhalation, and direct contact pathways considered for chemical contaminants, external exposure to 

penetrating radiation was also evaluated for radionuclides. Equations for estimating the intake of 

radionuclides have been modified by omitting the body weight and averaging time from the denominator. 

The slope factors for radionuclid& are expressed as the average risk per unit intake or exposure for an 

individual in a stationary population; therefore, radionuclide intakes and slope factors are not expressed as 

a function of body weight and time. 

Another key difference in the method used to assess radiological risk is the inclusion of short-lived 

decay products, or daughter products, for radionuclides designated with the suffix +D. The calculation of 

risk for radioactive decay chain products assumed equal activity concentrations (i.e. secular equilibrium) 

with the principal or parent nuclide in the environment. Risk calculations for decay chain products were 

assessed by summing the ingestion, inhalation, and external slope factors for the parent radionuclide and 

decay members of continuous decay chains (EPA 2000). 

Chemical intakes from oral and inhalation exposure are expressed as the amount of chemical at the 

exchange boundary (e.g., skin, lungs, intestine) that is available for absorption. These intakes are not 

equivalent to the absorbed dose (the amount of chemical actually absorbed into the blood stream). Dermal 

doses are expressed as estimates of absorbed dose. The toxicological reference values used to calculate risk 

have been adjusted to account for this difference; however, this discrepancy is a source of uncertainty when 

comparing or combining dermal doses with intakes from other exposure routes. 

3.5.1 Soil Exposure Pathways 
I 

Exposure to soil through incidental ingestion was evaluated for construction workers and site 
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employees under current and future land use scenarios. Intake estimates for the chemical contaminants in 

the soil ingestion pathway were estimated by means of the following equation: 

lntake (mg / kg -day) = Csoil.x IR x EF x ED x CF 
B W x A T  

Where: 

CSO = Contaminant concentration in soil (mglkg) 

1R = Ingestion rate (mglday) 

EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

CF = Conversion factor (10-6 kglmg) 

BW = Body weight (kg) 

AT = Averaging time for cancer and non-cancer effects (days) 

Radionuclide intake estimates for the soil via incidental ingestion was estimated by means of the following 

equation: 

Intake (pCi) = Cso x IR x EF x ED x 
CF 

Where: 

CSO = Radiological activity in soil (pCi1g) 

IR = Ingestion rate (mglday) 

EF = Exposure frequency (dayslyear) 

ED ' = Exposure duration (years) 

CF = Conversion factor (10-3 glmg) 

Unlike inhalation and ingestion exposure to soil, the external radiation exposure term is defined as 

an equivalent radionuclide concentration in soil that an onsite receptor would be exposed to for a particular 

duration. This exposure term is adjusted for exposure time and shielding. For the Parcel 4 area RRE a 

default-shielding factor of 20% for the site employee and 10% for the construction worker scenarios were 

assumed. These assumptions provide for a conservgtive estimate of external radiation exposure. 

The intake equation for radionuclide contaminants via the external exposure pathway was estimated 

using the following equation: ,- 

IhXt (pCi/g-yr) = Cso x EDex x (I-Se) x Te 
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Where: 

IRext = External exposure contact rate (pCi-yrlg) 

Cso = Radiological activityof soil (pCi1g) 

EDex = Exposure Duration x 0.685 (days workedldays in a year= 2501365) (year) 

Se = Gamma Shielding Factor (unitless) 

Te = Gamma Exposure Time Factor (unitless) 

-. 
- -  

- - -Intake of-soil (fugitive-dust)-via inhalation-was evaluated for-construction~workeTs and site 

employees under current and future use scenarios. The intake equation for chemical contaminants by this 

means is provided below: 

Intake (mg 1 kg -day) = Cso x IRair x EF x ED 
PEFxBWxAT 

Where: 
- 

cso  - Contaminant concentration in soil (mglkg) 
IRair = Inhalation rate (m3/day) 

EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

PEF = Particulate emission factor (4.28 x 109 m3/kg, EPA default value) 

BW = Body weight (kg) 

AT = Averaging time for cancer and non-cancer effects (days) 

The intake equation for radionuclide contaminants via inhalation of fugitive dust was estimated 

using the following equation: 

Intake (pCi) = C, x IKi, x EF x ED x CF 

PEF 

Where: 

CSO = ~adiblo~ical  activity in soil (pCilg) 
IRair = Inhalation rate (m3/day) 

EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

CF = . Conversion factor (1 000 glkg) 

PEF = Particulate emission factor (4.28 x 109 rn3/kg, EPA default value) 
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The PEF relates the concentration of the contaminant in soil to the concentration of respirable 

particles in the air from fugitive dust emissions. These emissions result from wind erosion. The default 

value of 4.28 x 109 m3/kg was taken from ~ i s k - ~ a s e d  Guideline Values (DOE 1997~).  

Volatilization of chemical contaminants from soil may result in exposures via inhalation for 

construction workers and site employees; however, no volatile COPCs were identified in the Parcel 4 area. 

Therefore, this pathway was not evaluated for chemical constituents. 

3.5.2 Groundwater ~ x ~ o s u r e  Pathways 

Intake from the ingestion of groundwater was evaluated for construction workers and site employees 

under current and future use scenarios. The current concentration of contaminants in groundwater was 

derived from concentrations detected in the Mound Plant production wells. The future concentration of 

contaminants in groundwater assumes that all contaminants detected in the bedrock wells will migrate to the 

BVA and be withdrawn at the Mound Plant production wells. Historical and current bedrock well data b a s  

screened and modeled to predict future contribution to the BVA from bedrock using a Flow Tube Model. 

This future bedrock estimated concentration was then added to the EPCs in the Mound Plant production 

wells to provide the estimated future contaminant concentrations in groundwater used to calculate future 

groundwater risk. The discussion of the Flow Tube Model and future bedrock estimated concentrations and 

total future estimated groundwater concentrations are presented in Appendix B. Risk was then calculated 

for current and future intake of groundwater under the construction worker and site employee scenarios. The 

following equationwas used to estimate current and future intake of chemical COPCs from the ingestion of 

groundwater as a drinking water source for both the construction worker and the site employee: 

Constituent Intake (mg I kg-day) = C W x I R w x E F x E D  
B W x A T  

Where: 
- c,v - constituent co~icentration in water (mg/L) 

IRw = ingestion rate (Llday) 

EF = exposure frequency (dayslyear) 

ED = exposure duration (years) 

BW = body weight (kg) 

AT = averaging time (days) 

In addition to groundwater ingestion, the construction worker was assumed to shower at work. 

While showering, workers were assumed to have dermal exposure to contaminants in groundwater and to 
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inhale volatile contaminants while showering. The dermal absorbed dose from dermal contact with 

constituents in groundwater was calculated as follows: 

Constituent DAD (rng I kg - day) = DAevent EV EF x SA x ED 
B W x A T  

Where: 

. - - - - - - -- . - - - - -- - 

DAD = dermal absorbed dose (mg/kg-day) 
- - - - - -absorbed-dose-per-event in-water-(rndcrn-2-event) -- - -- - 

events per day (day ' )  

exposure frequency (dayslyear) 

surface area of skin exposed (crn2) 

exposure duration (years) 

body weight (kg) . 

averaging time (days) 

For inorganics, DAevent (mg/cm2-event) was calculated as follows: 

Where: 

DAevent = absorbed dose per event in water (mdcrn2-event) 

K~ 
- - chemical-specific permeability coefficient (crnlhr) 

c w  - - concentration of chemical in water (rng/L) 
- 

tevent - duration of event (hrlevent) 

For organics, DAevent (rng/crn2-event) was calculated as follows: 

Where: 

DAevent 
- - absorbed dose per event in water (mdcm2-event) 

K~ 
- - permeability coefficie~it from water (constituent-specific, cmlhr) 

c w  
- - concentration of chemical in water (rng/cm3 = 10-3 mg/L) 
- 

tevent - duration of event (hrlevent) 
- - T. lag time (hour) . ~. 

n - - constant (3.14 1 59) 
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Constituent-specific permeability coefficient values (Kp) and the formula for the calculation of 

K p  was taken from Chapter 5 of Dermal Exposure Assessment: Principles and Applications (EPA 

1992b). If a Kp was not found, it was calculated using the following formula: 

log (PC) = -2.72 + 0.71 log ( KO/,) - 0.0061 MW 

Where: 

logPC = log of the constituent-specific permeability coefficient 

Kolw 
- - octanol/water coefficient (constituent-specific) 

MW - - molecular weight (glmole) 

The following equation was used to calculate the intake of radionuclides from dermal contact with 

water: 

Where: 
- c w  - concentration of contaminant in water (pCi/L) 

SA = surface area of skin exposed (crn2) 
- 

K~ - 
chemical-specific permeability constant (cmlhr) 

EF = exposure frequency (dayslyear) 

ED = exposure duration (years) 

ETs = duration of event (hoursfday) 

The following equation will be used in the RRE to calculate chemical contaminant intake from 
inhalation during showering: 

Where: 

c w  
K 

IRair 
EF 

ED 

ET 

CF 

BW 

AT 

contaminant concentration in water (mg/L) 

volatilization factor ( ~ l m 3 )  

inhalation rate (m31d) 

exposure frequency (dlyr.) 

exposure duration (yr.) 

exposure time (hrld) 

conversion factor (I dl24 hr) 

body weight (kg) , 

averaging time (yr x 365 dlyr.) 
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• Tritium is the only radionuclide present at the Mound Plant that is volatile enough that its vapor 

needs to be considered for the inhalation pathway. The following equation was used to calculate tritium 

intake from inhalation during showering: 

L 
Intake(pCi) = Cw x IRair x EF x ED x Mtotal x ETs x - 

l ooog 
-- - - - - --- - -- - - - -- -- - ---pp-----------p--p ~ 

Where: 

c w  
- - Tritium concentration in water (pCi/L) 

IRair = inhalation rate (m31d) 

EF = exposure frequency (d/yr) 

ED = exposure duration (y) 

M ~ o t a l  = airborne mass concentration of water in shower (66.96 g/m3, 

HAZWRAP, 1995) 

ETs = shower duration (hrld) 
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4.0 TOXICITY ASSESSMENT 

The objectives of the toxicity assessment are to identify and select toxicological values for use in 

estimating the significance of the exposure and to evaluate potential adverse effects associated with exposure 

to compounds detected in Parcel 4. The RRE for the Parcel 4 area evaluated chronic exposures. The RRE 

utilized methods recommended by EPA for evaluating human cancer effects resulting from exposure to the 

COPCs. Toxicity criteria used in the RRE were obtained from the most current update of the EPA Integrated 

Risk Information System (IRIS) or, if the information was not available in IRIS, the EPA Health Effects 

Assessment Summary Tables (HEAST). IRIS is an electronic database containing the most current 

descriptive and quantitative EPA regulatory information on chemical and radiological constituents. 

Constituent files maintained in IRIS contain information related to non-carcinogenic and carcinogenic health 

effects of constituents. HEAST is a published reference, updated periodically by EPA. HEAST contains 

slope factors needed to evaluate the carcinogenicity of radionuclides. Table 4.1 presents a summary of 

toxicological criteria used along with the chemical-specific characteristics used to estimate dermal absorbed 

dose and the concentrations present in vapors or dust. 

In assessing the potential for non-cancer health effects, EPA assumes that there is a threshold below 

which no adverse toxic effects are expected. For example, a toxic threshold would exist if a substance had 

no toxic effect at a certain level of exposure, but did have a toxic effect at a higher level. EPA derives and 

publishes reference doses (RfDs) and reference concentrations (RfCs) for use in evaluating adverse non- 

carcinogenic effects. These are estimates (with uncertainty spanning all order of magnitude or greater) of 

daily human exposures, including sensitive sub-populations, that may go without appreciable deleterious 

effects during a lifetime (EPA 1989). EPA derives RfDs and RfCs for humans, based on estimates of the 

no-observable-adverse-effect-level (NOAEL) or lowest-observable-adverse-effect-level (LOAEL) observed 

in test organisms. EPA classifies all radionuclides as carcinogens and the process of carcinogenesis is 

generally thought to be a phenomenon without a threshold for effect (EPA 1989). The basis for this 

presumption is that an extremely low level of exposure to some carcinogens may result in chromosomal or 

enzyme changes leading to uncontrolled cellular proliferation, or cancer. EPA does not therefore, estimate 

an effect threshold for carcinogenic chemicals. EPA uses a two-part evaluation for carcinogens. First the 

constituent is assigned a weight-of-evidence classiecation based on both epidemiological evidence of 

carcinogenic effects and laboratory tests conducted with animals. Then a cancer slope factor (CSF), is 
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calculated. The HEAST lists ingestion, inhalation, and external exposure CSF for radionuclides in the units 

of picocuries (pCi). Ingestion and inhalation slope factors are central estimates in a linear model of the age- 

averaged, lifetime-attributable radiation cancer incidence (fatal and nonfatal) risk per unit of activity inhaled 

or ingested. The slope factor is a plausible upper-bound estimate of the slope of the dose-response curve in 

the low dose range. In risk assessment, the cancer slope factor is used to estimate the excess lifetime 

probability of a carcinogenic effect occurring in exposed receptors. 

- - -. - - - - - - -  - - - -  - .  -_ - _~ .__ _ - _ ..._-- -- - - -  - - - - .- - -  - .- -- _ _ - -- - . 

4.1 Toxicity Values for Evaluating the Dermal Pathway 

Toxicological reference values are available only for the oral and inhalation pathways, and the 

majority of these values are based on intake (i.e., administered dose) rather than an absorbed dose. Because 

the intake equation for the dermal contact pathway calculates absorbed dose (by incorporating a dermal 

absorption factor or a permeability coefficient), it is necessary to convert the administered dose toxicity value 

to an absorbed dose toxicity value in order to calculate risk. For non-carcinogens, the administered dose 

toxicity value (i.e., the RfD) was multiplied by the gastrointestinal absorption factor. For carcinogens, the 

slope factor was divided by the gastrointestinal absorption factor. For the Parcel 4 RRE oral administered- 

@ 
dose, EPA recommended compound-specific gastrointestinal absorption factors used for adjusting toxicity 

values were only available for PAHs. 
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5.0 RISK CHARACTERIZATION 

This section presents the risk characterization for the Parcel 4 area. In risk characterization, 

illformation from the exposure assessment (Section 3) is combined with information from a toxicity 

assessment (Section 4) to characterize human health risks. 

5.1 Risk Characterization Methods 

Risk characterization integrates the exposure and toxicity assessments by comparing estimates of 

intake or dose with appropriate toxicity values. This in turn provides an indication of the potential for 

adverse effects to exposed receptors. The objective of the risk characterization is to determine if exposure 

to contaminants associated with the site poses risks that exceed EPA target levels for human health effects. 

The results of the risk assessment may thus support the determination of site release or the need for site 

remediation. 

The RRE reports the incremental risk, total risk, and risk from background for each contaminant 

evaluated in Parcel 4 Area. The incremental risk is the risk posed by site-related contamination above the 

risk posed by background environmental levels. Background risk is the risk resulting from sources other 

than the Mound-related residual contamination. Site-specific background values are provided in the Mound 

2000 RREM (DOE 1997a). The Mound 2000 background values that correspond to the Parcel 4 COPCs 

were used as the EPCs to determine background risk. Total risk is the sum of the background and 

incremental risk. This risk characterization presents a separate evaluation of non-carcinogenic and 

carcinogenic effects. The assessment distinguishes cancer from non-cancer effects because organisms 

typically respond differently following exposure to carcinogenic or non-carcinogenic agents. Quantification 

methods for cancer and non-cancer effects are discussed separately in the following sections. 

5.1.1 Quantification of Carcinogenic Risk 

Cancer risks are probabilistic estimates of the excess (incremental) lifetime cancer risk for an 

individual specifically attributable to long term exposure to site-related chemicals. The procedure for 

calculating risk associated with exposure to carcinog~nic compounds has been established by EPA (EPA 

1989). A non- threshold, dose-response model was used to calculate a cancer slope (potency) factor for each 
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COPC. To derive an estimate of risk, the cancer slope factor was multiplied by the estimated chronic daily 

intake experienced by the exposed individual: 

Risk = CDI x CSF 

Where: 

Risk = High end estimate of the excess lifetime cancer risk to an individual (unitless 

probability) 

-~ - - . CDI ---Chronic daily intake averaged over anestablished pe~i.ed_(mglkg.body weightlday) - -  - - 

CSF = Cancer slope factor (95% upper-bound estimate of the slope of the dose-response 

curve) expressed as (mglkg body weightlday)-1 r 

To evaluate the risk of exposure to more than cae carcinogenic COPC, the risk estimates for 

each COPC were summed to provide an overall estimate of total carcinogenic risk (EPA 1989). 

a 
Where: 

Riskt = The combined excess lifetime cancer risk across chemical carcinogens 

Riski = The risk estimate for the ith chemical of n chemicals under evaluation. 

5.1.2 Quantification of Non-carcinogenic Risk 

The traditionally accepted practice of evaluating exposure to non-carcinogenic compounds has been 

to experimentally determine a NOAEL and to divide this by a safety factor to establish an acceptable human 

dose. for example, acceptable daily intake or RfD. The RfD is then compared to the average daily intake 

experienced by the exposed population to obtain a measure of concern for adverse non-carcinogenic effects: 

Where: 

HQ = Hazard Quotient: potential for adverse non-carcinogenic effects 

Intake = Average daily intake for subchronic or chronic exposure (mg/kg body weightlday) 

R f D  = Acceptable intake for subchronic or chronic exposure (mglkg body weightlday). 
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To evaluate exposure to multiple non-carcinogenic COPCs the HQs for all COPCs were summed 

to obtain the Hazard Index (HI). 

Where: 

HI = Hazard Index 

HQi = Hazard Quotient for the ifh chemical of n chemicals under evaluation. 

EPA has established acceptable risk levels for use in determining the need for site remediation. For 

non-carcinogenic effects, EPA has set the acceptable HQ at one. If the HQ is greater than 1, there is the 

potential for adverse health effects at the given exposure/dose level, but the HQ value is not an indication 

of the severity of the effects. For multiple non-carcinogens, the HQs fc.- all of the chemicals under 

evaluation are summed resulting in the HI. If the HI is > 1, the potential also exists for adverse health effects 

resulting from exposure to mixtures of chemicals. In cases where the HQ for individual substances is below 

1 yet several HQs sum to greater than 1, EPA recommends segregating the compounds into groups with like 

or common toxicological effects and re-evaluating the potential for the various adverse health effects. In 

cases where HQs for individual substances are greater than 1, this step is not necessary or useful. a 
5.2 Risk Characterization Results 

The following sections present the risk characterization results for the Parcel 4 by potential receptor. 

Risk estimates for individual soil COPCs for all scenarios and pathways are presented in Tables 5.1 through 

5.6. Tables 5.1 through 5.3 present soil risk estimates based on construction worker exposure parameters, 

and Tables 5.4 through 5.6 present soil risk estimates based on site employee exposure parameters. Total 

risk was calculated using the total concentration of the COPCs detected in Parcel 4. Background risk was 

based on background levels of the COPCs and incremental risk was calculated using the difference between 

total and background levels. Incremental risk can be used to assess the increase in risk above background 

levels due to Mound Plant operations. Tables 5.19 through 5.21 present summaries of the risk results for all 

scenarios and media for exposure pathways asskssed in the RRE. 

Current groundwater risk was assessed using the EPC for the COPCs and the risk equations 

presented in Section 3.5.2. Appendix B presents the hethodology for calculation and values of the future 

groundwater COPCs. Risks due to exposure to current and future groundwater are presented in Tables 5.7 
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through 5.18. In the summary Tables 5.19 through 5.2 1, risk estimates that are at or above the non-cancer 

HI of 1 and the cancer acceptable risk level of are bolded. The NCP acceptable risk range is 10-4 to 

10-6 and risk is evaluated at levels above 10-6. 

5.2.1- Construction Worker Risk Results 

Soil - 
-.-. - .. ~~ - - _ - _ _  _ - . .  - -  - - -. . _ _  - . - - . - -- 

Final COPCs for soil for the construction worker are identified in Table 2.2. Tables 5.1 through 5.3 

present total, background, and incremental risk for a construction worker in Parcel 4, respectively. Total 

residual non-carcinogenic risk for a construction worker due to COPCs in soil was 0.19, which is below the 

target HQ of one. Most of this risk (0.15 or 80%) is due to antimony. Background and incremental residual 

non-carcinogenic risk for a construction worker due to COPCs in soil also fell below the target HQ of one. 

Total and incremental residual cancer risk from soil for a construction worker in Parcel 4 is 3.3~10-5 and 

2.9~10-5, respectively, which falls within the acceptable risk range of 10-4 to 10-6. Background residual 

risk from soil for a construction worker in Parcel 4 was 6.9x10-~ and is based only on background 

concentrations of thorium-230. Incidental soil ingestion and external radiation are the exposure pathways 

that contributed significantly to residual cancer risk. Incidental soil ingestion contributes 60% and external 

radiation contributes 41% of the total residual cancer risk for a construction worker in Parcel 4 soil. 

Current Groundwater 

Final COPCs for current groundwater for the construction worker are identified in Table 2.6. Total, 

background, and incremental risk for a construction worker exposed to current groundwater is presented in 

Tables 5.7 through 5.9. Total and incremental non-carcinogenic residual risk from current groundwater for 

the construction worker is 1.3. This value exceeds the target HI of 1. Antimony is responsible for 84% of 

the current groundwater non-carcinogenic risk. Current background non-carcinogenic residual risk for the 

construction worker due to exposure to groundwater is 0.0 17, which does not exceed target non-carcinogenic 

risk. Current total and incremental carcinogenic risks associated with exposure to groundwater is 2.1~10-6, 

which falls within the acceptable risk range of 10-4 to Thorium-230 is responsible for 100% of 

carcinogenic risk via the ingestion pathway. 
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Future Groundwater 

Final COPCs for future groundwater for the construction worker are identified in Table 2.10. Total, 

background, and incremental risks for the construction worker are presented in Tables 5.13,5.14, and 5.15, 

respectively. Total residual non-carcinogenic risk from future groundwater for the construction worker was 

5.5. Background non-carcinogenic risk from future groundwater for the construction worker scenario was 

0.23 and increment residual non-carcinogenic risk from future groundwater was 5.4. Total and incremental 

non-cancer risk for the construction worker exceed the target Hazard Index (HI) of 1. Future total and 

incremental carcinogenic residual risk from groundwater for the construction worker scenario was 3.0~10-4 

and 2.9~10-4, respectively, which exceed the acceptable risk range for carcinogens. Background residual 

carcinogenic risk from future groundwater for the construction worker scenario was 8.8~10-6, which falls 

within the acceptable risk range. 

Air - 

Potential cumulative carcinogenic risk due to exposure to contaminants in air was 2.1~10-7, which 

is less than the acceptable risk range. None of the COPCs identified in air have non-carcinogenic risk 

criteria, so a HI was not calculated for exposure to contaminants in air. 

5.2.2 Site Employee Risk Results 

Surface Soil 

Final COPCs for surface soil for the site employee are identified in Table 2.4. Total, background, 

and incremental residual soil risk for a site employee in Parcel 4 is presented in Tables 5.4, 5.5, and 5.6, 

respectively. Total residual non-cancer risk for a site employee exposed to surface soil in Parcel 4 is 

0.00067, which is well below the acceptable HQ of one. Background and incremental residual non-cancer 

risk for a site employee exposed to surface soil in Parcel 4 is also well below the acceptable HQ of 1. Total 

and incremental residual cancer risk.frorn surfade.~oil for a site employee in Parcel 4 are 1.0~10-4 ,and 

6 . 4 ~  10-5, respectively, which fall within the acceptable risk range of 10-4 to 10-6. Background residual 

cancer risk from surface soil for a site employee in Parcel 4 is 4.4~10-5. External exposure to surface soil 

is the exposure pathway that contributes 95% to residdal soil cancer risk for the site employee from Parcel 
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Current Groundwater 

Final COPCs for current groundwater for the site employee are identified in Table 2.8. Total, 

background, and incremental residual current groundwater risk for a site employee in Parcel 4 is presented 

in Tables 5.10, 5.1 1, and 5.12, respectively. Total and incremental non-carcinogenic residual risk from 

current groundwater for the site employee scenario is 1.1, which exceeds the acceptable HI of 1. Antimony 

via the ingestion pathway is responsible for 85% of the non-carcinogenic risk. Current background non- 
- 

- --. 
- - -  - --- 

-carcinogenic residual risk-for the site employee-due to exposure togrouildwater does not exceed target non- 

carcinogenic risk. Total and incremental carcinogenic risks for site employees exposed to current 

groundwater is 2 . 2 ~  10-5 and 13x1 0-5, respectively. These values fall within the acceptable risk range of 

10-4 to 10-6. Actinium-227, plutonium-2391240, thorium-228, thorium-230, and uranium-234 contribute 

equally to the carcinogenic risk via the ingestion pathway. Current background cancer risk to the site 

employee presents a risk of 3.3~10-6, which is within the target cancer risk range. 

Future Groundwater 

Final COPCs for future groundwater for the site employee are identified in Table 2.12. Total, 

background, and incremental risks for the site employee are presented in Tables 5.16, 5.17, and 5.18, 

respectively. Future total and incremental non-carcinogenic residual risk from groundwater for the site 

employee scenario were 5.1 and 4.9, respectively. Both of these values exceed the acceptable HI of 1. 

Future background non-carcinogenic residual risk in groundwater for the site employee is 1.2, which exceeds 

the acceptable Hazard Index of 1. Future total and incremental carcinogenic residual risk from groundwater 

for the site employee scenario is 5.9~10-5 and 5 . 4 ~  10-5, respectively. Total and incremental carcinogenic 

risk associated with exposure to groundwater falls within the acceptable risk range of 10-4 to 10-6 for the 

site employee scenario. Background carcinogenic residual risk from groundwater for the site employee 

scenario was 5.5~10-6, which also falls within the acceptable risk range of 10-4 to 10-6. 

Air - 

Potential cumulative carcinogenic risk due to site employee exposure to contaminants in air was 

9.9~10-7, which is slightly less than the acceptable risk range. None of the COPCs identified in air have 

non-carcinogenic risk criteria so a HI was not calculated for exposure to contaminants in air. 
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5.2.3 Overall Summary of Risk Results 

An overall summary of total, background, and incremental cancer and non-cancer risks are presented 

in a table included with the Executive Summary and in Tables 5.19 through 5.21 The risk values in the tables 

are broken out by media (i.e., groundwater, air, and soil) and are the sum of risks for all pathways for the 

construction worker and site employee scenarios. Overall carcinogenic and non-carcinogenic risks associated 

with exposure to soil and air fall within the acceptable risk range of 1 o - ~  to 10-6 and an HI of less than one 

for both potential receptors. Total and incremental carcinogenic and non-carcinogenic risks exceed the 

acceptable risk range for the future construction worker and the future site employee due to potential 
< 

exposure to groundwater. Incremental carcinogenic risk is within the acceptable risk range for the current 

construction worker and current site employee. Total carcinogenic risk is within the acceptable risk range 

for the current construction worker but exceeds the acceptable risk range for the current site employee. Total 

and incremental non-carcinogenic risks for the current and future construction worker, and current and future 

site employee exceed an HI of one due to potential exposure to groundwater. The cumulative incremental 

non-carcinogenic risk exceeds the standard (HI= one) for the four scenarios listed in the Overall Summary 

of Risks Table (presented below). The cumulative incremental excess lifetime cancer risk exceeds the 

acceptable risk range (10-4 to 10-6) for the future Construction Worker Scenario (3.2~10-4) and for the 

future Site Employee Scenario (1  2x10-4). Where overall risk exceeds acceptable levels, these risks are 

driven by exposure to groundwater. These exceedances result from the conservative nature of the 

groundwater analysis. The groundwater model does not take into account natural physical and chemical 

processes such as dilution, dispersion, adsorption, and soil properties that may reduce contaminant levels 

by the time it reaches the BVA. As a result, the future groundwater exposure point concentration is biased 

high and conservative. Specifically, using the maximum detected value (a single measurement) from a data 

set that spans approximately seventeen years as the concentration representing a contaminant of potential 

concern, and assuming contaminants are present only in their most toxic form, overestimate the risk. Details 

are provided in Section 6, Uncertainties. Given the conservative nature of the RRE and the associated 

uncertainties, the risks presented in this table represent the upper-bound plausible limit of risks (worst case 

scenario). Based on the protective measures presented in the Proposed Plan forparcel 4 and the conservative 

nature of the RRE, the future groundwater risks preserited will be managed to be protective of human and 

environmental health. 
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6.0 UNCERTAINTY IN THE RISK ASSESSMENT 

In  the following section, an evaluation is presented of the sources of uncertainty in the Parcel 4 area 

RRE and the relative influence of these sources on the results of the evaluation. Uncertainty is inherent in 

the selection of input parameters and in every step of the risk assessment process. Risk assessment of 

contaminated sites must not be viewed as yielding single value, invariant results. Rather, the results of risk 

-- - - assessment - are -- estimates - that spana range of possAe_vdues, md-which must-be understood only-in-light- - 

of the assumptions and methods used in the evaluation. 

The results of the RRE are presented in terms of the potential for adverse effects based upon a 
* 

number of conservative assumptions. The tendency to be conservative is an effort to err toward protecting 

health. Uncertainty can be found at all phases in the risk assessment: in the analytical data, the exposure 

assessment, the toxicity assessment, and the risk characterization. Where uncertainty does exist, the RRE 

uses conservative assumptions to ensure that the outcome will be protective. 

6.1. Uncertainty in Analytical Data 

Uncertainty is introduced to the RRE when sample locations are selected and when samples are 

collected and analyzed. In the RRE, the long-term exposure concentrations were upper estimates of site 

concentrations (e.g., maximum detect or 95% UCL); therefore, a conservative bias to overestimate potential 

exposure has been. incorporated into the risk estimates. The uncertainty associated with the statistical 

analysis of environmental data is low, with little introduction of bias. 

Data for the RRE was collected over a 17-year period (1983-2000) and analytical detection limits 

and methods have changed. This has resulted in current lower detection limits and presents uncertainty in 

the data by adding potential bias to the EPC for a constituent. The earlier data with higher detection limits 

resulted in non-detected concentrations that were higher in some cases than current maximum detected 

concentrations. Since % the detection limit was substituted for non-detected concentration limits this tends 

to bias the EPC high. For groundwater, the historjcal and current groundwater data were collected and used 

to develop the EPC by a conservative approach and model presented in Mound 2000 RREM. Uncertainty 

is introduced because the analytical results for constituents in the groundwater, collected over a 17-year time 

period, may not meet the DQOs currently in place for data collection at Mound. Antimony is an example of 

this type of uncertainty. The long time frame also meansthat contaminants detected in the production wells 
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and bedrock wells may have degraded. For example, 17 years is greater than one half-life for tritium. The 

concentration of tritium in groundwater is reduced by half every 12 years. 

Although antimony was detected in 5 out of 29 analyses of groundwater collected from. the two 

production wells, there was no large-scale use of antimony at the Mound facility. The highest concentrations 

of antimony detected (38.2 pg/L and 40.2 pg/L) were both collected on May 6th, 1991. Since both elevated 

results were collected on the same date the possibility of sample contamination exists. May 6th 1991 

precedes development of the Mound Quality Assurance Project Plan (DOE 1993a) by two years, so it is 

doubtful that these antimony results meet the data quality objectives currently in place at Mound. The 

minimum and maximum concentrations of antimony excluding the May 6th 199 1 samples range from 2.8 
* 

pg/L and 14.4 pg/L, respectively. The MEIMS database specifies the procedure used for antimony analysis 

as an "unknown CLP method" and the results were lab qualified as "B". When applied to inorganic 

compounds, like antimony, the "B" lab qualifier means that the reported value is greater than the instrument 

detection limit but less than the contract required detection limit. The next highest detection of antimony 

(14.4 pg/L) was detected in April 7th, 1994 and antimony has not been detected in the BVA since. In 

addition to the monitoring data reported in MEIMS, monitoring of the production wells is conducted in 

accordance with the Safe Drinking Water Act (SDWA). The SDWA data for production well groundwater 

shows antimony at the detection limit of 0.6 pg/L. The maximum concentration of antimony detected in the 

production wells (40.2 pg/L) was used to describe the current groundwater concentration due to the 95% 

UCL being greater than the maximum detected concentration value. 

Given the age, elevated detection limits, and .uncertain analytical procedure used for the May 6th 

199 1 analyses, plus results of subsequent analysis that shows antimony at much lower levels, it seems highly 

unlikely that the concentration used to describe the current concentration of antimony in groundwater is 

accurate. The maximum concentration of antimony detected in the production wells was used to describe 

current groundwater to ensure that the actual risk from groundwater ingestion is not underestimated. 

However, this approach may result in an overestimation of actual current risk. Elimination of the 

questionable May 6th antimony results would lower the estimated current total risk from an HI of 1.3 for the 

construction worker down to an HI of 0.6 which is well below the acceptable risk threshold 

To estimate future risk in the BVA, the EPC in the production wells was added to the flow tube 

modeled maximum detected concentration found in the bedrock wells. The flow tube model includes an 

assumption that the maximum concentration of a constituent detected in each of the twenty bedrock flow 
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tubes impacts the BVA in the future. Natural physical and chemical processes such as dilution, dispersion, 

adsorption, and soil properties are ignored when establishing future estimated concentrations by this method. 

The model does not take into account chemical and physical process such as dilution, dispersion, and 

adsorption, which may reduce contaminant levels by the time it reaches the BVA. As a result of this 

methodology, the hture EPC concentration is biased high and conservative. This added conservatism helps 

to compensate for the uncertainties in the characterization of the bedrock aquifer. It was agreed through the 

implementation of Mound 2000, source removal and the RREM that extensive characterization of the 

-- - bedrock groundwater was not needed due to the following:- 1; A-restriction on the-use of the aquifer would - 

be implemented; 2. The groundwater yield from the bedrock is low (i.e. one gallon per minute); and 3. 

Characterization and remediation of fractured bedrock is technically difficult. It is important to recognize 

the uncertainties of the assumptions, but it is also important to maintain the conservative nature of'the 

assumptions. 

6.2 Uncertainty in Exposure Assessment 

Exposure assessment may introduce considerable uncertainty in the risk assessment process. The 

RREM presents exposure and intake calculations based on EPA procedures that were used in the Parcel 4 

RRE. Exposure assumption values were also used to develop site-specific risk-based guideline values for 

the Mound Plant which were approved by DOE, Ohio EPA, and EPA. Exposure assumptions are based on 

best professional judgement regarding potential land use, assumptions concerning contaminant fate and 

transport, and receptor behavior. Uncertainty associated with the exposure assumptions used in the risk 

assessment is low to moderate, and most likely overestimates the actual risks. 

One of the exposure assumptions used in the Parcel 4 RRE is that future site users wo,uld utilize the 

production wells for potable water supplies. The MMCIC intends to tap future site users into the municipal 

water supply system in the near future, therefore exposure to bedrock or BVA groundwater is unlikely. 

Using the production well and bedrock well data to estimate future risk is a conservative estimate of future 

risk, but appropriate because the production wells are located in a productive portion of the BVA and 

could be used in the future as a water resource. 

Another source of uncertainty in the Parcel 4 RRE involves external exposure to gamma-emitting 

radionuclides. External exposure refers to the irradiation of tissues by radiation emitted by radionuclides 
, 

located outside the body either dispersed in air, on skin surfaces, or deposited on ground surfaces. Gamma 
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and x-rays are the most penetrating of the emitted radiation and comprise the primary contribution to 

radiation dose from external exposures. The calculation of risk from extemal radiation exposure assumes 

that any gamma-emitting radionuclide in soil is uniformly distributed in soil. The calculation of external 

radiation exposure risk includes a gamma-shielding factor (Se) to account for attenuation of radiation by 

structures, terrain, or engineered barriers. Se is expressed as a fractional value between 0 and 1, representing 

the possible risk reduction range from 0% to 100% due to shielding. For the Parcel 4 RRE a default value 

of 0.2 or 20% shielding for the site employee and 0.1 or 10% shielding for the construction worker scenarios 

was used in the risk calculations. 

6.3 Uncertainties Related to Toxicity Information 

Although EPA-approved toxicity values were used for the RRE, a si~nificant amount of uncertainty 

may surround these values. Identification of the sources of this uncertainty enables the risk assessor to 

establish the degree of confidence associated with the toxicity measurements. 

Uncertainty is inherent within the toxicity assessment and is primarily due to differences in study 

design, species, sex, routes of exposure, or dose-response relationships. A major source of uncertainty 

involves using toxicity values based on experimental studies that substantially differ from typical human 

exposure scenarios. The derivation of the toxicity values must take into account such differences as 1) using 

dose-response information fiom animal studies to predict effects in humans, 2) extrapolating dose-response 

information from high-dose studies to predict adverse health effects from low doses, 3) using data from 

short-term studies to predict chronic effects, and 4) extrapolating from uniform animal populations to 

variable human populations. 

The cancer slope factors, in particular, are based on studies that may differ greatly from realistic 

situations. Experimental cancer bioassays typically expose animals to very high levels of chemicals (i.e., 

the maximum tolerated dose) for their entire lifetime. After appropriate studies have been identified, the 

slope factor is calculated as the upper 95th percent confidence limit of the slope of the dose-response curve. 

This introduces conservatism into the risk assessment. In addition, carcinogens are assumed to be human 

carcinogens regardless of EPA's weight-of-evidence classification. 

The derivation of reference doses involves thk use of animal studies. Uncertainty factors ranging 

from I to 1,000 are incorporated into the reference dose to provide an extra level of health protection. The 
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factors used depend on the type of study from which the value has been derived (e.g., animal or human, 

chronic or acute, study design). The scientific basis for this practice is somewhat subjective. In general, 

high uncertainty factors are meant to bias the results conservatively so that exposures at the reference dose 

level will not result in adverse health effects. 

Toxicity values derived from oral administered dose studies have been converted to absorbed dose 

-- 
toxicity values for use in evaluating the dermal contact pathway. This is considered a more-accurate 

approach than using unadjusted oral toxicity values for the dermal pathway. Uncertainty is introduced in 
' 

the use of the gastrointestinal absorption factors. Limited information is available on the gastrointestinal . 

absorption of some analytes and many have no information at all. In addition, no adjustments have been 

made for the medium of exposure (e.g., when the medium of exposure in the site differs from the medium 

of exposure assumed by the toxicity value). The uncertainty ssociated with using the absorbed dose toxicity 

values for the dermal pathway is moderate and the bias unknown. 

There are some chemicals for which no toxicity value exists and for which little information is 

available. Therefore, a quantitative risk estimate cannot be calculated for these chemicals. For example, 

several of the COPCs identified in Parcel 4 could not be quantified for lack of EPA-approved toxicity values. 

The lack of toxicity information for some chemicals contributes to the hnderestimation of risks. 

Cancer and no"-cancer risks are summed. in the risk characterization process (separately for 

carcinogens and non-carcinogens) to estimate potential risks associated with the simultaneous exposure to 

multiple chemicals. In the case of carcinogens,-this gives.carcinogens with a class B or class C weight-of- 

evidence the same weight as carcinogens with a class A weight-of-evidence. It also equally weights slope 

factors derived from animal data with those derived from human data. Uncertainties in the combined risks 

are also compounded because RfDs and cancer slope factors do not have equal accuracy or levels of 

confidence and are not based on the same severity of effect. 

6.4 Uncertainties in Risk Characterization 
< 

Uncertairities in any phase of the risk analysis are reflected in the risk estimates. Some uncertainty 

is associated with the summation of risks and HQs for multiple chemical contaminants. As stated in RAGS 

(EPA 1989), "The assumption of dose additivity igwres possible synergisms or antagonisms among 

chemicals, and assumes similarity in mechanisms of action and metabolism." However, summing risks and 
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HQs for multiple substances in this risk.assessrnent provides a conservative estimate. 

6.5 Conclusion 

The residual risk in Parcel 4 exceeds the acceptable risk range and is primarily driven by the 

conservative groundwater analysis. Risk due to soil and air contaminants is within acceptable 

risk range for industrial/comm~rcial reuse. 
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Table 2.1 Init ial Identification oCSoil Constituents of Potential Concern for the Construction Worker i n  Parcel 4. 1 ' 

(Maximum Detected Concentration Compahd to Back 

I I I I I I 
CAS Chemical Minimum Maximum Location Detection 11 Vber  I I Concentration I M u n t r a t i o n  I I of Maximum I Frequency 

I! Concentration 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Olsmuth 

Cadmium 

Calcium 

Cerlum 

Chomium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Motybdenum 

Neodymium 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Tin 

Vanadium 

Zinc 

mgkg 8409 

mgkg MND33-0103 

mg/kg 

mg/kg CH 

m f l g  CH 

mgkg CJ 

mgkg MND33-0103 

m a g  NPSl 

mgkg 

mgkg MND33-0103 

mglkg 8409 

w% 
mgkg MND33-0103 

mglke 

melkp 

melkp 8409 

mgkg MND33-0103 

mgkg 

mgkg NPS6 

mgke 

mgkg 

mg/kg CJ 

mgkg B409 

mgkg CJ 

mgkg MND33-0103 

mgkg 

mglkg 

dk 
mgkg 8409 

mg/kg 

Parcel 4 1211 5/00 2 38 PM 

.ound and Mound Guideline Values 

95% UCL Concenlratlon Background Screening 

Used for Value Guideline Value Reference 

Screening 

I 
12700 21400.00 19000 00 2 1 b00.00 

I 
b. f 

12.6 42 20 8.50 a 

6.99 17.10 8 60 6.40 a 
I 

86.5 133.00 180.00 1500.00 b 
I 

0.66 0.94 1.30 c 

73.3 70.40 

1 02 7 70 2.10 21.00 a 

I08000 175000.00 3 10000.00 

NC 50.90 

17.9 30.50 a 

12.0 14.40 19.00 

17.5 27.50 26.00 790 00 
l 

a, f 
0.31 0 38 430.00 a 

22100 40500.00 35000 00 

20.6 255.00 48 00 

17.6 41.40 26.00 

21700 68800.00 40000.00 

1010 5240.00 1400.00 2700.00 b 

0.07 0.42 

1'" 
b 

9.52 15.70 27.00 

NC 33.40 

22.0 26.20 32.00 a 

2530 4320.00 1900.00 

0.54 2 20 
l 

a. f 

1.88 17.00 1.70 a 

410 865.00 240.00 

0.66 2 10 0 46 
I 

a. f 
6.9 41 10 20.00 130M).OO 

I 
a. f 

34.9 37.00 25 00 IS000 a 
I 

65.5 1310.00 140 00 6400.00 a 

I 
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sximum Detected Concentration Com 

Chemical 

of Maximum 

Concentration 

.rd to Background and Mound Guideline Values) 1 
I I I 1 I I 11 ' 

1 
Detection 95% UCL Conccnlration Background Screening Rationale for 

Frequency Used for Value ~ u i d e l i h  Value Reference Contaminant 

Screening ! Dclction 
I or Selection 

Volatile Organic Compounds ' 

Parcel 4 12/15/00 238 PM 

I 
1-65 

9-65 

1-65 

1-65 

2-53 

10-65 

3-65 
1-65 

78-93-3 

67-64- 1 

56-23-5 

100-4 1-4 

75-09-2 

108-88-3 

8.5 

12.0 

9.6 

2.1 

4.0 

6.0 

1 .O 

2.1 

2-Butanone 

Acetone 

Carbon Tetrachloride 

Ethyibcnzene 

hlexane 

Methylcne Chloride 

Toluene 

Xylener. Total 
I 

8.50 

55 00 

9 60 

2.10 

10.00 

97 00 

4.70 

2.10 

6.11 

10.3 

3.74 

3.61 

6.24 

10.9 

3.66 

3.61 

b 

a 

c 

b 

b 

b 

b 

a 

uglkg 

~g/kg  

ugkg 

@I3 

~ g l k g  

ugkg 

ug/kg 
ug/kg 

8.50 

55.00 

9.60 

2.10 

10.00 

97.00 

4.70 

2.10 

NO: I 

NO:3 

NO: I 

NO: 1 

NO: I 

NO:3 

NO: I 
NO: I 

NPS3 

NPS3 

NPs3 

W S 3  

NpS3 

93doo0.00 
I 

2 100000.00 
I 

12000.00 
I 
50.00 

91'00.00 
I 

100000.00 

25poO.00 

430MX#)0.00 



Tnble 2.1 Initial Identification of Soil Constiturnb of Potential Concern for the Construction Worker in Parcel 4. 

Prslicidcs/PCBs 

72-54-8 4.4'-DDD 0.4 6.60 

72-55-9 4.4'-DDE 0.25 3.50 

50-29-3 4.4'-DDT 0.19 0 48 

309-03.2 Aldrin 0 074 0.35 
5 103-71-9 Npha Chlordane 0 044 3.50 

319-86-8 Delta-BHC 0 08 5 30 

60-57-1 Dieldrin 031 1.20 

33213-65-9 Endosulfan I 0051 0.27 

3321365-9 Endosulfan U 0 053 7.10 

1031-07-8 Endosulfan Sulfate 0.13 0.56 

7421-93-4 Endrin Aldehyde 0 28 0.93 

53494-70-5 Endr~n Kctone 0.24 0.86 

51 03-74-2 Gamma Chlordane 0.058 0.93 

58-89-9 Gamma-BHC (Lindane) 0.065 0 095 
1024-57-3 Heptachlor 0.056 1.20 

1024-57-3 Heptachlor Epoxidc 0.072 0.94 

72-43-5 Mcthoxychlor 0.13 0.95 

I I I I I I 
Explorivrs 

99-65-0 I.3-D1n1uobcnzcne 0.098 0 098 mgkg B405 1-41 

1 18-96-7 2.4.6-Trinilrotoluenc 0.20 0 20 m g k g  8405 1.41 

Parcel 4 12115100 2:38 PM 



Table 2.1 Initial Identification of Soil Constituentr o l  Potential Concern lor the Construction W o r h r  in Parcel 4. 

(Maximum Detected Concentration Compared to Background and Mound Guideline Values) 1 

l 

I 
a= 1110th I l l  for ingestion NO: l - 9 %  Detects 

b= 1110th IU for ingestion + inhalation NO:2 - <Background 

c= lod cancer risk for ingestion + inhalation NO:) - < Screening Toxicity Value 

i 
I 

d= 10' cancer risk for ingestion NO:2.3 - <Background.ScreeningToxicity 
e= lod cancer risk for ingestion + inhalation + external NO:4 - Essential Human Nutrient I 
I= Calculated values based on procedures in Mound's approved Risk-Based Guidance Values. Final Rev. 4. March 1997 and updated toxicity criteria 

g= Guideline Value was removed(under Core Team review) i 

CAS 

Number 

Rndionuclides 

AC-227DA 

14596- 10-2 

10045-97-3 

101 98-40-0 

14255-04-0 

13994-20-2 

1398 1-16-3 

PU-2391240 

PU-2391240 

13982-10-0 

13966-00-2 

13982-63-3 

10098-97-2 

14274-82-9 

14269-63-7 

7440-29-1 

10028-1 7-8 

13966.29-5 

151 17-96-1 
24678-82-8 

YES 

NO: I 

YES 

NO: 1 

YES 

NO:3 

YES 

NO:2.3 

NO:3 

NO: I 

NO:2 

YES 

YES 

NO:3 

Y ES 

YES 

YES 

NO:3 

NO:3 

NO:3 
YES 

Parcel 4 1211 5/00 238 PM 

Chemical 

Actinium-227 

Americium-24 1 

Cesium-137 

Cobalt-60 

Lead-210 

Neptunium-237 

Plutonium-238 

Plutonium-239 

Plutonium-2391240 

Plutonium-242 

Potassium-40 

Radium-226 

Radium-228 

Strontium-90 

Thorium-228 

Thorium-230 

Thorium-232 

Tritium 

Uranium-234 

Uranium-235 

Uranium-238 

Minimum 

Concenlration 

0.13 

0.05 

0.06 

0.04 

0.38 

0.023 

0.013 

0.01 

0.0039 

0.0102 

10.5 

0.39 

0.636 

0.158 

0.195 

0.15 

0.037 

0.066 

0.33 

0.019 

0.32 

2 01 

0 21 

0 90 

0.90 

3.35 

0.067 

55.40 

0 01 1 

0.21 

0.01 

34.46 

3.26 

2.57 

2.77 

1.79 

2.69 

5.60 

3.00 

1.17 

0.20 

1.95 

Maximum 

Concentration 

Units Location 

of Maximum 

Concenlralion 

pCi1g 

pCilg 

PCik 

pCi/g 

pCilg 

G i l g  

pCig 

pCilg 

silk7 

pCilg 

pCi$ 

pCilg 

pCi1g 

pCilg 

pCi1g 

pCi1g 

pCi/g 

pCilg 

pCi1g 

pCilg 

pCi1g 

Detection 

Frequency 

14-130 

5- 188 

130-188 

3-188 

94-1 17 

6-8 

142-480 

3-10 

18-63 

1-31 

56-67 

137-180 

10-10 

4-37 

66-80 

79-1 78 

184-491 

7-64 

56-65 

46-51 

110-115 

#6B 

GI 

8405 

B405 

S1049 

8406 

8406 

95% UCL 

0.23 

0.13 

0.36 

0.05 

1.76 

NC 

87 

NC 

0.02 

0.02 

22.6 

1.34 

NC 

1.07 

1.07 

3.57 

0.83 

0.88 

0.77 

0.09 

1.08 

2.01 

0.21 

0.90 

0.90 

3.35 

0.07 

55.40 

0.01 

0.21 

0.01 

34.46 

3.26 

2.57 

2.77 

1.79 

2 69 

5.60 

3.00 

1.17 

0.20 

1.95 

Rationale for 

Contaminant 

Deletion 

or Selection 

Concentration 

Used for 

Screening 

Background 

Value 

I I 

~ c r e 4 i n g  

Guideline Value 
I 

I 

Reference 



Table 2.2 Final Identification of Soil Constituents of Potential Concern for the Construction Worker in Parcel 4. 1 
(Exposure Point Concentration (EPC) Compared to Background) 

I I I I I I I I I I I 

U C L  - Upper Codidence Limit 
EPC Exposure Point Concentration= minimum o f  either 95% U C L  or maximum detected concentration 

Parcel 4 1211YM) 238  PM 





sl Concern for the Site Employee in Parcel 4. 1 
~ n d  and Mound Guideline Values) I 

Table 2.3 Initial Identification of Surface Soil Constituents of Poten~ 
@laximum Detected Concentration Compared to Backgro 

95% UCL 

C 
I 

Screening 
Reference 

Cm 
Number 

4.4'-DDE 
4.4'-DDT 
Aldrin 
Alpha Chlordane 
Delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan U 
Endosulfan Sulfate 
Endrin Aldehyde 
Endrin Ketone 
Gamma Chlordane 
Gamma-BHC (Lindane) 
tleptachlor 

Chemical Minimum Maximum Units Location Detection 
Concentration Concentration of Maximum Frequency 

Concentration 

1024-57-3 
72-43-5 

tleptachlor Epoxide 0.072 0 94 u& MND22-4102 4-22 
Methoxychlor 0.13 0 95 ug/kg MND22-4101 4-22 

1 

-1 
NO: I 

1 18-96-7 
Hadionuclides 
AC-227 

0.10 
0.20 2.4.6-Trinitrotoluene 10.2 

Actinium-227 10.13 

YES 
NO:) 
YES 

NO:2.3 
NO:3 
NO:2 
YES 
YES 
NO:3 
YES 
YES 
YES 
NO:3 
NO:3 
YES 

I 

a. f 20.00 I i I a, r 

3.35 
0.067 
55.40 
0.01 1 
0.192 
34.46 
3.26 
2.57 
2.10 
1.66 
2.69 
5.60 
1.17 
0.20 
1.95 

a= IllOth liI for ingestion NO: 1 - 6 %  Detects 
I 

b= IllOth tU for ingestion + inhalation NO:2 - <Background I 

c= 10' cancer risk for ingestion + inhalation I NO:3 - < Screening Toxicity Value I 
d= lo4 cancer risk for ingestion NO:2.3 - <Background.Screening Toxicity 
e= lod cancer risk for ingestion + inhalation + external NO:4 - Essential Human Nutrient ' 
I= Calculated values based on procedures in Mound's approved Risk-Based Guidance Values. Final Rev. 4, March 1997 and updated toxicity criteria ! 
g= Guideline Value was removed (under Core Team review) I 

NO:3 
NO:3 

mgkg 
mgkg 

. - 
pCig 
pCiIg 
p C i / ~  
pCj/g 
P C I ~  
pCilg 
pCi1g 
pCik 
pCilg 
pCi1g 
pCilg 
pCi1g 
pCjIg 
pC11g 
pCilg 

8405 
B405 

#6B 

CANAL NW 

B405 

#4B 
8405 

S1049 
8406 
B406 

1-7 
1-7 

94-117 
4-6 
88-358 
3-5 
14-37 
24-24 
95-131 
10-10 
2-14 
38-40 
41-138 
141-369 
20-25 
24-27 
72-75 

NC 0.10 
NC 0.20 



Table 2.4 Final Identilication of Surface Soil Constituents of Potential Concern for the Site Employee in Parcel 4. I 

UCL - Upper Confidence Limit 
EPC Exposure Point Concentration= minimum of either 95% UCL or maximum detected concentration 



Table 2.5 Initial Identification of Current Groundwater Constituents of P8 
(Maximum Detected Values Compared to Backeroun 

Chemical 

1 

lnorganics 
Aluminum 
Antimony 
Barium 
Cadmium 
Calcium 
Chromium (assume aU VI) 
Copper 
Iron 
Lead 
Lithium 
h4agnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Tin 
Vanadium 
Zinc 

Volatile Organic Compounds 
I, 1, l -lrichloroelhane 
1,1,2 bichloro-1,2,2-hifluoroethane 
1,l-Dichloroethane 
1, I-Dichloroethene 
1,2-cis-Dichloroethene 
1,2-trans-Dichloroethene 
1,3-cis-Dichloropropene 
2-nutanone 
Acetone 
Dromodichloromethane 
Chloroform 
Dichloromethane 
Ethylbenzene 
Tetrachloroethenc 
Toluene 
'Srichloroethcne 
'Srichlorofluoromethane 
Sylenes, Total 

Rcferencc 

I 
I 

lential Concern for the Construction Worker 
and Screenine Guideline Values) 
Concentration Background 

Used for 
Worker Risk- 

Screening 
Based GV 

67.91 
2.8 
75 

4.6 
94300 

18.3 
1.6 

18.8 
3.4 
2.9 

29100 
2.8 
1.6 
2.1 

2390 
1.5 

16.9 
46600 

2.4 
8.7 
3.9 
4.5 

0.30 
2.00 
2.50 
1.70 
0.47 
0.50 
0.50 
7.00 
1 .OO 
2.20 
0.50 
3.00 
0.50 
0.15 
0.60 
0.47 
2.20 
0.60 

and Risk 

148.00 
40.20 
11 5.00 
7.70 

126000.00 
24.91 
593.00 
1890.00 
40.00 
2.90 

39600.00 
224.00 
2.70 
27.10 

3761.00 
1.50 

24.20 
84200.00 

2.40 
8.70 
14.60 
57.70 

3.30 
34.00 
3.50 
1.70 
4.00 
3.00 
1.20 

41.00 
12.00 
3.70 
5.40 
13.00 
0.60 
2.20 
1.50 
5.90 
2.50 
3.60 

Minimum 
Concentration 

I I 

Maximum 
Concentration 

Units 

148.00 
40.20 

115.00 
7.70 

126000.00 
24.91 

593.00 
1890.00 

40.00 
2.90 

39600.00 
224.00 

2.70 
27.10 

3761.00 
1.50 

24.20 
84200.00 

2.40 
8.70 

14.60 
57.70 

3.30 
34.00 
3.50 
1.70 
4.00 
3.00 
1.20 

41.00 
12.00 
3.70 
5.40 

13.00 
0.60 
2.20 
1.50 
5.90 
2.50 
3.60 

37.523 
0.578 

310.209 

1 1 1 1 10.664 
6.076 
1.167 

4064.888 
10.05 
55.7 

40428.11 1 
229.568 

5.597 
34.957 

4461.063 

62425.563 

34.382 
17.1 

119.6 

0.668 

0.999 

0.516 

' & f  
I a 

I : 
I 
I a,f 
i a.f 

I 
! 
I ; a 

a 

l a  
I 

i a 
I a 
I 

1 a 

i 
I b , f  

I 
, a 

i a 
I d 
, 
I d 
I a 

i i 
I a 
i b 

Detection 
Frequency 

102M 
4.1 
71( 
5.1 

3( 
405 

51 

20( 

51 

7 1 
310C 

I80.0C 
250000.0C 

950.0C 

102.0C 
200.0C 

5300.0C 
I00O.OC 

4.5C 

38.0C 
69.0C 
12.00 

150.00 
15.00 

2200.00 
20000.00 

NO:3 

NO:2,3 
YES 
n0:4 
NO:3 
YES 
n0:2 
YES 
NO:2 
n0:2 
n0:2 
n0:2 

NO:2,3 
n0:2 
NO: 1 
NO:3 
n0:4 
NO: I 
n0:2 

NO:2,3 
NO:2,3 

NO: I 
NO: I 
NO:3 
NO: I 
NO: I 
NO:3 
NO:3 
NO:1 
NO: I 
NO: I 
NO: I 
n0:3 
NO: I 
n0:3 
NO: 1 
NO: 1 

ug/L 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 

I@ 

ugR 
ugL 
ugL 
ugL 
ugL 
ugL 
ug/L 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 
ugL 

7-29 
5-29 

27-29 
6-32 

33-33 
6-32 

22-32 
14-31 
5-32 
4-10 

32-32 
30-32 
5-10 
5-32 

27-33 
1-32 
6-29 
32-32 
1-29 
1-10 
12-29 
10-32 

79-193 
13-18 
2-191 
1-193 

103-159 
8-195 
2-195 
3-12 
6-12 

2-193 
9-197 
8-195 
2-197 

109-196 
4-197 

176-197 
2-188 
8-190 



NC- 95% UCL not calculated, less than 20 samples in the data set 

I 
Table 2.5 Initial Identification of Current Groundwater Constituents of Potential Concern for the Construction Worker Scenario 

a= 1110th HI for ingestion + inhalation + dermal 
b= 1110th HI for ingestion 

c= 1 0 ' ~  cancer risk for ingestion 

d= 1 0 ' ~  cancer risk for ingestion + dermal + inhalation 

e= 1 0 ' ~  cancer risk for ingestion + inhalation + external 
f= New Risk-Based Guideline Values calculated according to Mound GV 3/97 methodology 
The calculations for updated GVs are presented in Appendix C. 

NO:] - <5% Detects 
NO:2 - <Background Value 
NO:3 - < Risk-Based Guideline Value 
NO:2,3 - <Background and Risk-Based Guideline Value 

NO:4 - Essential Nutrient 

. 

(Maximum Detected Values Com~ared to Backeround and Screening Guideline Valuesl I 
Chemical Minimum 

Concentration 

Radionuclides 
Actinium-227 
Americium-24 1 
I3ismuth-2 10 
I'lutonium-238 
Plulo~um-239/240 
Radium-226 
Strontium-85 
Strontium-90 
Thorium-227 
Thorium-228 
Thorium-230 
Tlorium-232 
Tritium 
Uranium-2331234 
Uranium-234 
Uranium-235 
Uranium-238 

Maximum 
Concentration 

Units 

0.50 
0.03 
0.11 
0.01 

0.002 
0.10 

25.00 
0.50 
0.01 
0.01 
0.01 

0.0025 
1 10.00 

0.17 
0.20 
0.10 
0.13 

0.50 
0.03 
0.39 
0.25 
2.00 
0.52 

25.00 
0.50 
0.10 
2.17 
1.99 
0.10 

7200.00 
0.36 
8.14 
2.30 
8.25 

pCin 
pCilI- 

pCin 
pCi/l> 

pCi/L 
pCin 
PC& 
pCin 
pCi/L 

PC& 
pCin 
p C i i  
pCin 
pCin 
pCin 
pCi/L 
pCi/L 

Detection 
Frequency 

1-10 
1-9 

2-19 
8-48 
6-20 
6-19 
1-2 

3-19 
8-14 
14-35 
11-32 
8-33 

112-128 
30-30 
14-19 
23-43 
41-48 

R'eferencc 
~isk!~ased GV Initial 

COPC 

Concentration 
Used for 
Screening 
and Risk 

0.50 
0.03 
0.39 
0.25 
2.00 
0.52 
25.00 
0.50 
0.10 
2.17 
1.99 
0.10 

7200.00 
0.36 
8.14 
2.30 
8.25 

Background 
Value 

0.139 

0.087 
0.125 
0.996 

0.975 

0.779 

0.314 
1485.47 

0.792 
0.814 
0.688 

Construction 
Worker Risk- 

Based GV 

1.30 
2.40 

110.00 
2.70 
2.50 
2.70 

570.00 
14.00 
19.80 
3.50 
0.60 
1.60 

11000.00 
18.00 
18.00 
17.00 
0.56 

1 if 
C 

c 

c, f 
c 

c , f  
c, f 
c. f 
c , f  1 : 
c 

c, f 

I 

NO:3 
NO:2,3 
NO:3 
NO:3 
NO:3 

NO:2,3 
NO:3 

NO:2,3 
NO:3 
NO:3 
YES 

NO:2,3 
NO:3 
NO:3 
NO:3 
NO:3 
YES 



Table 2.6 Final Identification o f  Current Groundwater Constituents o f  Potential Concern for the Construction ~ o r k < r  Sccnario 

I"'" I 3.4 1 40.00 I uglL 1 5-32 1 7.28 1 7.28 1 ! 10.05( 

I I I I I 

(Exposure Point Concentration Compared to Backround  Values) I 
Chemical 

UCL= Upper Confidence Limit 
EPC= Exposure point concentration minimum of 95% UCL or maximum detected concentration 
NO <Background Value 
NC= 95% UCL not calculated, less than 20 samples in the data set. 

Radionuclides 

W,eF \ . >.. > \ \ \ %\\ \ , , 
Uran~um-238 

Minimum 
Concentration 

I 

o.a;, 
0 13 

Maximum 
Concentration 

> > 1.99 ,x 

8 25 

Units 

pCl/L 

htect ion 
Frequency 

\ \ \ l f:32 
41-48 

95 Percent 
UCL 

--- 
1.25 " \ \.\\\\" 

0 47 

Concentration 
Used for 

Screening 

EPC 

>* > ''2S.\ \ 

0 47 

Background 
Value COPC 

for RRE 

i ,.... 

", ,,,. ,,,,&,,, 

' , ,' 

, 0 688 
,$ , !E$,,i,;& 

NO 3 



Table 2.7 Initial Identification oTCurrent Groundwater Constituents oTPotential Concern Tor the Site Employee scenario! 

((Aluminum 
Antimony 
Barium 
Cadmium 
Calcium 
Chromium (assume all is VI) 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
h4anganese 
Molybdenum 
Nickel 
Potassium 
Sclenium 
Silver 
Sodium 
Thallium 
Tin 
Vanadium 

Volatile Organic Compounds 
I, 1,l -Trichloroethane 

trans-1,2-Dichloroethene 

cis-1,3-Dichloropropene 
2-Dutanone 
Acetone 
Uromodichloromethane 
Chloroform 
l>ichloromethane 
lithylbcnzene 
~l'ctrachloroethene 
Toluene 
~I'richloroethene 
Trichlorofluwomethane 
Sylenes, Total 

n0:3 
YES 

NO:2.3 
YES 
n0:4 
n0:3 
WAS 
n0:2 
YES 
n0:2 
n0:2 
n0:2 
n0:2 

NO:2.3 
n0:2 
NO: I 
n0:3 
n0:4 
NO: I 
n0:2 

NO:2,3 
NO:2.3 

(Maximum Detected Values Compared to Background and Screenine Guideline Values) 
Minimum 

Concentration 

360.00 
310000.00 

1000.00 

L 

Maximum 
Concentration 

Units 

1 a, d 1 a, d 

/ a , 

Detection 
Frequency 

Concentration 
Used for 

Screening and 
Risk 

NO:3 
NO:3 
NO: 1 

Background 
Lnitial 

GV 

n0:1 
n0:3 
NO: I 
n0:1 
NO:3 
NO:3 
NO: I 
NO: 1 
n0:1 
NO: I 
n0:3 
NO: I 
n0:3 
NO: I 
NO: I 

6100.00 
1000.00 

4.60 

1 
I a 
' a 
1 c 
I 



Table 2.7 Initial Identification of Current Groundwater Constituents or Potential Concern for the Site Employee ~cenariol 
(Maximum Detected Values Compared to Background and Screenine Guideline Values) I 

a= 1110th HI for ingestion 
b= I/lOth HI for ingestion of Cr VI 

I 

NO:1 - <5% Dctecls 
NO:2 - <Background Value 

Initial 
COPC 

d h 

Chemical Background 
Value 

0.26 
0.49 

22.00 
0.54 
0.51 
0.54 

110.00 
2.90 
4.00 

c 
c 

c,d 
c 
c 
c 

c,d 
c 

c,d 

c= 1 0 ' ~  cancer risk for ingestion NO:3 - C Risk-Based Guideline Value 
d= New Risk-Based Guideline Values calculated according to Mound GV 3197 methodology NO:2,3 - <Background and Risk-Based Guideline 
e= Guideline Value is under reGew 
The calculations for new or reGsed GVs are presented in Appendix C. NO:4 - Essential Nutrient 
NC= 95% UCL not calculated, less than 20 samples in the data set. NO5 - short half life, one detect 

Minimum 
Concentration 

YES 
NO:2,3 
NO:3 
NO:3 
YES 

NO:2,3 
NO:3 

NO:2,3 
NO:3 

0.139 

0.087 
0.125 
0.996 

0.975 

Radionuclides 
Actinium-227 
Americium-241 
Bismuth-210 
Plutonium-238 
Plutonium-2391240 
Radium-226 
Strontium-85 
Strontium-90 
Thorium-227 

Value 

Sitc Employee 
Risk-Based 

I I Referencc 
Risk-Based I GV 

Maximum 
Concentration 

l 

0.69 

220:::; 
3.60 
3.60 
3.40 
0.1 1 

0.779 

0.314 
1485.47 

0.792 
0.814 
0.688 

Thorium-228 
'lhorium-230 
Thorium-232 
Tritium 
Uranium-2331234 
Uranium-234 
Uranium-235 
Uranium-238 

0.50 
0.03 
0.11 
0.01 
0.00 
0.10 

25.00 
0.50 
0.01 

Units 

/ c,d 

1 C: 

c 
c 
c I c,d 

0.01 
0.01 
0.00 

110.00 
0.17 
0.20 
0.10 
0.13 

YES 
YES 

NO:2,3 
YES 
NO:3 
YES 
NO:3 
YES 

0.50 
0.03 
0.39 
0.25 
2.00 
0.52 

25.00 
0.50 
0.10 

Detection 
Frequency 

Kin 
PC& 
p C i  
pCi/L 
pCin 
pCi/L 
PC& 
pCi/L 
pCVL 

1-10 
1-9 

2-19 
8-48 
6-20 
6-19 
1-2 

3-19 
8-14 

Concentration 
Used for 

Screening and 
Risk 

2.17 
1.99 
0.10 

7200.00 
0.36 
8.14 
2.30 
8.25 

0.50 
0.03 
0.39 
0.25 
2.00 
0.52 

25.00 
0.50 
0.10 

p C L  

PC& 
pCin 
pCin 
pCi/L 
pCi'I> 

PC& 

14-35 
11-32 
8-33 

112-128 
30-30 
14-19 
23-43 
41-48 

2.17 
1.99 
0.10 

7200.00 
0.36 
8.14 
2.30 
8.25 



Table 2.8 Final Identilication o f  Current Groundwater Constituents o f  Potential Concern for the Site Employee S 

(Exposure Point Concentration ( 
Chemical Minimum Maximum 

Concentration Concentration 

~mpared to Backround  Values) 
Units Detection 95 Percent Concentration Bac 

Frequency UCL Used for 
Screening and 

I I EPC 

UCL= Upper Confidence Limit 
EPC= minimum of  95% UCL or maximum detected concentration 
NO <Background Value 
NC= 95% UCL not calculated, less than 20 samples in the data set. 
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Table 2.10 Final Identification of Future Groundwater Constituentr o f  Potential Concern for the Construction Worker Scenario I 

UCL= Upper Confidence Limit 
NC= 95% UCL not calculated. less than 20 samples in the data set. 
* = Chromium conservatively assumed to be present in the hexavalent state 
" = Constituent detected in bedrock well, but not in production well 
"" = Constituent detected in production well. not In bedrock wells; reported frequency of detection based on production wells analyses 





Table 2.11 lnltlal Identlflcatlon 01 Future C m u n h t e r  Conatltuenls of Potentlal Concern for the Slte Employee Scenarlo 
I 
I 

(Maxlmum Detected Concentntlon Compared to Background and Mound Cuidellne Values) I 

I .  l -DichloroelhancM 
cis-1.2-Dichloroelhcnc 
1.2-Dichloroelhene" 
trans- 1.2-Dichloroelhene 
I .3-Dichlorobenzene" 
2-Rutanone 
4-Melhylphenol 
Acetone 
Alplia Chlordane*' 
Denzene" 
Benzoic Acid" 
Bis(2-clhylhexyl)phthate" 
Carbon Tetrachloride** 
Chloroform 
Chloromelhanc" 
Dibromomelhane** 
Dichloromethanc 
Di-n-butyl Phlhalatc" 
Tctrachloroelhene" 
Toluene 

Chemical 

Oqan lc  Compounds 1 

NO, I 
YES 
YES 
NO:3 
N0:I 
NO:3 
NO: I 
NO:) 
NO: I 
N0.1 
NO: 1 
NO16 
NO:I 
NO: I 
NO: I 
NO:l 
YES 
NO3 
NO13 
NO13 

I .  I .  l -TrichlorocUiane 
1.1.2 Mchloro-1.2.2-hifluoroclhane 

Trichloroelhene I 0.44 1 46.00 1 uglL I 15U273 I 5 . 2  I 46.001 1 26.001 / c I YES 

Rsdlonuclldes I 
Amcricium-24 I I 0.6750 1 0.17 1 pCdL 1 61 43 1 2.87 1 0.171 0.1391 0.491 1 c 1 NO13 

- Minimum 
Concenhation 
Ln Bedrock 

Wells 

Bismulh-2 10 
Gross Alpha" 
Plulonium-238 
pluto~Urn-239/240 
Potassium-40" 
Radium-226 
Radium-228'' 
Strontium-90 
Thorium-228 
Thorium-230 
Thorium-232 
Tritium 
Uranium-2331234 
Uranium-234 
Uranium-235 
Unnium-235l236" 
Uranium-238 

0.40 
2.20 

Maximum 
Concentration 

In Bedrock 
weus 

a= IIlOlh HI for ingestion NO: I - <5% Detects 
b= IllOth HI for ingestion of Cr VI NO:2 - <Background Value 

c= 1Ci6 cancer risk for ingestion NO:3 - < Risk-Based Guideline Value 
d= Risk-Based Guideline Values calculated using lhe methodology, equations, and NO2.3 - <Background and Risk-Based Guideline Value 
parameten in Mound Screening GV 3/97 NO4 - Essential Nutrient 
NC= 95% UCL not calculated. less lhan 20 samples in lhe data set. NO:S - General Water Quality Parameter 

= Chromium conservatively assumed lo be present in lhe hexamlent state. 
= Constituent detected in bedrock well, but not in production weU 
= Constituent detected in production well, not in bedrock wells; reported Frequency of detection based on production wells analyses 

7.00 
2.20 

0.26 
1930.00 

1.870 
0.18 

258.00 
39.47 

1.50 
42.40 
8.50 
4.07 
2.1 1 

28163 10.00 
0.928 
59. lo  
0.36 
0.05 
1.34 

NO: I 
NO15 
YES 
NO:3 
N0:I 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO:3 
YES 

NO2.3 
NO:3 
YES - 

Unit. 

pCilL 
pCdL 

pCdL 
pCilL 
pCi/L 

pCdL 
pCVL 
pCilL 

pCdL 
pCdL 

pCdL 
pCdL 

pCdL 
pCilL 
pCilL 
pCdL 

pCdL 

ug/L 
ue/L 

Detection 
Frequency 
In Bedrock 

W e b  

201 238 
11 118 

95 Percent 
UCL 

0.67 
1.08 

Conconhation 
Used for 
Screening 

Site 
Employee 

Risk-Bascd 
GV 

Background 
Value 

7.00 
2.20 

1 a.d 
I 

I 
Reference 
Risk-Based 

1 GV 

0.668 NO:) 
NO: I 

COPC? 

360.00 



UCL= Upper confidence Limit 
NC= 95% UCL not calculated, less than 20 samples in the data set. 
* = Chromium conservatively assumed to be present in the hexavalent state. 
** =Constituent detected in bedrock well, but not in production well 
"" = Constituent detected in production well, not in bedrock wells; reported frequency of detection based on production wells analyses 



Table 3.1 Exposure Auumptions for Site Employee and Construction Worker Scenarios in Parcel 4 

Noncarcinogen averaging time 

Body weight 
Carcinogen averagmg time 
Noncarcinogen averaging time 

Conversion Factor 
Inhalation of VOCs and dust 

Inhalation rate 
Exposure frequency 
Exposure time 
Exposure duration 
Body weight 
Carcinogen averaging time 
Noncarcinogen averaging time 

Particle Emissions Factor 
Conversion Factor 
Conversion Factor 

External Exposure 
Gamma Shielding Factor 
Gamma Exposure Time Factor 
Exposure Duration 2 
Exposure Frequency 

kg 
days 
days 

k i m g  

m31day 
dayslyear 
hourslday 

Ye== 
kg 
days 
days 

m3kg 

g / k ~  
days/hour 

Yean 
dayl~ear 

70 
25550 
1825 

lxlo4 

20 
250 
8 
5 
70 

25550 
I825 

4 28 x lo9 
1000 
0.042 

0.1 
113 

5 x 0.685 
250 

70 
25550 
9125 

1x10' 

20 
250 

8 
25 
70 

25550 
9125 

4.28 x lo9 
1000 
0.042 

0.2 
1/12 

25 x 0.685 
250 

d 
e 
e 

f 
b 

g 
c 
d 
e 
e 

c 
b 



Table 3.1 Exposure Assumptions for Site Employee and Construction Worker Scenarios in Parcel 4 

Parameter Unik 
C ~ n ~ d ~ h ~ i i i i i i i i i i j i G > j : : j [ j j i ~ ~ j ; i i j j i .  <::lii'ii..iiiiiiiijj:i:ij: ......... :::: .......................................................................................... 

brinkina water i n ~ u t i o n  I 
Drinking water ingestion rate U ~ Y  
Exposure frequency days/~ear 
Exposure time yean 
E d y  wei&.t kg 
Carcinogen averaging time days 
Noncarcinogen averaging time days 

Dermal contact while showering 

--Skin surface area available for.contact c m z  - - 
Exposure time hrlday 
Exposure frequency dayslycar 
Exposure duration Yean 
Body weight kg 
Carcinogen averaging time days 
Noncarcinogen averaging time days 

Conversion factor ~ c m '  
Inhalation of VOCs while showering 

Inhalation rate m3/day 
Exposure time 
Exposure frequency dayslyear 
Exposure duration 
Body weight 
Carcinogen averaging time 

Construction 
Worker Adult 

Site-Employee 
Adult 

Reference 



Table 3.1 (references) 
Exposure Assumption References 

Soil ingestion rate Risk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. 
(DOE 1997c) and RAGS Part A (EPA 1989) 

Exposure frequency Risk-Based Guideline Values, Mound Plant, Miamisburg, O h o  
(DOE 1997c) and RAGS Part A (EPA 1989) 

Exposure duration Exposure duration for the construction worker and site employee is 
based on Risk-Based Guideline Values, Mound Plant, Miamisburg, 
Oho. (DOE 1997c) and RAGS Part A (EPA 1989) 

~~ ~ ~- 

Body weight Risk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. 
(DOE 1997c) and RAGS Part A (EPA 1989). 

Averaging time Carcinogenic averagng time = 70 yrs * 365 dayslyear. 
Non-carcinogenic averaging time = exposure duration (yrs) * 365 
dayslyear. 

Inhalation rate Risk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. 
(DOE 1997c) and EFH Volume I, Table 1-2. 

Exposure time Risk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. 
(DOE 1997c) and RAGS Part A (EPA 1989) 

Air exchange rate Volume of residentid homes, EFH, Volume 111, Table 17-3. 50" 
percentile air exchange rate of 0.45 air changes per hour, EFH, Volume 
111, Table 17-10 (EPA 1997). 

Drinlung water ingestion Risk-Based Guideline Values, Mound Plant, Miamisburg, 
Ohio.(DOE 1997c) and RAGS Part A (EPA 1989). 

Skin surface available Risk-Based Guideline Values, Mound Plant, Miamisburg, 
for contact Ohio. (DOE 1997c) and RAGS Part A (EPA 1989). 



Table 4.1 Toxicitv Criteria and other Phvsical Chemical Values I 

RfD (mglkglda~) CSF (kg-daylmg) , Dqrmal 
Constituent Oral Adjusted Inhalation Oral Adjusted Inhalation I Absorption 

RfDo RfDa RlDi CSFo CSFa . CSFi CSFex Cl Factor 1 Kp(cm/hr) T @r) A bs 
Volatile Organic Compounds (VOCs) 
I, l , 1 -Trichloroethane 3.50E-02 a 3.50E-02 2.90E-01 a NA N A N A N A 0.90 'd 0.017 0.570 e NA 
1,1,2-Trichloro:1,2.2trifluoroeth3.OOE+O 1 b 3.00E+OI 8.60Et00 c NA NA N A NA 0.80 Id 0.009 e NA 
cis-1.2-Dichlorethene 1.00E-02 c 1.00E-02 NA NA NA NA NA 1 .OO d 0,010 0.340 e NA 
1,2-Dichloroethene 9.00E-03 b NA NA NA NA N A NA 1 .OO d 0.010 0.340 e NA 
Alpha Chlordane NA N A NA NA NA NA NA 0.50 :d 0.046 28.000 e NA 
Carbon Tetrachloride 7.00E-04 b 7.00E-04 5.70E-04 a 1.30E-01 b 2.00E-01 5.25E-02 b NA 0.65 'd 0.022 0.760 e NA 
Chloroforni 1.OOE-02 b 1.00E-02 8.60E-05 a 6.10E-03 b 3.05E-02 8.05E-02 b NA 0.20 !d 0.009 0.470 e NA 
Semivolatile Organic Compounds (SVOCs) 1 

2-Methylnaphthalenc NA N A NA NA NA N A NA NA N A 
4-Chloro-3-methylphcnol NA NA NA NA NA NA NA NA I NA 
Acenaphthylene NA NA NA NA NA N A N A 0.31 

dl 
0.10 d 

Bcnzo(a)pyrene NA NA NA 7.3E+00 7.30E+00 3.10E+00 NA 0.89 f :  0.13 f 
Benzo(b)fluoranthene N A N A NA 7.3E-01 7.30E-01 3.10E-01 N A 0.89 f l  0.13 f 
Benzo(g,h,i)perylene NA N A NA NA NA NA NA 0.89 

f ,  
0.13 f 

Carbazole NA NA N A 2.OE-02 2.00E-02 NA N A 0.70 d. 0.10 d 
Indeno( l,2,3-cd)pyrcne NA NA N A 7.3E-01 7.30E-01 3.10E-01 NA 0.89 fi 0.13 f 
Phenanthrene NA N A NA N A NA N A N A 0.73 d 0.10 d 
Pesticides I 

Delta-BIIC NA N A NA NA N A NA NA NA 1 N A 
Endosulfan Sulfate NA NA NA NA NA NA N A NA 1 N A 
Endrin Aldehyde NA NA NA NA NA NA NA NA NA 
Endrin Ketone NA N A NA N A NA N A N A N A I NA 

I 

Metals i 
Aluminum I.OOE+OO a 1.00E-01 1.40E-03 a NA NA NA N A 0.10 'd 0.001 e 

4.00E-04 b 6.00E-05 NA NA NA N A N A Antimony 0.15 d 0.001 e 0.0010 d 
Beryllium 2.00E-03 b 1.40E-05 5.71E-03 b 4.30E+00 b NA 8.40E+00 b NA 0.01 :d 0.001 e 
Bismuth N A N A NA N A NA N A N A NA ' 0.001 e NA 
Boron 9.00E-02 b 8.10E-03 5.71E-03 c NA NA N A NA 0.09 'd 0.001 e 
Cadmium 5.00E-04 b 5.OOE-06 5.70E-05 a NA NA 6.30E+00 b NA 0.03 /d 0.001 e 
Cerium NA N A N A NA NA NA N A NA NA 
Chromium VI 3.00E-03 b 7.508-05 NA NA N A 4.10E+OI c NA 0.03 1 0,OOl e 
Cobalt 6.00E-02 a NA NA NA NA NA NA NA Id 0.001 e 

4.00E-02 a #VALUE! ' NA NA NA NA NA 
I 

Copper NA d 0.001 e 
Lead NA N A NA NA NA NA N A 0. I5 :d 0.001 e 
Lithium NA N A NA NA NA NA NA NA 1 0.001 e NA 
Manganese 2.40E-02 b 9.608-04 1.43E-05 b NA N A NA NA 0.04 'd 0.001 e 
Molybdenum 5.OOE-03 c NA NA NA NA NA NA NA Id 0.001 e 
Neodymium N A N A N A N A N A N A N A NA NA 
Nickel 2.OOE-02 b 8.00E-04 NA NA N A NA N A 0.04 'd 0.001 e 
Selenium 5.00E-03 b 4.00E-03 NA NA NA NA N A 0.80 'd 0.001 e 
Thallium 8.00E-05 b 8.00E-05 NA NA NA NA NA 1 .OO id 0.001 e 0.0010 
Tin 6.00E-01 c 6.00E-02 NA NA NA NA NA 0.10 d 0.001 e 

I 
, 

Vanadium 7.00E-03 c 1.828-04 NA N A N A NA N A 0.026 dl 0.001 e 
I 



Table 4.1 Toxicity Criteria and other Physical Chemical Values 1 
r 

Rm (mglkslda~) CSF (kg-daylmg) I Dermal 
Constituent Oral Adjusted Inhalation Oral Adjusted Inhalation I Absorption 

RlDo RlDa RtDi CSFo CSFa CSFi CSFex GI Factor i Kp(cm/hr) T (hr) A bs 

Radionuclides I 
Actinium-227+D NA NA NA 6.26E-10 c NA 7.87E-08 c 9.30E-07 c NA* 1 NA 
Bismuth-2 10 NA NA NA 7.29E-12 c NA 5.12E-11 c 0.00E+00 c NA* 1 NA 
Cobalt-60 N A N A NA 1.89E-l l c NA 6.888-1 1 c 9.768-06 c 
Lead-2 10 NA NA NA 6.75E-10 c NA 1.67E-09 c 1.12E-10 c 
Neptunium-237+D NA NA NA 3.00E-10 c NA 3.45E-08 c 4.62E-07 c ! 
Plutonium-238 NA NA NA 2.95E-10 c NA 

I 
2.74E-08 c 1.94E-l l c NA* 1 NA 

I'lutonium-2391240 N A NA NA 3.16E-I0 c NA 2.78E-08 c 1.26E-1 1 c NA* I NA 
Radium-226 NA NA N A 2.96E-10 c NA 2.75E-09 c 6.74E-06 c NA* NA 
Radium-228.t.I) NA N A NA 4.79E-10 c NA 9.78E-10 c 9.488-06 c 
Strontium-90-+D NA NA NA S.59E-I1 c NA 6.93E-1 1 c 0.00E+00 c 
Thorium-227 N A NA NA 4.04E-1 1 c NA 4.31E-09 c 1.74E-07 c NA* NA 
Thorium-228+D NA NA NA 2.31E-I0 c NA 9.68E-08 c 6.20E-06 c NA* i NA 
Thorium-230.tD NA NA N A 1.34E-09 c NA 2.38E-08 c 6.74E-06 c NA* 1 NA 
Thorium-232+D NA NA NA 5.12E-I0 c NA 1.17E-07 c 9.488-06 c NA* 1 NA 
Tritium NA N A NA 7.15E-14 c NA 9.59E-14 c 0.00E+00 c 1.00 I c 1.50E-05 
llranium-234 NA NA NA 4.44E-11 c NA 1.40E-08 c 2.14E-11 c NA* NA 
Uranium-235+D N A NA NA 4.70E-1 l c NA 1.30E-08 c 1.72E-ll c NA* NA 
Uranium-238.cD NA NA NA 1.43E-09 c NA 5.08E-08 c 7.01E-06 c NA* NA 

NA= Not Available 
a=NCEA I 

b= IRIS 
c=HEAST 
d=values compiled by ORNL, DOE-ORIERD site and presented on RAIS web page. 
e=Dermal Exposure Assessment Principles and Applications, 1992, EPA/600/8-9 1/01 1 B for Kp and lag time 
f=values provided by Mark Johnson USEPA for the DraA Dermal Risk Assessment Guidance for RAGS 
NA* HEAST does not recommend adjusting CSFo for dermal 

I 
I 
I 

i 



Table 5.1 Total Residual Risk for a Construction Worker Exposed to Soil in Parcel 4 1 

Constituent 

1 1  CANCER EFFECTS I NON-CANCER EFFECTS I 
Route-Specific Risk Cancer Route-Specific HQ / Non-Cancer 

Oral Dermal Inhalation Inhalation External Risk Oral Dermal Inhalation Inhalation External 111 
Dust VOCs Total Dust ' VOCs Total 

EPC ! 

Pesticides 
Endrin Ndchydc 
Endrin Ketone 

Antimony 
Bismuth 
Cerium 
Neodymium 
Thallium 

I 

NA N A NA NAP NAP N A NA NA 
i 

NA I NAP NAP N A 
NA N A NA NAP NAP NA N A N A NA ; NAP NAP NA 

NC NC N A NAP NAP N A 1.5E-Ol 1.7E-03 NA NAP NAP 1.513-01 
NC NC NA NAP NAP NA N A NA NA NAP NAP NA 
N A N A NA NAP NAP NA NA N A NA 1 NAP NN'  N A 
N A N A NA NAP NAP N A N A N A NN'  N A 
NC NC NC NAP NAP N A 3.9E-02 5.8E-05 NA NAP 3.9E-02 

Acenaphthylcne 0.243 NC NA NC NAP NAP NA N A N A NAP NA 
Benzo(a)p)~cne 0.33 8.IE-07 3.3E-07 3.3E-12 NAP NAP 1.lE-06 NA N A N A 1 ;: NN'  NA 
Benzo(b)fluoranthene 0.439 1. IE-07 4.48-08 4.4E-13 NAP NAP 1.5E-07 N A N A NA NN'  NA 
Benzo(g,h.i)perylene 0.241 NC NC NC . NAP NAP N A N A NA NAP NA 

NA I NAP Carbazole 0.219 l.5E-09 4.6E-10 NA NAP NAP 1.9E-09 NA N A NA , , NAP NAP NA 
hdeno( 1.2.3-cd)p)~ene 0.253 6.28-08 2.58-08 2.68-13 NAP NAP 8.7E-08 N A N A NA I NAP NAP NA 
Phcnanthrene 1 0.338 NC NC NC NAP NAP N A N A N A NAP N A 

EPC 
Radionuclides 
Actinium-227 0.23 8.68-08 NAP l.lE-10 NAP 8.8E-08 1.7E-07 N A NAP N A 
Lead-2 10 1.76 l.lE-06 NAP 4.OE-11 NAP 1.lE-10 l . lE-06 NA NAP N A 
Plutonium-238 55.40 9.8E-06 NAP 8.9E-09 NAP 4.4E-10 9.8E-06 N A NAP N A 
Radium-228' 2.57 7.48-07 NAP 9.78-08 NAP 1.OE-05 1.lE-05 N A NAP N A 
Thorium-230' 2.69 2.28-06 NAP 3.7E-10 NAP 7.5E-06 9.6E-06 N A NAP NA 

NAP N A NA 
NAP N A NA 
NAP N A NA 
NAP N A NA 
NAP NA NA 

1 

EPC Exposure point concentration 1 
mg'k3 Milligram per kilogram. 1 
NA Not available; insuficient toxicity data. 
NAP Not applicable pathway; not a VOC. 1 
pCilg Picocuries per gram 
VOCs Volatile organic compounds. 

Numbers written as 1.OE-03 equal 1x10". 
* Toxicity critcria used to calculate risk include all daughter radionuclides 

i 



Table 5.2 Background Residual Risk for a Construction Worker Exposed t o  Soil in Parcel 4 
f 
i 
I 

CANCER EFFECTS I 1  I NON-CANCER EFFECTS 

Constituent 
Route-Specific Risk Cancer ~oute-spec i f ic  1 . 1 ~  ( Non-Cancer 

Oral Dermal Inhalation Inhalation External Risk Oral Dermal Inhalation ; lnhalation External I-U 
Dust VOCs Total Dust , VOCs Tolal 

EPC I 

Pesticides 
Endrin Aldehyde 
Ihdrin Ketone 

hfetals - 
Antimony 
Bismuth 
Cerium 
Neodymium 
Ihallium 

s v o c s  - 
Acenaphthylcne 
Benzo(a)p}.rene 
Bcnzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Carbazole 
hdeno( l,2,3-cd)py~ene 
Phenanthrenc 

Radionuclides 
Actinium-227 
Lead-2 10 
Plutonium-238 

Radium-228' 
Thorium-230' 

E P C  
oCile 

B 

N A NA NA NAP NN'  N A N A NA NA i NN' NN' NA 
NA NA NA NAP NAP NA NA NA NA 1 NN' NN'  N A 

NC 
NC 
N A 
N A 
NC 

NC 
NA 
N A 
NC 
N A 
NA 
NC 

NAP 
NAP 
NAP 

NAP 

NAP 

NA 

NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 

NAP 
NAP 

NA 

NAP N A 
NN' N A 
NAP NA 
NAP N A 
NAP N A 

NAP N A 
NAP NA 
NAP N A 
NAP NA 
NAP N A 
NAP NA 
NAP N A 

NAP 
NAP 
NAP 

NAP 
NAP 

NA NAP 
NA 1 NAP 

NA 

NA NAP 
NA NAP 
NA I NAP 
NA I NAP 

NAP 5; NAP 
NAP 

I 

NA NAP i 
NA 1 NAP 
NA I NAP 

NA i NAP 
NA NAP 

NN' 
NAP 
NN'  
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NN' 
NAP 
NN' 

EPC Exposure point concentration 

"x?'h Milligram per kilogram. 
NA Not available; insuficient toxicity data. 
NN' Not applicable pathway; not a VOC. 
pCilg Picocuries per gram 
VOCs Volatile organic compounds. 

Numbers written as 1.OE-03 equal 1x10". 
Toxicity criteria used to calculate risk include all daughter radionuclides 



1 
Table 5.3 Incremental Residual Risk for a Construction Worker Exposed to Soil in Parcel 4 ! 

I 

Constituent 

! 

I CANCER EFFECTS I NON-CANCER EFFECTS I 
Route-Specific Risk Cancer Route-Specific HQ I Non-Cancer 

Oral Dermal Inhalation Inhalation External Risk Oral Dermal Inhalation' lnhalation External tU 

Pesticides 
Endrin Ndchyde 0.00093 N A N A N A NAP NAP NA NA NA N A 
Endrin Ketone 0.00086 N A NA NA NAP NAP NA NA NA NA 

Metals - 
Antimonyp 
Bismuth 
Cerium 
Neodymium 
Thallium , 

Acenaphthylcne 
Bcnzo(a)p).rene 
Benzo(b)fluoranthene 
Benzo(g,h,i)peqlene 
Carbazole 
Lndeno( 1.2.3-cd)pyrene 
Phenanthrcne 

NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

NN' NAP NA 
NN' NN' NA 

NN' 
NN' 
NAP 
NN' 
NN' 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NN'  
NN'  
NN' 
NN'  

NAP 
NN '  
NAP 
NN'  
NA1' 
NN'  
NAP 

EPC 
Radionuclides ! 
Actinium-227 0.64 2.4E-07 NAP 2.9E-I0 NAP 2.5E-07 4.9E-07 N A NAP NA ' NAP N A NA 
Lead-210 1.84 l . lE-06 NAP 4.1E-11 NAP l . lE-I0  l . lE-06 NA NAP NA i NAP NA N A 
Plutonium-238 75.98 1.3E-05 NAP 1.2E-08 NAP 6.1E-10 1.3E-05 N A NAP NA I NAP N A N A 
Radium-228* 2.57 7 . 4 ~ - 0 7  NAP 9.78-08 NAP I.0E-05 l . lE-05 N A NAP NA I NAP NA N A 
Thorium-23O* 0.79 6.4E-07 NAP l. lE-10 NAP 2.2E-06 2.8E-06 N A NAP NA 1 NAP NA N A 

I 

EI'C 

mgk3  
N A 
NN' 
pCiIg 
v o c s  

Exposure point concentration 
Milligram per kilogram. 
Not available; insufficient toxicity data. 
Not applicable pathway; not a VOC. 
Picocuries per gram 
Volatile organic compounds. 

Numbers written as 1 .OE-03 equal 1x10". 
Toxicity criteria used to calculate risk include all daughter radionuclides 



Table 5.4 Total Residual Risk for a Site Employee Exposed to Surface Soil in Parcel 4 i 
I 

1 1  1 NON-CANCER EFFECTS I 
Route-Specific Risk Cancer Route-Specific LIQ I Non-Cancer 

Constituent Oral Inhalation Inhalation External Risk Oral Inhalation Inhalation External 111 
Dust VOCs Total Dust VOCs Total 

EPC I 
mi& I 

Pesticides 
Ilelta-BI-IC 

I 
0.004670 N A NA NAP NAP N A N A NA NAP N A NY' 

Endosulfan Sulfate 0.000560 N A N A NAP NAP N A N A N A NAP N A NY' 
Ihdrin rUdehydc 0.000930 NA N A NN'  NAP N A NA NA NAB . NAP NA 
Endrin Ketone 0.000250 NA NA NAP NAP N A NA N A NN' NAP NA 

I 
Bismuth 
Lithium 

28.50 N A NA NAP NAP N A N A NA NAP NA 
I 

27.30 N A N A NAP NAP N A 6.7E-04 N A NAP N I V  6.7E-04 
I 

Semi-Volatile Oreanic Compounds 
2-Methylnaphthalene 0.063 
4-Ch\oro-3-methylphenol 0.007 
Phcnanthrene 0.078 

Radionuclides 
Actinium-227 
Lead-2 LO 
Plutonium-238 
Radium-228* 
Thorium-230' 
Uranium-238' 

TOTAL 

EPC 

0.24 
1.76 

20.40 
2.57 
2.69 
1.23 

NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

N A 

NAP 
NAP 
NAP 

4.68-07 
4.OE-I0 
8.1E-10 
5.OE-05 
3 .7845  
1.8E-05 

1.OE-04 

EPC Exposure point concentration 

mg'% Milligram per kilogram. 
NA Not available; insufficient toxicity data. 
NAP Not an applicable pathway. 
pCilg, Picocuries per gram 
VOCs Volatile organic compounds. 

Numbers written as 1 .OE-03 equal 1x10~'. 
* Toxicity criteria used to calculate risk include radionuclide daughters 



Table 5.5 Background Residual Risk for a Site Employee Exposed to Surface Soil in Parcel 4 

I 
I 
I 

CANCER EFFECTS I I NON-CANCER EFFECTS I 

Constituent 
Route-Specific Risk Cancer Route-Specific HQ 1 Non-Cancer 

Oral Inhalation Inhalation External Risk Oral Inhalation Inhalation External 1.U 
I 

Dust VOCs Total Dust VOCs Total 
EPC I 

l 
Pesticides 
Delta-UIlC NA NA N N '  NAP N A N A N A NAI; NAP NA 

I 
Endosulfan Sulfate NA NA NAP NAP N A NA NA NAI; NN'  N A 
Endrin Ndchyde N A N A NAP NAP N A N A NA N N ;  NAP N A 
~ n d r h  Ketone NA N A NAP NAP NA N A N A N N '  NA 

Metals 
13ismuth N A NA NAP NAP N A NA NA 

I 
NA? NAP NA 

Lithium 26 N A NA NAP NAP N A 6.48-04 N A NAP 6.48-04 

Semi-Volatile Oreanic Compounds 
2-Methylnaphthalene N A NA NAP NAP N A N A NA N A ~  NAP NA 

I 
4-Chlbro-3-melhylphcnol N A NA NAP NAP N A N A N A Nq NAP NA 
Phenanthrene N A N A NAP NAP N A N A N A NAP NA 

Radionuclides 
Actinium-227 
Lead-210 
Plutonium-238 
Radiu,m-228' 
Thorium-230* 
~rani"m-238* 

TOTAL 

EPC 

N A N A NAP N A N A NA NA 
I 

NAJi NA NA 
N A N A NAP N A N A N A N A NAPi N A NA 

1.2E-08 I.OE-10 NAP 5.1E-12 1.2E-08 NA NA NA NA NNi 
N A N A NAP N A N A N A N A N? NA N A 

8.OE-07 l.3E-09 NAP 2.6845 2.7E-05 NA NA Nq NA N A 
5.48-07 1.8E-09 NAP 1.78-05 1.8E-05 N A N A N A N A 

1.3E-06 3.2E-09 N A 4.33-05 4.5E-05 6.4E-04 N A "7 N A NA 6.48-04 

EPC Exposure point concentration 

mg"k? Milligram per kilogram. 
NA Not available; insuficient toxicity data. 
NAP Not an applicable pathway. 
pCi/g, Picocuries per gram 
VOCs Volatile organic compounds. 

Numbers written as 1.OE-03 equal 1x10". 
* Toxicity criteria used to calculate risk include radionuclide daughters 



Table 5.6 Increment.1 Re#ldual Risk for a Slle Employrr Exposed to Surface Sol1 In Parcel 4 1 
I 

1 CANCER EFFECTS I I NON-CANCER EFFECTS I 
Route-Specific Risk Cancer 

Constih~ent Oral Inhalation Inhalation External Ruk 
Dutt VOCs Total 

EPC 

Prsclcldes 
Delta-Rl IC 0.004670 NA N A NAP NAP N A 
Endosulfan Sulfate 0 000560 N A  N A NAP NAP N A 

E n h  Aldehyde 0 W0930 N A NA NAP NAP N A 
En& Ketone 0.W02JO NA N A NAP NAP N A 

B'imurh 
Lithium 

28.50 NA N A NAP NAP NA 
1.30 NA NA NAP NAP N A 

Scml-Volstllr Oreanlc Com~ounds 
2-Melhylnaphlhalene 0.063 N A N A NAP NAP N A 
4-Chloro-3-mehylphenol 0.007 N A N A NAP NAP N A 
Phcnanlluene 0.078 N A N A NAP NAP NA 

Radlonuclldrs 
Actinium-227 
Lead-2 10 
Plutoruum-238 
Radium-228' 
Thorium-230' 
Uranium-238' 

EPC 

DCVe 
0.24 4.7E-08 5.5E-I0 NAP 4.6E-07 5.OE-07 
1.76 3.78-07 8.6E-1 l NAP 4.OE-10 3.78-07 

20.27 1.9E-06 1.6E-08 NAP 8 0E-10 1.9E-06 
2.57 3.8E-07 7.3E-09 NAP 5.OE-05 S.OE-05 
0.79 3 3E-07 5.5E-I0 NAP 1. IE-05 l.lE-05 
0.03 1.3E-08 4.SE-ll NAP 4.3E-07 4.48-07 

TOTAL 3.OE-06 2.5E-08 NA 6.IE-05 6.SE-05 

Route-Specific HQ I Non-Cancer 
Oral Inhalation Inhalation Extemal HI 

Dust VOCs Total 

1 

NA N A  NAP NAP EI A 
N A N A NAP Y A P  FJ A 
NA N A NAP N,AP ' NA  
N A N A NAP NAP PIA 

NA NA NAP N,AP NA 
3.2E-05 N A NAP NAP 3.2E-05 

NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

EPC 

mg/ks 
NA 
NAP 

P C ~ P  
v o c s  

Exposure point concentration 
Migram per kilo-. 
Not available; insufficient toxicity dab. 
Not an apphcable pathway. 
Picocunes per 
Volatile organic compounds 

~ u m b c r s  wrinen as 1 . 0 ~ - 0 3  equal 1x10". 
Toicity criteria used to calculate risk Include radionuclide daughters 



Table 5.7 Current Total Residual Groundwater Risk for the Construction Worker Scenario 

I CANCER EFFECTS I \ NON-CANCER EFFECTS I 
Route-Specific Risk Cancer Route~Specific I-iQ Non-Cancer 

Constituent Oral Dennal Inhalation External Risk Oral Dermal Inhalation 111 
Total VOC(8howcr) Total 1 VOCs Total 
E P C  I 

I 

i 
Antimony 0.0402 N A N A NAP N A 9.8E-01 1.6E-01 NAP l.lE+OO 
Cadmium 0.00525 N A N A NAP N A 1.OE-01 3!3E-02 NAP 1.4E-0 1 

1 

Copper 0.0227 N A N A NAP N A S.6E-03 6 , '0~-05  NAP 5.6E-03 
I 

Radionuclides 

Thorium-230 2.1E-06 NA NAP 

I 

2.1 E-06 NA /NA NAP NAP 

mgIL 

N A 

NAP 

NC 

pCi/L 

v o c s  

Milligram per liter. 

Not available; insufficient toxicity data. 

Not applicable pathway; not a VOC. 
Not a suspected carcinogen. 

Picocuries per liter. 

Volatile organic compounds. 



Table 5.8 Current Background Residual Groundwater Risk for the Construction Worker Scenario ! 
CANCER EFFECTS I I NON-CANCER 1SFFECrS 1 

Route-Specific Risk Cancer Route-Spekific IIQ Non-Cancer 
Constituent Oral Dermal Inhalation Risk Oral Dermd Inhalation 111 

Total v o c ( ~ h O w c , )  Total VOCs Total 
EPC i 

kletals 

Antimony 

Codniiurn 

Copper 

Radionuclides 

Thorium-230 

& 
0.000578 N A N A NAP N A 1.4E-02 2.3E-03 NAI' 1.6E-02 

I 

N A N A NAP N A O.OE+ 00 O.OB.+OO NAP N A 

0,001 167 N A N A NAP N A 2.9E-04 3. I E-06 NAP 2.9E-04 

l a I 
O.OE+OO N A NAF' N A N A NA 1 NAP NAP 

mg/L 
NA 

NN' 

NC 

pCilI, 

v o c s  

Milligram per liter. 

Not available; insuficient toxicity data. 

Not applicable pathway; not a VOC. 

Not a suspected carcinogen. 

Picocuries per liter. 

Volatile organic compounds. 



I 
I 

Table 5.9 Current Incremental Residual Groundwater Risk for the Construction Worker Scenario 
I 

I CANCER EFFECTS I I NON-CANCER EFFECTS 1 
Route-Specific Rlsk Cancer Route-Specific 1 lQ Non-Cancer 

Consl~tuent Oral Dermal lnhalat~on R~sk Oral Dermal Inhalation 111 
Total VOC(,~OW,,) Total I VOCs Total 
EPC 

kletals 
Antimony N A N A NAP N A 9.7E-0 1 1 .6~-0  I NAP 1.1 E+00 

Cadmium 0.00525 N A NA NAP N A I .OE-01 3.3~-02 NN' 1.4 E-0 I 

Copper 0.021 533 N A N A NAP N A 5.3E-03 5.7~-05 NAI' 5.3E-03 
I 

Radionuclides 

Thorium-230 

pCi/L 

1.25 2.1 E-06 N A NAP 2.1 E-06 N A NN' 

2.1 E-06 
I 

TOTAL 2.1 E-06 N A NAP l.lE+OO 1.9E-01 NN' 1.3E+00 
I 

mglL 

N A 
NAP 

NC 

pCiIL 

v o c s  

Milligram per liter. 

Not available; insullicient toxicity data. 

Not applicable pathway; not a VOC. 

Not a suspected carcinogen. 

Picocuries per liter. 

Volatile organic compounds. 



Table 5.10 Curren t  Total Residual Groundwater Risk for Site Employee Scenario 
I 

Constituent 

I .  

 CANCER EFFECTS I I NON-CANCER EFFECI-sj I 
Route-Specific Risk Route-Specific FIQ Non-Cancer 

Oral Risk Oral 111~ 

hletals 
Antimony 
Cadmium 
Copper 

Radionuclides pCi/L I 
1 

Actinium-227 0.5 2.OE-06 2.OE-06 N A N A; 
Plutonium-2391240 2 4.OE-06 4.OE-06 N A N AI 
Thorium-228+D 2.17 3. I E-06 3.1 E-06 N A NA: 
Thorium-230+D 1.25 1.OE-05 1.OE-05 N A N A! 
Uranium-234 8.14 2.3E-06 2.3E-06 N A N A( 

TOTAL 2.2E-05 2.2E-05 1.1 E+00 
I 

I.lE+OO 
I 

mg/L 
N A 
NAP 
p C i k  
v o c s  

Milligram per liter. 
Not available; insufficient toxicity data. 
Not applicable pathway; not a VOC. 
Picocuries per liter. 
Volatile organic compounds. 





Table 5.12 Current Incremental Residual Groundwater Risk for the Site Employee Scenario 

 CANCER EFFECTS I 1 NON-CANCER EFFECTS ] 
Route-Specific Risk Route-Specific HQ Non-Cancer , 

- .  --. 1 
Constituent Oral Risk Ural H I  I 

Total Total Total I 
EPC I 

Metals 

Antimony 

Cadmium 

Copper 

Radionuclides 
Actinium-227 
Plutonium-239/240 
Thorium-228+D 
Thorium-230+D 
Uranium-234 

TOTAL 

mg/L 
N A 
NAP 
pCi/L 
v o c s  

Milligram per liter. 
Not available; insufficient toxicity data. 
Not applicable pathway; not a VOC. 
Picocuries per liter. 
Volatile organic compounds. 



Table 5.13 Future Total Groundwater Risk for the Construction Worker Scenario I 
, I 

I CANCER EFFECTS I I NON-CANCER EFFECTS I 
Constituent 

Route-Specific Risk Cancer Route-Specific HQ I Non-Cancer 
Oral Dermal Inhalation Risk Oral Dermal Wlalation I HI 

Total vOC(h-,) Total VOCs I Total 
EPC 

- 
I 

VOCs - 
1 -2-Dichlorocthene 
Dichloromethane 
Tetrachloroethene 
Trichloroethene 

Inoreanics 
Aluminum 
~ n l i o n ~  
Beryllium 
Bismuth 
Cadmium 
Chromium W* 
Copper 
Lithium 
Manganese 
Molybdenum 
Nickel 
Thallium 
Vanadurn 

Radionuclides 
Radium-226 
Strontium-90 
Thorium-228 
Thorium-23M-D 
Thorium-232+D 
Tritium 
Uranium-234 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

pCi& 
16902 3.58-13 NA NAP 3.58-13 N A N A NAP 
1.3177 6.78-08 NA NAP 6.78-08 N A N A NAP 
2.5351 7.38-07 NA NAP 7.38-07 N A N A NAP 
1.4261 2.48-06 NA NAP 2.4E-06 N A N A NAP 
0.1747 1.18-07 NA NAP I .  I 8-07 N A N A NAP 

66806 3960 6.08-06 2.98-04 7.58-08 3.OE-04 N A N A NAP 
8.7303 4.88-07 NA NAP 4.88-07 N A N A NAP 

TOTAL 9.9E-06 2.93-04 7.78-08 3.OE-04 5.1EtO0 4.88-01 4.88-04 1 5.5EtO0 - 
I 

mgR 
N A 
NAP 
PC& 
VOCs 

Milligram per liter. 
Not available; insuff~cient toxicity data 
Not applicable pathway; not a VOC 
P~cocuries per liter 
Volatlle organic compounds 
Chrom~um was consewatlvely assumed to be in the hexavalent state 



Table 5.14 Future Background Coundwater Risk for the Construction Worker Scenario I 

I 

Constituent 

CANCER EFFECTS I I NON-CANCER EFFECTS 1 
Route-Specific Risk Cancer Route-Specific HQ I Non-Cancer 

Oral Dermal lnhalat~on Risk Oral Dermal Inhalation HI 
Total vW(,-, Total VOCs Total 
EPC 1 

v o c s  - I 

1 -2-Dichloroelhene N A N A N A N A N A N A N A 
Dichloromelhane N A N A N A N A N A NA NA 
Tetrachloroethene N A N A N A N A N A NA NA N A 
Trichloroelhene NA NA NA NA NA NA NA I N A 

Inoreanics 
Aluminum 
Antimony 
Beryllium 
Bismuth 
Cadmium 
Chromium VI* 
Copper 
Lithium 
Manganese 
Molybdenum 
Nickel 
Selenium 
Thallium 
Vanadium 

Radionuclides 
Radium-226 
Strontium-90 
Thorium-228 
Thorium-2301.D 
Thorium-232+D 
Tritium 
Uranium-234 
Uranium-238+D 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 

1.E-09  
NAP 
NAP 

NAP1 
NAP' 
NAP1 

NAPl 
NAP. 
NAP! 
NAP i 
NAP 
NAP ' 
NAP / 
NAP 

I 

f 
NAP l 
NAP 
NAP I 
NAP 1 
NAP, 

NAP 1 
NAP 1 
NAP 1 

TOTAL 2.3E-06 6.5E-06 1.E-09  8.7E-06 
I 

2.1E-01 1.5E-02 O.OE+OO 2.2E-01 

mpn, 
N A 
NAP 
NC 
pCiL 
v o c s  
* 

Milligram per liter. 
Not available; insufficient toxicity data 
Not applicable pathway; not a VOC. 
Not a suspected carcinogen. 
Picocuries per liter. 
Volatile organic compounds. 
Chromium was consewatively assumed to be in lhe hexavalent stale 



Table 5.15 Future Incremental Groundwater Risk for the Construction Worker Scenario 

Constituent 

1 

I CANCER EFFECTS I I NON-CANCER'EFFECTS I 
Route-Specific Risk Cancer Route-Specific HQ ' Non-Cancer 

Oral Dermal Inhalation Risk Oral Dermal Inhalation l n  
I 

Total vOC(show=) Total YOCs Total 
EPC I 

1.2-l)ichlorocthenc 
Dichloromethane 
Tctrachloroclhene 
Trichloroethcne 

lnoreanics 
Aluminum 
Antimony 
Beryllium 
Bismuth 
Cadmium 
Chromium VI* 
Copper 
Lithium 
Manganese 
Molybdenum 
Nickel 
Thallium 
Vanadium 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

I 

;NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 

NAP 
N"P r AP 
NAP 

Radionuclides 
Radium-226 
Strontium-90 
Thorium-228 
Thorium-23O+D 
Thorium-232+D 
Tritium 
Uranium-234 

pCi/L 
0.6942 2.68-07 N A NAP 2.68-07 N A NA NAP N A 

I 
0.3427 1.8E-08 N A NAP 1.8E-08 N A N A NAP NA 
1.7561 5.IE-07 N A NAP 5.1E-07 N A NA NAP NA 
1.4261 2.48-06 N A NAP 2.4E-06 N A NA NAP NA 

-0.1393 -8.98-08 NA NAP -8.9E-08 N A NA YAP NA 
65320.9230 5.8E-06 2.88-04 7.3E-08 2.93-04 N A NA NAP N A 

7.9383 4.4E-07 N A NAP 4.48-07 N A N A v" N A 

TOTAL 
I 

9.6E-06 2.83-04 7.68-08 2.9E-04 4.9E+00 4.6E-01 4.8E-04 5.3E+00 
I 

mgfl, Milligram per liter. I 
NA , Not available; insuficient toxicity data. 1 
NAP Not applicable pathway; not a VOC. I 
NC Not a suspected carcinogen. 
pCiL Picocuries per liter. 
v o c s  Volatile organic compounds. i 

Chromium was conse~vatively assumed to be in the hexavalent state. 
Note: Negative risk values were not added into the total incremental risk. 

' 



Table 5.16 Future Total Residual Groundwater Risk for Site Employee Scenario 1 

Consliluenr 

]CANCER EFFECTS -I r NON-CANCER EFFECTS ] ! 
Route-Specific Risk Route-Specific HQ Non-Cancer I 

Oral Risk Oral HI 

VOCs - 
cis-1.2-Dichloroethene 
1 -2-D~chloroelhene 
Dichloromethane 
Trichloroethene 

Metals - .  
Aluminum 
Antimony 
Beryllium 
Bismuth 
Cadmium 
Chromium VI* 
Copper 
Lithium 
Manganese 
Molybdenum 
Nickel 
Thallium 
Vanad~um 

Radionuclides 
Actin~um-227+D** 
Plutonium-238 
Plutonium-239/2401* 
Radium-226 
Radium-228+D 
Slronlium-90 
Thorium-228+D 
Thorium-23PD 
Thor~um-232+D 
Tritium 
Uranium-234 

TOTAL 5.9E-05 5.93-05 5.1 E+00 5.1 E+00 

mdL 
N A 
NAP 
NC 
pCiL 
VOCs 
* 

Milligram per liter. 
Not available; insuflic~ent tox~city data 
Not applicable pathway, not a VOC. 
Not a suspected carcinogen. 
Picocuries per liter. 
Volatile organic compoundr 
Chromium was conservatively assumed Lo be in the hexavalent state 
COPC for current groundwater, therefore, retained as future COPC. 

1 



Table 5.17 Future Background Residual Groundwater Risk for Site Employee Scenario 
, : 

i 

IC~LVCER EFFECTS I I NON-CANCER EFFECTS 1 
Route-Spcc~lic Rlsk Route-Spcc~fic IlQ Non-Canccr 

Constituenl Oral Risk Oral HI 
Total Total Total I 

I 

EPC I 

v o c s  - 
cis-1.2-Dichloroethene 
1.2-Dichloroethene 
Dichloromechane 
l'richloroethene 

hletals - 
Aluminum 
Antimony 
Beryllium 
Bismuth 
Cadmium 
Chromium VI* 

Copper 
Lithium 
Manganese 
Molybdenum 
Nickel 
Thallium 
Vanadium 

Rndionuclides 
Actinium-227+DU 
Plutonium-238 
Plutonium-239/240e+ 
Radium-226 
Radium-228+D 
Strontium-90 
Thorium-228+D 
Thorium-230eD' 
Thorium-232+D 
Tritium 
Uranium-234 

TOTAL 5.5E-06 5.5B-06 1.2E+00 1.2E+00 1 

Milligram per liter. 
Not available; insflcient toxicity data 
P~cocwies per liter 
Volatile organic compounds. 
Chrom~um was consewatively assumed to be in the hexavalent state. 
COPC for current groundwater. therefore, retained as futwc COPC. 



Table 5.18 Future Incremental Residual Groundwater Risk for Site Employee Scenario 

Constituent 

 CANCER EFFECTS I 1 N o N - c m c E R E F F ~ c T s  1 
Route-Specific Risk Route-Specific HQ Non-Cancer I 

Oral Risk Oral HI I 

Total Total Total 
EPC I 

v o c s  - 
1.2sis-dichloroethene 
1.2-Dichloroethene 
Dichloromethane 
Trichloroethenc 

Mr(als 
Aluminum 
hlimony 
Beryllium 
13ismuth 
Cadmium 
Chromium VI* 

Coppr  
Lithium 
Manganese 
Molybdenum 
Nickel 
Thallium 
Vanadium 

Radionuclides 
Actinium-227+D** 
Plutonium-238 
Plutonium-239124011 
Radium-226 
Radium-228+D 
Strontium-90 
Thorium-228 
Thorium-23WD 
Thorium-232+D 
Tritium 
Uranium-234 

TOTAL 5.46-05 5.4E-05 4.9E+00 4.9E+00 ! , 

i 
m a  Milligram per liter. 
N A Not available; insd~cient toxicity data. 
NAP Not applicable pathway, not a VOC. 
pCi11, Picocuries per liter 
VOCs Volatile organic compounds. 

Chromium was conservatively assumed to be in the hexavalent state 
*1 COPC for current groundwater, therefore, retained as future COPC. 
Note: Negative risk values were not added into the total incremental risk 

1 



Table 5.19 Total Residual Risk for Parcel 4 Summary Table 

~ I S  - below land surface 
NA - Not applicable 
*RRE values for air were brought forward from the Technical Position Report for Release Blocks D and H. (DOE 1999). 

Numbers written as 1 .OE-03 equal 1x10-' 



Table 5.20 Background Residual Risk for Parcel 4 Summary Table 

01s - OCIUW lana surlace 
NA - Not applicable 
*RRE values for air were brought forward from the Technical Position Report for Release Blocks D and H. (DOE 1999). 

Numbers written as 1 .OE-03 equal I xl0.' 



Table 5.21 Incremental Residual Risk for Parcel 4 Summary Table  

bls - below land surtace 
NA -Not applicable 
*RRE values for air were brought forward from the Technical Position Report for Release Blocks D and H. (DOE 1999). 
** For Future Groundwater, incremental risk resulted in negative values for several constiuents (manganese, cis,1,2-dichloroethene, and 
thorium-232+D) carried through the RRE. The negative incremental risk was not added into the total incremental risk. 

Numbers written as 1 .OE-03 equal 1 XI  0.' 

Scenario and 
Receptor 

. <. 
?: 

Constructron 
Worker Scenano 

- - -. 

Srte Employee 
Scenano 

. .  . .  . . 

Media 
, '< v 

,% 

So11 (all sample 
depths) 
Current 

and 
Future 

- Grouniw?itF 
(Current) 

Groundwater 
(Future) 

k r *  

Constituents 
I \  . < > <%> 

Chemrcal and 
Rad~ologrcal 

- ChGrCal- - 
and Radrologrcal 

Current 
Chemrcal 

and Radrolog~cal 

Future 

Pathwav 

3.2E-04 

3.OE-06 

5.5E+00 

3 2E-05 

Cumulative Incremental Future Risk 

2 0E-07 
2 OE-07 
3.2E-05 

Total Koncarcinogen 
Risk HI 

Radrologrcal I Inhalatron 
k r  Total Rrsk 

Cumulative Incremental Current Risk 

Sorl (0-2 ft bls) 

Total Carcinogenic 
Risk ELCR 

N A 
N A 

1.5E+00 

Current 
and 

Future 

Groundwater 
(Current) 

Groundwater 
(Future) 

k r *  

% 

1.7E-05 
4 0E-07 
1.3E-08 

N A 
1.2E-05 
2.9E-05 _ 
2.1 E-06 

N A 
N A 

2.1E-06 
9.6E-06 
2.8E-04 
7 6E-08 
2.9E-04 

--- % ;? , * ,  
n -  

Ingestion 
Dermal Contact 
Inhalatron of Dust 
Inhalat~on of VOCs 
External 

So11 Total Rrsk 
Iiisestron 
Dermal Contact 
lnhalatron Whrle Showenng 

Groundwater Total Rrsk 
Ingestron** 
Dermal Contact** 
Inhalatron While Showenng 

Groundwater Total h s k  

N A 
N A 
N A 

3 2E-05 

1.1E+00 

1.1E+00 

4.9E+00 

4.9E+00 
N A 
N A 

1.1 E+00 
4.9E+00 

f 1 

\ 

> 

> < 

1 6E-01 
1 7E-03 

N A 
N A 
N A 

1 6E-01 
l.lE+OO 
1 9E-01 

N A 
1.3E+00 
4.9E+00 
4 6E-01 
4 8E-04 
5.4E+00 

2 5E-08 
N A 

6.1 E-05 
6.4E-05 

1.8E-05 

1.8E-05 

5.4E-05 

5.4E-05 
9 9E-07 
9 9E-07 
8.3E-05 
1.2E-04 

Cumulative Incremental Current Risk 
Cumulative Incremental Future Risk 

" 

Chemrcal and 
Radrolog~cal 

Soil 
Chemrcal 

and Radrolog~cal 
Current 

Chemrcal 
and Radrologrcal 

Ingestron 
Inhalat~on of Dust 
Inhalatron of VOCs 
External 

Total Risk 

lngest~on 

Groundwater Total Risk 

Ingestron** 

Future Groundwater Total Risk 
Radrologrcal I Inhalat~on 

Air Total Risk 
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SOURCE RELEASE 
MEDIA MECHANISM 

EXPOSURE 
MEDIA 

EXPOSURE 
ROUTES 

! HUMAN 
i RECEPTORS 
I 
I 

I 
INHALATION (VAPORS) 

b VOLATILIZATION * b AIR INHALATION (RADON) 1 1 

I 

I 

INGESTION 
DERMAL CONTACT • - 

INHALATION (FUGITIVE DUST) a 
EXTERNAL RADIATION 

CURRENTIFUTURE 
CONSTRUCTION WORKER 

ADULT1 

INGESTION 1 a 
DERMAL CONTACT 
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Appendix A 

Evaluation of Potential Cumulative Exposure -Air 



Al. l  EVALUATION O F  POTENTIAL CUMULATIVE EXPOSURE - AIR 

Potential exposure to contaminants originating from outside Parcel 4 that may reach a receptor in 
the Parcel 4 are termed potential cumulative exposures. This appendix 'presents potential 
cumulative exposures that may come from air. 

Airborne contaminant concentrations were measured at the Mound Facility in 1994 during 
various site restoration activities (DOE, 1994). Both ralological and non-radiological data were 
collected. It is assumed that the measured concentrations would represent an upper-bound air 
concentration. These data are shown in Table Al-1. h s k s  due to inhalation of the radionuclides 
by construction workers and site employees were calculated and are also presentedln Table-Al.4 

- - _ _ _ _ _  _ - -- - -  

The calculated risks attributable to the potential upper-bound exposure of airborne contaminants 
would total 2.OE-07 for the construction worker and 9.8E-07 for the site employee. Note that the 
potential exposures and associated risks are based on the assumption of long-term consumption of 
this upper-bound concentration that was measured during site restoration activities. 

Table Al-1 Concentration of Radionuclides in Air in 1994 (EG&G Mound 
Applied Technologies- Mound Site Environmental Report 

for Calendar Year 1994, pg. 4-15 to 4-17) MLM-3814 

t Error limits are estimates of the standard error of the estimated means at the 95% 
confidence level. Values given are from the location on the site with the highest 
concentration (based on the average of two or more samples). 

Radionuclide 

Tritium oxide (H-3) 
Plutonium-23 8 
Plutonium-2391240 
Total 

* * Calculated risks assumed that the maximum concentration shown here was the C,, value 
needed for the calculation of risk by inhalation for construction workers and site 
employees. 

Note: Calculation and methodology information is provided in Appendix D of the Release Block 
D RREM, December 1996. Risk from air was not recalculated. 

Maximum 
Concentration* 

(pCi1mL) 
7.54 i 4.61E-12 
259.65 * 289.58E-18 
3.50 *2.75E- 18 

k s k s  to Construction 
Worker* 

1.8E-08 
1.75E-07 
2.5E-09 
2.OE-07 

k s k s  to Site 
Employees* * 

9.OE-08 
8.8E-07 
1.2E-08 
9.8E-07 



Appendix B 

Methodology and Evaluation of Groundwater Exposure 
for Mound RRE 



Potential Future Maximum Concentrations of COPCs in Groundwater' 

a This Appendix describes the steps completed to estimate the potential future concentration of 

contaminants in the Mound Plant Production Wells. In summary, very conservative estimates of future 

contaminant concentrations were developed by assuming all contaminants currently detected in the 

Bedrock Aquifer of the Mound Property would migrate to the Buried Valley Aquifer (BVA), from which the 

Mound Plant Production Wells withdraw potable water for Mound facility use. The calculated potential 

Mound Plant Production Wells to obtain the estimated future contaminant concentrations. 

The techniques used to forecast future contaminant concentrations were purposely designed to 

represent the most conservative (worst-case) future scenario possible. This overly conservative approach 

assures no significant chemical of concern would be prematurely removed from the risk evaluation 

process. The steps completed to develop this initial "model" of the future contaminant concentrations in 

the Mound Plant Production Wells are summarized as follows. 

1. Using established groundwater flow net analysis techniques, a topographic map of the 

bedrock surface underlying the Mound facility was used to create 20 evaluation areas of similar 

size termed "flow tubes." Ground water flow within the Bedrock Aquifer was assumed to 

generally follow the topography of the bedrock surface. The flow tubes were delineated based on 

drainage patterns suggested by the bedrock topographic map (see Figure B-1). Within each flow 

tube it is assumed ground water flows in the same general direction, on a slope of the same 

general gradient. Based on topography and gradient, ground water from the majority of these 

flow tubes will eventually flow into the BVA. Although several of the flow tubes do not appear to 

contribute to the BVA directly, they were considered to contribute to the BVA to make the future 

scenario as conservative as possible. 
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2. All contaminant concentration data from bedrock wells currently maintained or archived in the 

MElMS database were examined for each flow tube. The maximum concentration of each 

analyte for any of the bedrock wells or selected bedrock seeps was assumed to be representative 

of the contamination within the flow tube. This maximum concentration was multiplied by the 

volume of water per unit time that flows within each flow tube in order to determine the mass of 

each contaminant that could be contributed to the BVA production wells. 

_ _ -  _- _ _  _ _ _ - 

3. The total flow of each tube was determined by measuring the width and the gradient of the 

flow tube from the bedrock topographic map. These were multiplied by the assumed thickness of 

the bedrock aquifer (40 feet), and by the assumed hydraulic conductivity (0.1 feetlday). The 

product of these values is the volume of ground water flow per flow tube per unit time. 

4. The maximum concentration of each analyte from each flow tube was applied to the total flow 

of each tube to determine a potential mass of contaminant entering the BVA per year per flow 

tube. 

5. The contaminant mass from each flow tube was summed to provide the total potential mass 

of each contaminant contributed by the bedrock aquifer to the BVA per year. 

6. The total mass of each contaminant was divided by an assumed Mound Plant water use of 

260,000 gallons per day (94,900,000 gallons per year) to obtain the theoretical concentration of 

the bedrock contribution for all bedrock contaminants. Therefore, the very conservative 

assumption is made that the masses of contaminants that enter the BVA from the bedrock 

contribute to the production wells without any dilution or degradation. 

7. This theoretical concentration was added to the current concentration of contaminants 

observed in the Mound Plant Production wells to obtain the theoretical worst-case future ground 

water concentration. 
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This approach represents the most conservative scenario possible using currently available 
. . 

ground water data. A more realistic estimate of the future ground water concentrations would require 

consideration of dilution and degradati0.n of contaminants within the bedrock and the BVA aquifers, 

quantification of the actual amounts of bedrock water intercepted by the Mound production wells and 

replacement of the maximum contaminant concentrations with more representative values. 

___ .  -. -_______ -_ -_ - -- 
- 

.- - -- -Table &-1-lists-all-contaminZnts-of potentlal concern detected in either a bedrock well, seep or a 

Mound Plant Production well, their respective concentrations, and the calculated combined estimated 

future maximum concentration. 

Antimony - An Example 

The wells and seeps selected to best represent the water quality of the consolidated lithologic 

units beneath the Mound are summarized in Table 8-2. Upon review of the data in the MElMS database 

for these monitoring locations, antimony was detected in the bedrock monitoring wells and seeps in 21 

a out of 122 analyses for this parameter. All designated wells and seeps were assigned to specific flow 

tubes. The highest concentration measured in each monitoring well or seep within a flow tube was used 

to calculate a potential annual contribution of antimony to the groundwater. Table 8-3 summarizes the 

water volume and concentrations used to project antimony loading to the Mound production wells. 

As shown in Table B-1, the calculated COPC concentration obtained from the flow tube model is 

added to the existing concentration measured in the production wells. It is this potential future maximum 

constituent concentration which is the RRE modeling process. 
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Table B-1 
Estimated Future Maximum Constituent Concentrations in the BVA 

Bedrock Flow Tube Model Results 

Evaluation of Groundwater Exposure for Mound RREs 
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1,2-cis-Dichloroethene 
-- -- -1;2;Dichloroethene- 

Actinium-227 
Aluminum 
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1 

0.0007 
- -- 0.0023- 

1.9876 

Est. Future 
Max. Conc. 

(mg/L or pCi/L) 

Bedrk. Contribution 
to BVA 

(mg/L or pCi/L) 

Current Production 
Well Concentration 

(mg/L or pCi/L) 

0.00122 -- 
-- 0.00720 

0.5000 
0.0741 0 

0.001 87 
0.00945 
0.5000 

2.061 72 
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Table 8-2 
Locations and Details of Water Quality Monitoring Sites 

Used in Bedrock Flow Tube Calculations 
Well 1 

Seep I.D. 
Well 

Depth 
(feet) 

Parcel Flow Tube Screen 
Length 
(feet) 

Abandoned - Historical Data Only. Use 
in Flow Tube 1 1  

Abandoned - Historical Data Only. Use 
in Flow Tube 12 

- - -  - Use-in Flow-Tube -1-1 -- - - 

Use in Flow Tube 15. At top of recharge 

Bedrock Monitoring Wells 
0034 (a) 

0035 (a) 

01 12 
01 13 

Depth into 
Bedrock 

(feet) 

Comments 

8 

8 

- 7 - 
6 

11 

12 

A1 _ _ 
Recharge 

20.61 

20+ 

-_ 36.70- 
55.72 

3 

2 

-1 0- 
3 

7.5 

6.0 

--13.0--- 
56.5 
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Table 6-2 (continued) 
Locations and Details of Water Quality Monitoring Sites 

Used in Bedrock Flow Tube Calculations 
Well I 

Seep I.D. 
Parcel Flow Tube 

Use in Flow Tube 6. At base of Flow 
Tube in discharge area 

-- Use - in-Flow-Tube-5,-although-ve1ly- 
shallow 

Use in Flow Tube 14 
Use in Flow Tube 18 

a - abandoned 

6.5 

2.0 

NA 
NA 

Well 
Depth 
(feet) 

10 

5 

NA 
NA 

Interface Monitoring Wells - Partially 
Screened into Bedrock 

031 4 

0353 

Comments Screen 
Length 
(feet) 

6 

5 

8 

8 

Depth into 
Bedrock 

(feet) 

45.47 

22.12 

Bedrock Seeps with 
Annual Flow 

60 1 
607 

8 
3 

14 
18 

NA 
NA 



Table 8-3. 
Contribution of Antimony Attributed to Bedrock derived 

Groundwater for the Future Maximum Concentration 
Evaluation 

Flow Tube I Flow Tube I Parameter I Annual Bdrk 
Contribution 

(literslyr) 

Mound Water Use: 
260000 gallonslday 

94900000 gallonslyear 
359224970 literslyear 

- 

Projected Antimony contribution from bedrock 
to the BVA: 0.003387 mg1L 

1 
2 

--  - 

3 
4--- 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Averages 
Totals 
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Appendix C 

Calculations for Updated Screening Guidance Values 



The following equations were used to calculate new soil guideline values in accordance with the methodolog). presented in Risk Based Guideline Values, 

Mound Plant, March 1997a. 

The equations arc thc same for construction worker and site cmployec scenarios, only the input parameten to the equations are different. 

Soil Cancer Risk Based Guideline Values (RBGV) are calculated by the following equation for 

Chemicals- h'onradiological 

RBGV (%kY 
TCR x BW x AT x 365 

EF x ED [CSFo x CFI x IRsoil) + (CSFI x IRair x (IPEF+ INF)] 
Where- 

CSFo= loral Cancer Slope Factor ( chemical specific 1 chemical specific 

CFI= l~onvenion Factor I 0.OOoOol kglmg I 0.00OOOl lrglmg 

-. - -  

Soil Cancer Risk Based Guideline Values (RBGV) are calculated by the following equation for 

Radiological Constituents 

TCR- 

BW= 

EFT 

IR soil= 

CSFi= 

IR air= 

PEF= 

VF= 

RBGV (pCi/g)= TCR 

(EF x EDlx [(CSFo x CFI x IRsoil) + (CSFi x CF2 x IRair x (IPEF+ INF))]) + (ED2 x CSFex x (I-Sc) x Tc) 
Where. 

Soil h'on-cancer Risk Based Guideline Values (RBGV) are  calculated by the following equation for 

Nonradiological Chemicals 

RBGV (mgkg)= THI x BW x AT x 365 

EF x ED [(IIRfDo) x CFI x IRsoil) + ((IIRfDi) x IRair x (IIPEF+ IIVF)] 
Whnc: 

Target Cancer Risk 

Body Weight 

Exposure Frequency -- -- 

chemical specific 3 

Ingestion Rate Soid 

Inhalation Cancer Slope Factor 

Inhalation Rate Au 

Particulate Emissions Factor 
Votanlization Factor 

Site Employee 

l.WE-06 

7o kg 
- --- 250-&@y-- 

50 mg/day 
chemical specific 

20 m31day 

4.288+09 m3/kg 
chemical specific 

480 m@day 

chemical specific 
20 m3/&y 

4.28E+09 m3kg 

Construction Worker 

1 .WE46 

70 kg 
-- - --250 days/yr- - -- 



Constituent 

I TOXICITY VALUES FOR SOIL GVS I 1 
RID (mg/kg/day) CSF (kg-daylmg) 1 

Oral Adjusted Inhalation Oral Adjusted Inhalation 

PAHs 
Dibenzo(a, h)anthracene 
Fluorene 
Indeno(1,2,3-cd)pyrene 
~is(2-ethylhcxyl)phthalate 
Fluoranthcne 
Pyrenc 

Pesticides 
Aldrin 
Alpha Chlordane 
Della-BHC 
Endosulfan I 
Endosulfan I1 
Endosulfan Sulfate 
Endrin Aldehyde 
Endrin Ketone 
Gamma Chlordane 
Gamma BHC (lindane) 
Heptachlor 
Heptachlor epoxide 
Mcthoxychlor 

Metals 
Aluminium 
Copper 
Selenium 
Thallium 
Tin 

I 
RfDo RfDa RfDi CSFo CSFa CSFi 



Constituent 

f TOXICITY VALUES FOR SOIL GVS . I 1 
- - -- 

RfD (mgkglday) c ~ F < k ~ - d a ~ / m g )  I 
Oral Adjusted Inhalation Oral Adjusted Inhalation 

1 

1 
RfDo RfDa RfDi CSFo CSFa CSFI 

I 

Radionuclides 
I 

I External 
Americium-24 I N A NA NA 3.28E-10 3.858-08 4.598-09 
Bismuth-2 10 NA NA N A 7.29E-12 5 .12~-11 0.00E+00 
Radium-228+D NA NA NA 4.79E-I 0 9.78E-08 9.48846 
Strontium-85 NA NA NA 1.40E-12 I. l4E-12 1.548-06 
Slronlium-90 NA N A NA 4.09E-11 5.94E-11 0.00E+00 
Thorium-227 N A NA N A 4.04E-11 4 . 3 i ~ - 0 9  1.70E-07 
Thorium-228 +D N A N A N A 2.3 1E-10 9.68E-08 6.208-06 
Thorium-230 *** NA NA NA 1.34E-09 2.38E-08 6.74E-06 
Thorium-232 +D N A N A NA 5.12E-10 1 . 1 1 ~ 6 7  9.48166 
Uranium-238 +D N A NA NA 1.43E-09 5.08E-08 7.01E-06 

I 

Not calculated for GVs because under review 



Soil Guideline Values for Construction Worker at DOE Mound 

Constituent 

I CANCER EFFECTS 1 
Route-Specific RRSs (@kg) Cancer 

Ingestion Inhalation Effects PRG 
G V  - .  

mg/kg (RRSo)c (RRSi)c RRSc 
1'Alls 
Dibenzo(a,h)anthracene 4.IE-01 4.IE-01 3.3E+03 4.1E-01 
Fluorene 8.5E1.02 NC NC NC 

Pesticides 
Ndrin 
Alpha Chlordane 
Delta-BHC 
Endosulfan I 
Endosulfan ll 
Endosulfan Sulfate 
Endrin Aldehyde 
Endrin Ketone 
Gamma Chlordane 
Gamma 13tIC (lindane) 
I-leptachlor 
Ileptachlor epoxide 
Methoxychlor 

Metals - 
Nuniinium 
Copper 
Selenium 
Thallium 
'Tin 

I 

I NON-CANCER EFFECTS, I 
i Route-Specific RRSs (mg/kg) No:-Cancer 1/10 1.11 

Ingestion Inhalation Effects PRG 

mglkg 
N A 
NC 
RRS 

All detected chromium is conservatively assumed to be chromium VI. 
Milligram per kilogram. 
Not available; insuflicient toxicity data. 
Not a suspected carcinogen. 
Risk Reduction Standard for soil (mg/kg). 



Soil Guideline Values for Site Employee at DOE Mound 

Constituent 

I CANCER EFFECTS I I NON-CANCER EFFECTS 1 I 

Route-Specific RRSs (mgkg) Cancer Route-Specific RRSs (mgkg) Non-Cancer 1/10 M 
GV Ingestion Inhalation Effects PRG Ingestion Inhalation Effeck I'RG 1 

Pesticides (meikg) 
Aldrin 
Alpha Chlordane 
Delta-BHC 
Endosulfan l 
Endosulfan Il 
Endosulfan Sulfate 
Endrin Aldehyde 
Endrin Ketone 
Gamma Chlordane 
Gamma BIIC (lindanc) 
llcptachlor 
ffcptachlor epoxide 
Mcthoxychlor 

hletals (melkg) . 
Aluminium 

copper 
Selenium 
Thallium 
Tin 

RRSnc 

Volatile Oreanir. Com~ounds.(melk& ! 
1,2,4-Trichlorobenzene 2.OE+03 NA NA NA 2.OE+04 1.2E+09 2.OE+04 2 . 0 ~ 4 3  
2-Chlorophenol I.OE+03 NA N A N A 1.OE+04 l.lE+08 1.OE+04 I .OE4?3 

mgkg 
NA 
NC 
RRS 

All detected chromium is conservatively assumed to be chromium VI. 
Milligram per kilogram. 
Not available; insulticicnt toxicity data. 
Not a suspected carcinogen. 
Risk Reduction Standard for soil (mg/kg) 



Site Employee Variables defined in table 5.1.3 p i10 RBGV Report 3/97 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 
Slope Factors from HEAST Table 4 ...................................... 2&23-*$D ;x&; R. 

...... For: __._A_ ..... . . . . .  ...... ...___. <-<: ~ s k  Calculations: Soil Inhalation, Soil Ingestion, External Exposure, ...................................... 
U-238+D Target Risk 1.00E-06 

Slope Factors 
Oral Cancer Slope factor risWpCi 
Inhalation Cancer slope factor risWpCi 
External Cancer Slope Factor risklyrlpCilg 

RBGV=TRl[(EDl*EF*Sfo'CFl*lrsoil) + (Sfi*CF2*1Rair*(l/PEF)] + (EDZ0Sfe'(l-Se)*Te) 

TR= 1.00E-06 
ED1= 25 yrs 
EF= 250 dayslyr 
CF1= 0.001 glmg 
IR soil= 50 rnglday 
CF2= 1000 glkg 
IR air= 20 m3lday 
PEF= 4.28E+09 rn3lkg 
ED2= 17.125 yrs 25 yrs*(250dayslyrl365daylyr) 
Se= 0.2 
Te= 0.08 1/12 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3/97 
For: Risk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 
U-238+D Target Risk 

Slope Factors 
Oral Cancer Slope factor risWpCi 
Inhalation Cancer slope factor risWpCi 
External Cancer Slope Factor risWyrlpCilg 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glrng 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

3.425 yrs 5 yrs'(250dayslyr1365daylyr) 
0.1 

0.33 1/3= 8 hrsl24hrs 



Site Employee Variables defined in table 5.1.3 p i10 RBGV Report 3197 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 
Slope Factors from HEAST Table 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
For: ii$&Tfi~~{ff@I~i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Risk Calculations: Soil Inhalation, Soil Ingestion. External Exposure, 
Th-228+D Target Risk 1.00E-06 

Slope Fac 
Oral Cancer Slope factor risWpCi 
Inhalation Cancer slope factor risk/pCi 
External Cancer Slope Factor risWyrlpCilg 

TR= 1.00E-06 . -~  -. - -. - A -. - - - -- - - - pp - - - -- -. - 
ED1= 25 yrs 

250 dayslyr 
0.001 glmg 

50 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

17.125 yrs 25 yrs'(250dayslyrl365daylyr) 
0.2 

0.08 1112 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3197 

For: Risk Calculations: Soil Inhalation. Soil Ingestion, External Exposure, 
Th-228+D 1.00E-06 

Slooe Factors 
2.3'fE-IO Oral Cancer Slope factor r~sk/pC~ 

tJB lnhalat~on Cancer slope factor rlsWpC~ 
H3E-06 External Cancer Slope Factor r1skIyrlpC11g 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glmg 

480 mglday 
1000 glkg 

20 m31day 
4.28E+09 m3lkg 

3.425 yrs 5 yrs'(250dayslyrl365daylyr) 
0.1 



Site Employee Variables defined in table 5.1.3 p i10 RBGV Report 3/97 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 
Slope Factors from HEAST Table 4 ..................................... 
For: CsB%r:Risk :.- ..................... >A>.-.-.> : Calculations: Soil Inhalation, Soil Ingestion, External Exposure, .................................... 
Ra-228+D Target Risk 1.00E-06 

Oral Cancer Slope factor risk/pCi 
Inhalation Cancer slope factor risk/pCi 
External Cancer Slope Factor risklyrlpcilg 

RBGV=TR/[(EDl'EF'Sfo'CF l'lrsoil) + (Sfi'CFZ'IRair'(lIPEF)] + (ED2*Sfe'(l-Se)'Te) __ -- - -- 

1.00E-06 
25 yrs 

250 daystyr 
0.001 glmg 

50 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

17.125 yrs 25 yrs'(250daystyrl365daytyr) 
0.2 

0.08 1/12 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3/97 
For: R~sk Calculations So11 Inhalat~on, So11 Ingest~on, External Exposure, @ Ra-228+D 1 00E-06 

Oral Cancer Slope factor risk/pCi 
Inhalation Cancer slope factor risk/pCi 
External Cancer Slope Factor risk/yrlpCi/g 

1.00E-06 
5 yrs 

250 daystyr 
0.001 glmg 

480 mglday 
1000 g/kg 

20 m3Iday 
4.28E+09 m31kg 

3.425 yrs 5 yrs'(250daystyrl365day/yr) 
0.1 

0.33 1/3= 8 hrsR4hrs 



Site Employee Variables defined in table 5.1.3 p i10 RBGV Report 3/97 

a Equations listed in Table 5.1.3 p 109 RBGV Report 3197 

................................ Slope Factors from HEAST Table 4 
For: :$@is.F@J:Risk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, ............................. 
Th-232+D Target Risk 1 .DOE-06 

Slope Factors ................................. :,; T"'."". 
i&:542E-S0-.0ral .: .......... < .-... < ............ b ..... Cancer Slope factor risWpCi ................................. .... ....... Inhalation Cancer slope factor risklpci .<>......A....... z: .............. >. :.. ................................ 
'sJg:4$E&:: External Cancer Slope Factor risk/yr/pCi/g . ,A.A>..--~~- -.-. . ................................. 

- ! . 0 0 E - *  . . - -  - _ ~ -- - _ -  - - -. 
25 yrs 

250 dayslyr 
0.001 glmg 

50 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

17.125 yrs 25 yrs'(250dayslyrl365daylyr) 
0.2 

0.08 1112 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3/97 .................. 
?FI-%2CB"j; Risk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, For: .I:.. ................ ..................... 

Th-232+D Target Risk 1 .DOE-06 

Slope Factors 
ral Cancer Slope factor risWpCi 
halation Cancer slope factor risWpCi 
ernal Cancer Slope Factor risWyrlpCi1g 

1 .ODE-06 
5 yrs 

250 dayslyr 
0.001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

3.425 yrs 5 yrs'(250dayslyrl365daylyr) 
0.1 

0.33 113= 8 hrsl24hrs 



Site Employee Variables defined in  table 5.1.3 p1lO RBGV Report 3197 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 

...................................... Slope Factors from HEAST Table 4 

For: i.-$s@$xfEDj2iRi~k Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 
.................................... , 

Pb-2lO+D Target Risk 1 .WE46 

Slope Factors .................................... . .<>. . y,yI.; -"' .P...".. 
.% ..%,., .... ::> 

..... ..r-s.><xc :_‘.<- xl':6jf .... .....-._..A 99liOral "._. Cancer Slope factor risWpCi ..................................... ____ _ ._ *._\. ................. i,xy~~3;~@~~~jlnhalation ........ +..~ ........ Cancer slope factor risWpCi ...................................... 
.->>?~-.-... ....... 
.... ............ ........... ....... x.......x.x .: f ~dsfYf@ External Cancer Slope Factor risk/yr/pCi/g 
.....A....>>.. A v: ....>. ....... :: ..... d. ..................................... 

250 dayslyr 
0.001 glmg 

50 mglday 
1000 glkg 

20 mYday 
4.28E+09 m31kg 

17.125 yrs 25 yrs'(250days/yr/365day/yr) 
0.2 

0.08 1112 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3/97 
For: isk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 
Pb-21O+D 1.00E-06 

I Cancer Slope factor risWpCi 
alation Cancer slope factor risWpCi 
ernal Cancer Slope Factor risWyrlpCilg 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glmg 

480 mglday 
1000 glkg 

20 mYday 
4.28E+09 m3lkg 

3.425 yrs 5 yrs'(250dayslyr/365day/yr) 
0.1 

0.33 113= 8 hrsl24hrs 



Site Employee Variables defined in  table 5.1.3 p l l O  RBGV Report 3/97 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 

.................................... Slope Factors from HEAST Table 4 

For: '$$$jrm<wF Risk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, .... ...A--......... **?a: .................................... 
Pu-238 Target Risk 1.00E-06 

Slope Factors ................................... 
' ~ ~ ~ $ ~ i ~ @ O r a l  Cancer Slope factor risWpCi ....... .%..A<+,K..2 - A. h*..": ..................................... 

Inhalation Cancer slope factor risk/pCi 
. .z;:<<<s; ,\..% ......... .,..... ..................................... ....... ....................... ..*~ ............... ....... :~,i;2~~2i;j~j90fjj~j~:i External Cancer Slope Factor riskl~rlpCi1g ..................................... 

1.00E-06 
- - -  - -  ~ -- 

25 yrs 
250 dayslyr 

0.001 glmg 
50 rnglday 

1000 glkg 
20 m3lday 

4.28€+09 rn3lkg 
17.125 yrs 25 yrs'(250days/yr/365day/yr) 

0.2 
0.08 1/12 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV Report 3/97 
For: Risk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 

Pu-238 1.00E-06 

Slope Fa 
Oral Cancer Slope factor risWpCi 
Inhalation Cancer slope factor risWpCi 

External Cancer Slope Factor risWyrlpCilg 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glmg 

480 rnglday 
1000 glkg 

20 rn31day 
4.28E+09 rn3lkg 

3.425 yrs 5 yrs'(250dayslyrl365daylyr) 
0.1 

0.33 1/3= 8 hrs124hrs 



Site Employee Variables defined in table 5.1.3 p i10 RBGV Report 3197 
Equations listed in Table 5.1.3 p 109 RBGV Report 3/97 
Slope Factors from HEAST Table 4 
For: isk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 
K40  Target Risk 1.00E-06 

Slope Factors .......................................... 
:-.=:7?" - ...................... ............ .\.... . ,s,-,,.-i&?5-Eg$si Oral Cancer Slope factor risklpCi ........................................... . - - ................ :: iRs$PzIP46Ef2! Inhalation Cancer slope factor risk/pCi 
:Ay+:<<h.A~k<~..* .--.>- 7 . ~  .-..: ........................................... 
:>.> .> ..-: .>>> x. .. m5".Tj5E&7; ..=> 
iz*;z + "  l xternal Cancer Slope Factor risklyrIpCilg ---- 

.... ._25 Yrs .... 

250 dayslyr 
0.001 glmg 

50 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

17.125 yrs 
0.2 

0.08 111 2 

Construction Worker Varibles from Table 4.1.3 pg 93, and Equations from Table 4.1.3 page 92 RBGV 
Report 319 
For: isk Calculations: Soil Inhalation, Soil Ingestion, External Exposure, 
K40  1.00E-06 

ral Cancer Slope factor risWpCi 
halation Cancer slope factor risWpCi 
xternal Cancer Slope Factor risklyrlpCilg 

1.00E-06 
5 yrs 

250 dayslyr 
0.001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3/kg 

3.425 yrs 5 yrs'(250dayslyrl365daylyr) 
0.1 

0.33 1/3= 8 hrsR4hrs 



Site Employee Variables defined in table 5.1.2 p1108 
Equations 5.1.2 p 107 RBGV Report 3197 
Slope Factors from HEAST Table 4 ........................................ 

I Q 3 % + ? y C ~ ~ r n ? . " ; i  ............. 
For: ..... ............. .......... <:;:a:z<: ............. .: ...V.-%....-......,. ~.~%<<.%%\>: ......................................... 
Freon Target Hazard Index 1.00E+00 

Slope Fac 
ral Reference Dose 

nhalation Reference Dose 

1..00E+o0 . - -- - ----- -- 

7.00E+01 kg 
250 dayslyr 

0.000001 glmg 
50 mglday 

1000 glkg 
20 m3lday 

4.28E+09 rn3lkg 

Construction Worker Variables from Table 4.1.2 pg 91, and Equations from Table 4.1.2 page 90 RBGV 
Report 31 
For: 

Freon Target Hazard Index 1 00E+00 

Slope Factors 

a ral Reference Dose 
nhalation Reference Dose 

THI= 1.00E+00 
BW= 7.00E+01 kg 
EF= 250 dayslyr 
CF1= 0.000001 glmg 
IR soil= 480 mglday 



Site Employee Variables defined in table 5.1.2 pi108 
 vatio ion* 51.2 p 107 RBGV Report 3197 

.......................................... . ~. . \>..%. .. -" .*.>- ..>. .. -*--. . 
For: ,$$pr!pr!ct!!.a-&.~dne ........................................... 
1,2,4-trichldarget Hazard Index 

RfDs 
ral Reference Dose iris 
halation Reference Dose heast 

-1 .ooE+f)O--~.- . -  - -  -- 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 
. . 50 mglday 

1000 glkg 
20 m3lday 

4.28E+09 m3lkg 

Construction Worker Variables from Table 4.1.2 pg 91, and Equations from Table 4.1.2 page 90 RBGV 
Report 3/97 
For: rktrichlarabwene --" -- ---- 
1,2,4-trichldarget Hazard Index 

ral Reference Dose 
halation Reference Dose 

1.00E+00 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 



Site Employee Variables defined in  table 5.1.2 p1108 
Equations 5.1.2 p 107 RBGV Report 3/97 

For: 
2-chlorophTarget Hazard Index 

RfDs 
ral Reference Dose iris 
halation Reference Dose 

1.00E+00 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

50 mglday 
1000 glkg 

20 m31day 
4.28E+09 m3lkg 

Construction Worker Variables from Table 4.1.2 pg 91, and Equations from Table 4.1.2 page 90 RBGV 

1.00E+00 

RfDs 
ral Reference Dose 
halation Reference Dose 

1.00E+00 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 



Site Employee Variables defined in table 5.1.1 pi05 
Equations 5.1 .I p 104 RBGV Report 3/97 

For: dib@%(a;fi)anthracene 
d ibenz(a,h~ar~et  Hazard Index 1.00E+00 

CSF 
7,30E+̂ O'o Oral Reference Dose r 
3.10~+& Inhalation Reference Dose r 

TCR= 1.00E-06 
BW= 7.00E+01 kg 
EF= 250 dayslyr 
CF1= 0.000001 glmg 
IR soil= 50 mglday 
CF2= 1000 glkg 
IR air= 20 m3lday 
PEF= 4.28E+09 m3lkg 
AT= 7,00E+Ol yr 
ED= 25 yr 
IRBGV= 7.84E-011 
Construction Worker Variables from Table 4.1.1 pg 88-89, and Equations from Table 4.1.1 page 
87 RBGV Report 3/97 
For: dibek(6,o)anthracene 

-A- *--A- 

dibenz(a,h Target Hazard Index 1.00E+00 

CSF 
ral Reference Dose 

nhalat~on Reference Dose 

TCR 1.00E-06 
BW= 7.00E+Ol kg 
EF= 250 dayslyr 
CF1= 0.000001 glmg 
IR soil= 480 mglday 
CF2= 1000 glkg 
IR air= 20 m3lday 
PEF= 4.28E+09 m3lkg 
AT= 7.00E+01 yr 
ED= 5 Yr 

IRBGV= 4.08E-011 



Site Employee Variables defined in table 5.1.1 pi05 
Equations 5.1.1 p 104 RBGV Report 3197 

For: , Iridek31<',2,3-cd) -"=A pyre ne 
indeno(1,2 Target Hazard Index 1.00E+00 

CSF 
7.50Egl3l Oral Reference Dose r 

' ~.?QE+PQ Inhalation Reference Dose r 

1.00E-06 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

50 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 
7.00E+01 yr 

Construction Worker Variables from Table 4.1.1 pg 88-89, and Equations from Table 4.1.1 page 
87 RBGV Report 3/97 
For: inde&o(l,2,3-cd)pyrene -A-AMF - @ indeno(l,2 Target Hazard Index 1.00E+00 

CSF 
7.30E+00 Oral Reference Dose 
3.10~209'Inhalation Reference Dose 

TCR 
BW= 
EF= 
CFI = 
IR soil= 
CF2= 
IR air= 
PEF= 
AT= 
ED= 
(RBGV= 

1.00E-06 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28€+09 m3lkg 
7.00E+01 yr 

5 Yr 
4.08E-0il 



Site Employee Variables defined in table 5.1.2 pi108 
~ ~ u a t i o n s  5:1.2 p 107 RBGV Report 3197 

fluorene Target Hazard Index 1.00E+00 

RfDs 
Oral Reference Dose iris 
lnhalat~on Reference Dose 

1.00E+00 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

50 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 

Construction Worker Variables from Table 4.1.2 pg 91, and Equations from Table 4.1.2 page 90 
RBGV Re 
For: 
fluorene Target Hazard lndex 

RfDs 
Oral Reference Dose 
lnhalat~on Reference Dose 

1.00E+00 
7.00E+01 kg 

250 dayslyr 
0.000001 glmg 

480 mglday 
1000 glkg 

20 m3lday 
4.28E+09 m3lkg 



The following equations acre used to calculate ncw groundwater guidclinc values in accordance with the mcthodologv presented in Risk Barcd Guideline 
Values, hlound Plant, March 1997a. 

The equations are generally the same for construction worker and site employee scenarios. Input parameters differ. The construction worker includes ingestion and 
shower exposure while the site employee only includes groundwater ingestion. 

Water Cancer Risk Based Guideline Values (RBGV) are calculated by the following equation for 
Chemicals- Nonradiological 

RBGViest ion (mg/L)= TCR'AT'BW 
IRwmEF'ED'CSFo 

-- Where-. - ~ - - - . - - - -- - . 

RBGVinhalation (mgR)= TCR'BW'AT 
K'IRau'EF'ET'ED'(1124)'CSFi 

RBGVdennal (mg/L) TCR'BW'AT 
Organics= 2'Kp'EF'EV'O.OOI '(CSFa)'SSAa'ED'(6'T'teven1)/3.1412)'" 

RBGVdennal (mg/L) TCR'BW'AT 
Inorganics= Kp'EF'EV'0.001 'I event'(CSFa)'SSAa'ED 



Water Xon-Cancer Risk Based Guideline Values (RBCV) are calculated by the following equation 
for Konmdiological Chemicals. 

1 
RBGVTotal (mgn)= I /RBGVicst lon + I/RBGVinhalation + VRBGVdc-I 

RBGVinhalation (m@)= THI'BW'AT 
K-IRau-EF-ET-ED.(I /24Y(1 RfDi) 

RBGVdemal (m&) THI'BW'AT 
Organics= Z'Kp'EF'EV'0.001 '(IRfDa)'SSAa'ED'(6'T'tcvcnt)/3 141 2)ln 

RBGVdemal (m&) THI'BW'AT 
Inorganics= Kp'EF'EV'0.001'1 cvcnt'(l R(DaYSSAa.ED 



Water Cancer Risk Based Guideline Values (RBGV) are calculated bv the followinpr equation for - .  
Radiolnuclides 

RBGVrngcstion @Ci)= TCR 
IRw'EF'ED'CSFo 

Where. 

For tritium dermal and inhalation pathways are also evaluated for water and total tritium is calculated as follow 

RBGVingestion same as above for all radionuclides 

RBGV tritium inhalation TCR 
(pCfi)= IRa'EF'ED'ETs'CFI 'CFt'M'CSFi 

RBGVdermal (pCimgn) TCR 
tritium= Kp'EF'I OOO'ETs'(CSFa)'SSA'ED 



Constituent Oral Adjusted Inhalation Oral Adjusted Inhalation' 
I 

Organics RID0 RfDa RfDi CSFo CSFa CSFi 
I 

1.1,1,2-Tetrachloroethane 3.OE-02 3.00E-02 3.OE-02 2.6E-02 2.60E-02 2.613-02 ' 

1,1,2,2-Tetrachloroethanc 6.OE-02 6.00E-02 6.01:-02 2.OE-01 2.00E-01 2.OE-01 1 
I, I, l -Trichloroethane 3.5E-02 3.50502 2.9E-01 N A N A NA I 
I. 1.2-Trichloro-1,2,2trifluoroethane 3.00E+OI 3.00E+OI 8.57E+00 N A N A 
cis-1.2-Dichloroethylene I .OE-02 1.00E-02 2.3E-01 --- --- 

Inorganics 
Aluminum 
Boron 
Chromium (VI) 
Cobalt 
Copper 
Molybdenum 
Selenium 
Thallium and compounds (as thallium 
Tin 

Radionuclides 
Americium-24 1 
Bismuth-2 10 
Radium-228+D 
Strontium-85 
Strontium-90 
Thorium-227 
Thorium-228 +D 
Thorium-230 *** 
Thorium-232 +D 
Uranium-238 +D 

Not calculated for GVs because under review 

External 
4.596-09 
0.00E+00 
9.48E-06 
1.54E-06 

0.00E+00 
1.70E-07 
6.20E-06 
6.74E-06 
9.488-06 
7.0 I E-06 



Groundwater Guideline Values lo r  Construction Worker at  DOE Mound 
I 
I 

1 

I CANCER EFFECTS I I NON-CANCEREFFECTS 1 
Route-Specific RRSs (mglL) Cancer Route-Specific RRSs (mglL)   on-cancer Non-Cancer 

Constituent GV Oral Dermal Inhalation Wetght Of OW OV Oral ~c-1 Malation OW GVS 1/10 OW OVS 
Evidence (TRC-06) m d L  mp/L 

(RRSo)c (RRSd)c (RRSi)c RRSc (RRSojnc (RRSdjnc (RRSijnc I 

Inorganics (mg/L) 
Aluminum 
Boron 
Chromium (VI) 
Cobalt 
Copper 
Molybdenum 
Selenium 
Thallium and compounds (as thallium 
Tin 

Organics (m&) 
1 . I  . I  .2-Tetrachlorocthane 5.1 E-02 5.58-02 --- 7.9E-01 C 5. I E-02 

I 
3. I EM0 --- 4.4E-101 2.9E+00 2.9E-01 

I . I  .2.2-Telrachloroc~hane 3.OE-03 7.28-03 5.3E-03 I .OE-01 D 3.OE-03 6.IEtOO 4.SEtOO 8.8E+OI 2.5E-(PO 2.51:-01 
I .I .I -Trichlorocthane 1 .BE-01 N A NA NA D N A 3.6EM0 3.6EM0 4.3E+02 1 . B E T  . 1.8E-01 
1 . I  .2-Trichloro-1.2.2trifluoroclhanc 2.SEM2 NA NA NA N A 3.1 EM3 --- 1.3EM4 2.58-W3 2.5Ei02 
cis-l .2-Dichloroethylenc I .OE-01 --- -.- --- D --- I .OE+00 --- --- I .OE-;PO 1 .OE-01 

Radionuclides (PC 
Americium-241 
Bismuth-21 0 
Radium-228+D 
Strontium-85 
Strontium-90 
Thorium-227 
Thorium-228+D 
Thorium-23WD 
Thorium-232+D 
Uranium-238+D 

m& 
N A 
RRS 

milligrams/kilograms 
Not applicable 
Risk Reduction Standard 



Groundwater Guideline Values Tor Site Employee a t  DOE Mound I 

Organics (mg. L) 
1,1,1,2-Tetrachloroethane 

I CANCER EFFECTS I NON-CANCER EKFECTS I 
Route-Specific RRSs ( m g k )  Cancer Routc-Spccific RRSs (mg/l!) Non-Cancer 1/10 

C V  Oral Dermal Inhalation Weight Of G W  GV Oral Dermal Inhalation W RRE GV I.II 
Evidence (TRC-06) i m g k  m d -  

1,1,2,2-Tetrachloroethane 1.4E-03 1.4E-03 NA NA D 1.4E-03 6.1Ec00 NA NA 6. Ili+ 00 6.113-01 
I, I, I-Trichloroethane 3.6E-01 N A  N A  N A  D N A  3.6Et00 N A  N A  3.61:+00 3.613-01 
1,1,2-Trichloro- 1,2,2triIluoroethane 3. I E+O2 NA NA NA N A  3.IE+03 NA NA 3.IE103 3.IE+O2 
cis- l,2-Dichloroethylene 1.OE-01 --- NA NA D --- I.OE+OO NA N,A I.OE+OO 1.OE-01 

Inorganics (mglL) 
Aluminum I .OE+Ol --- NA NA NA --- 1.OE+O2 NA 

I 
NA 1.OE+02 I.OE+Ol 

Boron 9.2E-01 --- N A  NA NA --- 9.2E+00 NA NA 9.2E.100 9.21:-01 
, Chromium (VI) 3. I E-02 --- NA NA A --- 3.1E-01 NA A 3.1 E-01 3.1 IJ-02 
Cobalt 6.IE-01 --- NA NA NA --- 6.1EtOO NA N P  6.1 E.600 6.1l~-Ol 
Copper 4.1E-01 --- NA NA D --- 4.1E+OO NA NA 4.1E.I.00 4.11:-01 
Molybdenum 5. IE-02 --- NA N A  NA --- 5.IE-01 NA N P  5.IE-01 5.1E-02 
Selenium 5. IE-02 --- NA NA D --- 5.1E-01 NA NA 5.1E-01 5.1E-02 
Thallium and compounds (as thallium chlorid 8.2E-04 --- NA NA NA --- 8.2E-03 NA ~ ! 4  8.215-03 8.21;-04 
Tin 6. IE+00 --- NA NA NA --- 6.1E+01 NA NA 6.1E+01 6.1E+OO 

Radionuclides (pCi1L) 
Americium-24 I 4.9E-01 4.9E-01 NA N A 4.9E-01 NA NA NA NA 

I 
Bismuth-2 10 2.2E+O1 2.2E+Ol NA NA 2.2E+Ol N A NA N) NA 
Radium-228+D 3.3E-01 3.3E-01 NA N A 3.3E-01 N A NA NA N A 
Strontium-85 1. IE+O2 1.1E+O2 NA NA 1.1E+O2 N A N A NL NA 
Strontium-90 3.9E+00 3.9E+00 NA N A 3.9E+00 N A  N A  NX NA 
Thorium-227 4.OEt00 4.OE+00 NA NA 4.OE+00 N A NA N$ NA 
Thorium-228 +D 6.9E-01 6.9E-01 NA N A 6.9E-01 N A N A 

N^ NA 
Thorium-23O+D 1.2E-01 1.2E-01 N A  NA 1.2E-01 N A  N A N* NA 
Thorium-232 +D 3.IE-01 3.1E-01 NA NA 3.IE-01 N A  N A NA N A 
Uranium-238 +D 1.lE-01 l.lE-01 NA N A l.lE-01 N A N A  NA N A  

mgikg milligrams/kilograms 
NA Not applicable 

I I 
RRS Risk-Reduction Standard I 



Appendix D 

Parcel 4 Database (Provided on CD provided with this report) 



CLP Laboratory Data Qualifiers and their Used in the RRE 
Inorganic chemical Data Definition Included in RRE? 

B Reported value is CCRDL~, Yes 
but >IDL~. 
Compound was analyzed for Yes, 112 SQLc 
but not detected. 
Value is estimated due to Yes 
matrix interference. 
Spiked sample not within Yes 
control limits. 

d ..Value is-an-estimated-quantity.---- -yes- -- 

Quality control indicates that No 
data is unusable. 

Organic Chemical Data Definition Included in RRE? 
U Compound was analyzed for Yes, 112 SQLC 

but not detected. 
J Value is estimated, spectral yesd 

identification criteria are met 
but the value is cCRDL. 

B Analyte found in associated Y ese 
blank as well as in sample. 

E Concentration exceeds Yes 
calibration range of GC/MS~ 
instrument. 

D Compound identified in an Yes 
analysis at a secondary 
dilution factor . . 

a. CRDL means contract required detection limits 
b. IDL means instrument detection limits 
c. "U" qualified data, result was recorded as 112 the detection limit. 
d. "J" qualified data with results less than the detection limit, recorded as 

112 the detction limit. 
e. "B" qualified organic results. If blank sample contained a common lab 

contaminant, result considered positive only if concentration exceeded 10x 
the amount detected in the blank. If blank sample contained a constituent 
that is not a common lab contaminant, result considered positive only 
if concentration exceeded 5X the amount detected in the blank. 



Dave, 
As requested, we are forward'hg what I've been able to document fiom our comments on the Parcel 
4 RRE. As noted on the attached, the comments represent only those that were derived fiom the 
text section of the RRE. The comments on the tables and appendices are work in progress. I'm 
hoping to have them completed by ~ o n d a ~ .  I'll start on documenting Proposed Plan comments for 
Parcel 4 after the RRE comments have'been completed. 
If you have any questions, my telephone number is 937-285-6066 



From : "Jane Odell" cjane.odell@epa.state.oh.,us> 

g:le: 
MNDCONT.MNDPO(RAKEDA) ,MNDCONT.S~P(~~hallie. j .seraz.. . 
12/1/00 12:40pm 

Subject: PARTIAL COMMENTS ON PARCEL 4 RRE 

Dave, 
As requested, we are forwarding what I've been able to document from.our comen 
If you have any questions, my telephone number is 937--285-6066 

- CC llBr-i i-&-e-l-ll- - .- - -- cBrian.Nickel@epa.state.oh.us>, "La ... 



a General Comments 

1. The Parcel 415 Boundary results provided to Ohio EPA in the form of Soil Analysis Reports 
(SAR) do not match the ~ a r c e i  415 Boundary results presented in the data set used this 
Residual Risk Evaluation (RRE). Please indicate the reason for the discrepancy and the 
resulting action. 

2. The data set representing Parcel 4 sent to Ohio EPA by Bob Hocks on November 17 has 
2,020 blank entries and three "0" entries in the detection limit column. The data set provided 

-- A~ -.- 
with this RRE-hZ3;8K8-b1ank entries and 2,023 "0" entries in the detection limit column. 
Please reconcile this difference. 

3. For any occurrence of the term "target risk range", please discontinue the use of the word 
"target" and replace it with the word "acceptable" 

4. There is a discrepancy between the number of years that the data set encompasses. This 
discrepancy first appears in the'Executive Summary on page ix. The first paragraph on this 
page indicates the data spans 16 years, but the second paragraph mentions 12 years. Please 
determine the correct amount of time and use one value throughout the document. 

Specific Comments 

1. Table of Contents - Please ensure the page numbering in the next version to ensure sections 
can be found on the page numbers listed. 

2. List of Tables - The table name in this listing should match the table in the body of the 
document. 

3. Acronvms and Abbreviations - Remove the word "and fiom the HEAST acronym. 

4. Executive Summary - 
Introduce the intended land use (Industrial) within the first paragraph to account for use of 
the construction worker and site employee scenarios. 

In the third paragraph on page v, define the acronym "M&O. Remove the last sentence, 
pertaining to Release Block H, in the third paragraph. 

In the fourth paragraph on page v, third sentence, place the word "risk" after the term "non- 
cancer". 

4. Executive summary - continued 

On the first line of page vi, where the risk range of 10-4 to 10-6 is referenced, provide a 
description of what that means (increase in cancer risk of one human in ten thousand to one 
human in one million). 



In the third paragraph on page vi, third sentence, add the word "risk" after the word 
"cumulative". 

In the third paragraph on page vi, fourth sentence, remove the word "all". It is known that 
the results fiom the Safe Drinking Water Act testing are not included in the calculation of 
risk. 

In the first paragraph on page vii, fifth sentence, change the non-cancer incremental risk 
- - number from " 1T3 "-to" 114". 

In the third paragraph on page vii, sixth sentence, change the non-cancer background risk 
fiom "0.015" to "0.014". 

I n  the fourth paragraph on page vii, second sentence, add the word "worker" after 
"construction". 

In the second paragraph on page viii, last sentence, the "4.0 x 106" should be "4.0 x 10-6". 

In the third paragraph on page viii, second to the last sentence, the "9.9 x 10-7" should be 
"9.8 x 10-7". 

Within the Overall Summary of Risks table on page ix, account for the rounding problems 
that lead to discrepancies between the risk summary tables and within the table itself (Current 
Construction Worker HI values). 

Delete the last sentence in the first paragraph on page ix dealing with the expected 
incremental risk. 

In the second paragraph on page ix, second sentence, define "EPC. 

The discussion regarding uncertainties and the "conservative nature" of the ground water 
model needs to be summarized and balanced with the fact that the model is conservative by 
design due to the lack of characterization 

4. Executive Summary - continued 

In the second paragraph on page x, third sentence from the bottom, change "MIEMS" to 
"MEIMS7' 

In the last paragraph on page x, first sentence, change the "maximum detected" term to 95% 
Upper Control Limit (UCL). 

5. Page 1. Section 1 .O Introduction - 



In the second paragraph, fourth sentence, remove the word "gravel". 

Take out the word "may" within the first sentence of the third paragraph. 

6.  P n  - Reiterate the intended land use (Industrial) 
in this section. 

7. Page 4. Section 2.0 Data Compilation and Evaluation -. 

. -. -- - -- . - - - - - - - . . .  - -. - _  - -  _ 
Iii -the lzst- paiagraph, -la-t ZntenCe, -add tKe ~ ~ ' ' - m o r e  sensitive" in fiont of "alpha 
spectroscopy results". 

Provide the appropriate reference for the projects listed in the Parcel 4 Data Set Components 

Provide an explanation regarding the removal of the Miami-Erie Canal 1974 Plutonium Study 
fiom the data set components. 

Confirm the usage of the results fiom the sampling of the Canal Trailer Site. 

8. Pace 5, Section 2.2 Environmental Media Considered and Data Availability - In the first 
paragraph, second to the last sentence, add "bodies (i.e., ponds, streams)" after "surface 
water". Add the following text to end of the first paragraph in this section: 

However, some seeps are continuously present on Parcel 4. These seeps are defined 
as surface water for purposes of quantifjmg human health exposure. Due to the 
ephemeral nature of potential surface water exposures, USEPA has concluded in 
RAGS that "In general, use sediment monitoring data to estimate exposure 
concentrations. Sediment monitoring data can be expected to provide better temporal 
representativeness than surface water concentrations". Since RAGS suggests that risk 
fiom surface water can be approximated by risk fiom sediment, which is treated the 
same as soil, exposure to contaminants in seeps is accounted for within the direct soil 
exposure pathway. 

9. b g e  6, Section 2.3 Data Analysis - 

a 



In the first paragraph, first sentence, add " and current ground water" after "Parcel 4 soils". 
Remove the third sentence. Add a comma after "For future ground water" in the fourth 
sentence 

The seventh sentence in this first paragraph indicates that the distribution of the data set is 
determined prior to the calculation of the 95% UCL. Is this statement accurate? 

- 
In the second to the last line on page 6,  change the " x " to "mean". 

- - 
Page 7TSectiGZ~3-~XA~nalySi~~emdvethe last sentence of the first paragraph regarding 
ND or zero samples. The sentence is repeated in the second paragraph. 

Page 7, Section 2.4 Data screen in^ Process - Add text to this section to clarifjr what ' - 
constituents were retained fiom the first screening process and hence appear on the second 
table. 

Page 8. Section 2.4.1 Screening Constituents Based on Background - The statement 
regarding "negative risk" used in the second paragraph must be further defined for the reader 
or removed. 

Page 9.' Section 2.4.2 screen in^ Constituents Based on Guideline Values - 

In the first paragraph, third sentence from the bottom, remove the "+D fiom Actinium-227 
and add Cesium-137, Lead-210, Radium-226 and Thorium-227 and 228 to the list of 
daughter guideline values. 

In the second paragraph, first sentence, add the word "humanyy after the term " increase of 
one". 

Page 9. Section 2.4.3 Screening Constituents Based on Frequency of Detection - C l a m  this 
discussion by including the calculation is based on number of ~ositive detects divided by the 
number of samples taken. 

Page 10: Section 2.4.6 Screening procedures for Future Ground Water - In the second 
sentence from the last on the page, replace the term "maximum concentration" with "95% 
UCL". 

Page 1 1. Section 3.0 Exposure Assessment - Remove the reference to recreational and future 
residential use in the first sentence. 

Pane 11. Section 3.1 Characterization of Exposure Settins - 

In the second paragraph, first sentence, remove the word "gravel". 

In the second paragraph, third sentence, remove the term "but no continuously running 



surface water" and replace it with "and some continuously flowing seeps". 

In the last partial paragraph, first sentence, add PRS 419 to the PRS list. 

18. Page 12. Section 3.3 Identifiring Exposure Scenarios - Remove the word "the' from in front 
of "Parcel 4" in the first sentence. In the third sentence, change "soil" to "soiVsediment". 

19. Page 13. Section3.3.1 Construction Worker Scenario - 
~ 

- _  ~ .__ --- - 

Iii thFmi-ddlCofth-e first pkXgrap6 the reference used (EPA 1999) regarding the use of 
dermal default values appears to be incorrect. 

Provide a reference for the statement used in the fourth sentence from the end of the first 
paragraph regarding dermal toxicity data existence. 

Page 14. Section 3.3.2 Site Emulovee Scenario - Explain why dermal contact with soil is not 
an exposure pathway. 

Page 14, Section 3.4 Exposure Point Concentrations - Is the distribution of the data tested 
prior to the 95% UCL calculation. Change the "RME acronym in the last sentence on this 
page to "EPC". 

P a ~ e  17: Section 3.5.1 Soil Exposure Pathways - Place the "=" in the first complete equation 
on this page after "(pCi1g-yr). 

Pwe 18, Section 3.5.2 Ground Water Exposure Pathways -In the first full sentence from the 
bottom of the page, change "maximum detected to 95% UCL. 

Page 19, Section 3.5.2 Ground Water Exposure Pathways - In the second equation on the 
page, move the "ED" from the denominator to the numerator. 

Page 20, Section 3.5.2 Ground Water Exposure Pathwavs - In the first paragraph, the word 
permeability is spelled wrong. 

P W ~  24, Section 4.1 Toxicity Values for Evaluating the Dermal Pathway - Explain and clarify 
whether or not tox values are available for other COPCs for this site. Were PAHs the only 
COPCs addressed dermally? Why not metals, etc.. . 

Page 25. Section 5.0 Risk Characterization - In the second sentence on this page, add a 
comma after the term "In risk characterization". 

Page 26. Section 5.1.1 quantification of Carcinogenic Risk - In the equation on the middle 
of the page, change the word "RiskT" to "Riskt". 



a 29. Page 27, Section 5.1.2 Quantification of Non-carcinogenic Risk - In the equation on the page, 
change the term "i- 1" to "i=l ". 

30. Pag;e - In the third sentence, change the term 
"5.4 and 5.6" to "5.4 through 5.6". 

3 1. h g e  28, Section 5.2 Risk Characterization Results - 

Remove the first sentence on this page and provide an updated assessment on how ground 
water exposure was quantified. 

1n the third sentence on the page, change the table reference from "5.15" to "5.18". 

D e h e  the sigdicance of the 10-6 risk level. Explain that the point of departure is at the 10- 
6 risk level. 

32. Pme 28. Section 5.2.1 Construction Worker Risk Results - Under the Current Ground Water 

0 discussion, in the first sentence, change the table reference from "2.8" to "2.6". 

33. Page 29. Section 5.2.1 Construction Worker Risk Results - Under the Future Ground Water 
discussion, in the last sentence, remove the word "residual" after "Background and change 
the "8.6 X 10-6" to "9.3 X 10-5 ". 

34. Page 30. Section 5.2.2 Site Employee Risk Results - 

Under the Surface Soil discussion, the first full sentence on the page needs to be examined 
for accuracy. 

Under the Current Ground Water discussion, second sentence, change the word "soil" to 
"current ground water". Second to the last sentence, add uranium-234 and change the word 
"inhalation" to "ingestion". 

35. Page 32, Section 6.1 Uncertaintv in Analytical Data - 

First paragraph, delete the last sentence that reads "This is unlikely given the extent of 
sampling conducted. 

Second paragraph, second sentence. Explain why there is a potential bias to the EPC for a 
constituent. 



a.  36. Page 33. section 6.1 Uncertainty in Analytical Data - 

-. Delete the first sentence on this page dealing with processes conducted involving antimony. 

First paragraph, third sentence from the end of the paragraph, correct the spelling of 
MEIMS. In the last sentence in the first paragraph, delete "Despite this, " and start the 
sentence with "The maximum concentration...". Add to the end of this sentence ... due to 
95% UCL concentration value being greater than the maximum concentration value.\ 

A 

P;ftFthe ~econd-paragrap~GlUd~ta~l~whi~h compares the EPC, minlmax and associated 
risk estimates with and without the May 6, 1991 antimony data points. 

In the third paragraph, first sentence, reword as follows, "To estimate future risk in the BVA 
, the 95% UCL concentration in the production wells.. ." 

In the third paragraph, last full sentence on the page, delete the sentence and replace it with 
"The model does not take into account chemical and physical processes such as dilution, 
dispersion and adsorption which may reduce contaminant levels by the time it reaches the 
BVA". Delete the next sentence and replace it with "As a result of this me tho do lo^, the 
Future EPC concentration is biased high and conservative. Then add text regarding the lack 
of characterization to balance these statements. In addition, add "To reduce uncertainty, 
better characterization of ground water may be necessary". 

Add the following as the last paragraph'in this section: 
It was also agreed through the implementation of Mound 2000, source removal and 
the RREM that extensive characterization of the bedrock ground water was not 
needed due to the following: 1. A restriction on the use of the aquifer would be 
implemented; 2. The ground water yield from the bedrock is low (i.e. one gallon per 
minute); and 3. Characterization and remediation of a fractured bedrock is technically 
d icu l t  and costly. Contaminants in the bedrock may be higher or more wide spread 
than currently known due to. the limited characterization. It is important to recognize 
the uncertainties of the assumptions, but it .is also important to maintain the 
conservative nature of the assumptions due to the reasons described in the above text. 

37. Page 34. Section 6.2 Uncertaintv in Exposure Assessment - 

In the first paragraph, second sentence from the bottom, correct the spelling of "judgment". 

In the second paragraph, add to the second sentence, " in the near future". Add to the last 
sentence, "but appropriate because the production wells are located in a productive portion 
of the BVA and could be used in the future as a water resource". 

38. Page 36. Section 6.5 Conclusion - The conclusion should be based on risk estimates provided 
in the text and should not restate the uncertainties involve with the process. Conclusions 

a should summerize the risk estimates exceeding the 10-6 point of departure and risk drivers. 



The suggested wording for this section is as follows: The risk exceeds the acceptable risk 
range and is primarily driven by the conservative ground water analysis. Risk due to soil and 
air contaminants is within acceptable risk range for industriaVcomrnercial reuse. 



Can you begin our marathon RRE and PP comment session here at Ohio EPA at 9:30 on Monday, 
November 27? 

Also, AU newly calculated guideline values for SOIL in the Parcel 4 RRE need to be supported with 
data. We have the data for the ground water newly calculated guideline values in Appendix C. 
These soil values are footnoted in the soil tables as "f '. 

- -- _ __ - _ _ _ _ - - _  __ - - - - - - - 

Jane 

Jane 



From : 0 To: 
"Jane Odelln cjane.odell@epa.state.oh.us> 
MNDCONT . MNDPO ( RAKEDA) 

Date : 11/21/00 1l:llam 
Subject: Monday RRE and Proposed Plan Comment Session 

Dave, 

Can you begin our marathon RRE and PP comment session here at Ohio EPA at 9:30 

Also, All newly _c_lcula.t~e.d~guide1ine~values~for~SOIL-in-the-Parce1--4 -RRE-need-t 

Jane 

Jane 

CC : "Laurie Eggert" claurie.eggert@epa.state.oh.us> 



And another thing.. . . . . The background number used on Table 2.1 of the Parcel 4 RRE for U23 8 
is incorrect. The value Listed is 9 6  pCi/g the background level should be 1.2 p ~ i / g .  Also, it looks 
like the Th232 guideline values on Table 2 . 1  and 2.3 table need to be updated. 
Jane 



From : "Jane Odellw cjane.odell@epa.state.oh.us> 
To : MNDCONT . MNDPO ( m D A )  
Date : 11/20/00 2 : 59pm 
subject: Re: Soil Background Levels for ~esticides/~c~ -Reply 

And another thing. . . . . . The backgroAd number used on Table 2.1 of the Parcel 
Jane 

>>> David Rake1 cRAKEDA@doe-md.gov> 11/20/00 02:39PM >>> 
Jane, 

-- -- -- 

I see what you mean. I'm having a copy of the OU9 Soils Chemistry 
Report pulled from records. 

Dave 

>>> "Jane Odelln cjane.odell@epa.state.oh.us> 11/20/00 ll:40am >>> 
Dave, 
Table A-4 in the RREM lists background values for Pesticides/PCBs in 
mg/kg. However, Table V.2 on Page 5-14 of the OU9 Background Soil 
Investigation: Soil Chemistry Report Rev. 2 lists the same background 
values but the units are ug/kg. Based on the levels, the ug/kg units 
appear to be correct. This was one of our comments on the Most 
Commonly Used Guideline Value Document (August 15, 2000) In the 
Parcel 4 RRE tables representing soil, the values were used as mg/kg 
and further converted to ug/kg. We believe that the levels were already 
ug/kg as noted in Table V.2 and should not have been converted. Let me @ know what you f k d  out. 

Thanks, 
Jane 



Dave, 
Table A-4 in the RREM lists background values for Pesticides/PCBs in mg/kg. However, Table V.2 
on Page 5-14 of the OU9 Background Soil Investigation: Soil Chemistry Report Rev. 2 lists the 
same background values but the units are ugkg. Based on the levels, the ug/kg units appear to be 
correct. This was one of our comments on the Most Commonly Used Guideline Value Document 
(August 15,2000) In the Parcel 4 RRE tables representing soil, the values were used as mgkg and 
hrther converted to uglkg. We believe that the levels were alresldy uglkg as noted in Table V.2 and 
should not have been converted. Let me know what you find out. 

-- -- Thanks - -- - -. --- ~- - - - -. - .- - -  - .  -- - - -- - -- -- 

9 

Jane 



From: "Jane Odell~.cjane.odell@epa.state.oh.us> 
To : MNDCONT . MNDPO (RAKGDA) 
Date: 11/20/00 ll:4Oam 
Subject: Soil Background Levels for Pesticides/PCB 

Dave, 
Table A-4 in the RREM lists background values for Pesticides/PCBs in mg/kg. Ho 

Thanks, 
Jane 

CC : "Brian Nickel" cBrian.Nickel@epa.state.oh.us> 



General 
For clarification purposes, we suggest the following be placed in the NOTES sec 

The risk based guideline values do not represent or consider any risk fro 
soil leaching to ground water. 

Radionuclides labeled with a #D# indicate that some/all daughters are inc 
risk calculation. See the Mound Risk-Based Guideline Values, March 1997 
source for a list of included daughters. 

The definition of #NA# and @VE# used in the background column. For those 
- 

va-lues-such-as-Coba-lt6O~--that-d~~-n~~-ha~~1Ueco~uTed-d~-to~he la 
non-detects in the sample set, label and define these as NC. 

Radionuclides 
Indicate the reference source for Lead21O+D is the Technical Position Report in 
Block H. 

Provide the Ohio EPA with the data behind the calculation for the Protactinium2 
construction worker/employee scenario. This value has not been reviewed/verif 
EPA. 

Change the Thorium230 10-6 guideline value for the construction worker scenario 
calculated for the HH Building Action Memorandum. The Thorium230 site employee 
should be recalculated to reflect the daughters and current slope factor. 

The Uranium238 value(s) should reflect the Uranium daughters group paper with a 
the NOTES: section on when to use the value with daughters and when to use the 
daughters. 

Contaminant 
The Pesticides/PCBs background values are assumed to be in mg/kg in the Most Co 
Used Guideline Values tables. In the OU9 Background Soil Investigation: Soil C 
Report on page 5-14, the values are in ug/kg. Please reconcile. 

The value for Xylene in the HI, construction worker/employee column should be 4 
not 43,000 mg/kg.- 

The value for 4,4 DDT in the HI, construction worker/employee column should be 
not 100 mg/kg. 



From : "Jane Odelln cjane.odell@epa.state.oh.us> 
To : MNDCONT .MNDPO (RAKEDA, KRUEJW, HOCKRJ, GENEJC, ARTHKM) , . . . 
D a t e  : 8/15/00 10:48am 
S u b j e c t :  Ohio EPAs Comments on the Most Commonly Used Guideline Values 

Please find attached, Ohio EPAs comments on the Most Commonly Used Guideline Va 
Thanks, Jane O!Dell 

- 

CC : MNDCONT. SMTP ("Kathy. Foxaepa. state. oh .us", "Brian .Ni . . . 



Please find attached, Ohio EPAs comments on the Most Commonly Used Guideline Values for 
SoiVSediment dated June 2000.' If you have any questions regarding the comments, please email me 
or call me at 937-285-6066. 
Thanks, Jane O'Dell 



From : "Jane Odell" <jane.odell@epa.state.oh.us> 
To : MNDCO N T . M N D P O ( H O C K R J ) , M N D C O N T . S M T P ( " ~ ~ ~ ~ ~ ~ ~ ~ ~ @ ~ ~ - ~ . . .  
Date: 11/17/00 1:03pm 
Subject: RRE Teleconference Meeting Notes 

Please find enclosed a summary of the responses to the comment responses we dis 
Thanks, Jane 

-. . - - . - - - - - - -- - - . - - . - - - - - 
"Anthony Campbell" <Anthony.Campbell@epa.state.oh... 



Response to Ohio EPA Preliminary Comments on the Parcel 3 RRE Revision 4 

From: Hallie Serazin, SAIC 
Sent: Tuesday, November 07,2000 10:O 1 AM 
To: David Rakel, BWXT, Jane O'Dell, Ohio EPA 
Cc: Brian.Nickel@epa.state.oh.us; laurie.eggert@epa.state.oh.us; 

Robert.Rothnian @ohio.doe.gov 
Subject: Parcel 314 Ground Water Risk 

The following comments were received from Jane O'Dell on Tuesday. November 7'h and 
- - - - - - - . - - - responses-to-the-comments- were-discussed-during-a-conference call-held on ThursdayrNovember--- - - -- 

9'h. The following memo documents responses given to the initial set of comments as well as any 
supplemental comments received via e-mail since our discussion on November 9'. 

1. There are numerous comments from our review of Revision 3 of Parcel 3 RRE that have 
not been addressed. Specific Comments 2 ,4 ,5 ,7 ,8 ,  12, 13, 14 and 17 have not been 
addressed or an answer provided. A copy of the comments is attached. 

Of the 9 specific comments c:tlled oi~t  here. only colnrilents 8 and 12 were not addressed. Given 
the editorial nature of comments 8 and 12. these revisions called for by these comments are not 
likely to aftsect the o\'er~Il me;rning ofthe report. Each of the comments has been repeatetl helow 
alonz \\:it11 ;rctions t;lken to address the comment or discussion of the issue from the November 
9"' conference cirll. 

Ohio EPA Rcsl>onsc to Coliilnc'nt Itesl,onse: 
To e11s11re t I i ; ~ t  there is no question :IS to whether a comment andlot- response has hecn addressed. 
I \voultl like to request that all ~tctions/rcsponsesIco~ii~iie~its are documented. This 
tlocumcnt1cm:til format we are presently using isacceptable. This was agreed upon in our 
teleconfl-ence ol' I 11 16/00. 

Ohio EPA Con~mertt 2: Page 4. Section 2.0 Data Compilation and Evaluation - Provide a brief 
description of the MEIMS database. Add MEIMS to the Acronyms and Abbreviations list at the beginning 
of [he document. 

MEIMS has been added to the acronym list for both Parcel 3 and Parcel 4 RKE reports. MEIMS 
is defined on page i S  in the Parcel 3 R R E  and on page "x" of the Executi\le Su~nmary of thc 
I'arcel 4 RUE. lluring the Noveml?cr c)"' conference call Ohio EPA requested that the acronym 
also he clcl'incd in Sectio~i 2.0. This :~tlrlition will be made to the next version of the RRE. 

C>liio CPA I ? C S ~ > O I ~ S C  to C'oniriie~i~ lic'sl~o~isc: 
O.K. Please dcscril>c thing., [hat arc nor firmiliar to the puhlic ;I[ their firs1 introtluction \v i r l l i n  a 
dncumcnt. 

-Ohio EI'A Coti~r,ierlt 3: P a x  7 .  Section 2.3 Data Analysis - Please add an explanation on the use 01' ' B' 
and ' E' qualilicd data. 

! -The i.~suc ol' whcre. irlicl ho\\,. to cspl:iili data qualifiers was discussed priol to issu;~nce 01' 
Iicvision 4 ol'thc I'arcel 3 RKI!. I t  \\J;~s irgrecd that an explanation of the clatir qualifiers \vould he 



incluclccl with thc cl;lta set and pl-ovided with report in an electronic for~nat.  All cxpl;~nation of 
1;th cltt;ilifiers \v;ts it~clutletl with the electronic \~ersion of the data set provided with hoth R U E  
reports. 

Ohio EPA I<csl>onsc to Comment Response: 
A 

O.K. When this agreement was made. i t  was in response to the comnient of including qualifiers 
within [lie sunlmary tables. We had previously agreed to remove the qualifier from the sunimary 

i tablcs. fiallic st;ttcd that this has been completed. 

. _ Ohio EPA Coinment 5:- Page 7 ,  Section 2.4 Data Screening Process --The fourth sentence references-that -- - - - 
the summary tables provide the Arange of contaminant detection limits@. Should this be changed to the 
range of detection or detection Ilmits? 

The 4'" sentence ol'section of the RRE reports dealing with the "Data Screening Process" reads: 

"7'110 ~~oiz~t i t i~or i f  S I I I I I I I I C I I : \ :  t ~ h l c ~ . ~  eilso ~ ~ r - o ~ ~ i e l ~  ~~~ci.viii~iiil~ detected concentr-crtior~s. tlle mngr (?I' 
c.oirtciir~i~~er~ir tletec.tioi~ 1ii1iit.s. tl~e~fi.ec/irei~c:\~ c!f'tletec.tior~ cind the decisiorz crrlrl i.cition~ile t o  ir~c.l~irlo 
01. o . ~ ~ : / i ~ c / o  ( ~ o i i . s ~ i t i ~ e i i t , f i ~ o ~ ~ ~ ~ / ~ i r ~ r / i c ! i -  ~:oii.si~lc~i-~iti~)i~ i11 t11e RRE. " 

Since the table lists the minimum and maximum concentration detected i t  does provide the 1-;1112e 
of detection limits. I t  is unclear how the meaning of this sentence would be changes if Alan?? ot' 
cont:rminant detection limits@ were changed to "the range of detection or detection limits". 

Ohio EPA Ilesponsc to Comment Response: 
Afrecd. 

Ol~io EPA Corrlnlent 7 :  Page 8, Section 2.4.2 Screening Constituents Based on Guideline Values - 
Change the word calculated to recalculated in the last sentence in the second paragraph. Make the last 
sentence in the second paragraph two sentences by placing a period (.) after and before The about 1 1 
words from the bottoni of the paragraph. 

New GV were calculated. not rec;ilculated. These calculations are provided in Appendix C 
Since this text has hecn ~nodified the second revision is no loriger needed. 

Ohio EPA Rcsponsc to Coniment Response: 
O.K. Please pro\~idr the same dncumentation that appears in Parcel 4 Appendix C in  the P;trscl 
3 RIIE. 

Ohio EPA Coi~lir~c~r~r 8: Pace 17. Szction 3.4 Exposure Point Concentrations - Change thc acronym RME 
used in thc last senlcnce of [tic first parazraph to EPC. 

Clhio EI'A I<csl~o~~sc '  I ( >  Con~mcnt I<espn~isc: 
' I ~ l r i i ~ ~ k . ~ .  

Oliio EPA Coi~~l~ ie r~ t  12: Page 28. Section 5.0 Risk Characterization - Place a comma after Aln  risk 
characteriziition@ i n  [he second scntzncc of the first paragraph. 



As sirggcstcd. :I cnnini;l will I>e ;iddcJ to the I "  sentence of Scction 5 

Ohio EPA Response to Coliiment licsponse: 
7'litrtrk.s. 

Ohio EPA Cott~ttlent 13:Table 2.1, Identification of Current and Future Soil Constituents - Please 
add to the minimum and maximum concentration columns. 2 descriptor for the lab qualifier. Add 
text to the Ae@ footnote to direct the reader to Appendix C for selected updated guideline values. 
Use the thorium'" plus daughters guideline value for screening thorium'" concentrations. There 

.- - - ...~. . are-approx-imately-59 additional-samples-for-metals-between-revision 2 and revision 3. -Please--- - -- - - - -  

explain the difference. The 95% UCL for plutonium'" looks too high (67.20 pCi1g). Please 
verify the value. 

Since lab qualifiers have been defined with the data set, no explanation is needed on Table 2.1. 
Footnote "e" on the Parcel 3 RRE Table 2.1 and footnote -'f-' on the Parcel RRE Tiible 2.1 \vi l l  
be rnodified to direct the reader to Appendix C. 

Ohio EPA Iicsponse to Comment Response: 
Thanks 

Thc issue of which GVs to use for thorium'"' and thoriirn~'~"\\~as discirssed dur-in2 tlie Novemhe~ 
9'" confer-ence call. Given the current uncertainty regarding the GVs for thorium i t  \\!as agreed 
that the coluri1n ~vould be left blank 

As discussccl ill the teleconference of' 1 1/16/00. Tlior-ium 232 +D will bc. tlseJ in tlie Site 
Employee Scen~~r io  for soil and \ \ / i l l  replace the \vithout daughter value presently used in both 
Parcel 3 arid 4 RREs. Bob Hocks is to forward this value to Hallie. 

The Piu-eel 3 soil data set has remained the same for versions 2. 3 and 4 of the 1';irc~I 3 RRE. 
However. at the direction of Ohio EPA. the subsurface soil interval included in risk calculations 
has been expanded. The earlier versions of the RRE considered subsurface soil to be soil 0 to 10 
feet below land surface based o n  the belief that ever1 if the soil were distur.hecl by construction 
activities this would be the interval of soil most likely to be available for direct contact. At a 
meeting held at Mound on December 2. 1999. Ohio EPA directed us to include all suhsurli~cc 
soil dara regardless of the depth at which i t  was collected. This change i n  policy ;rcc.ntrnts for the 
adtlition:~l 59 metal samples between versions 2 ~uid 3. 

Thcl '95%. UCI, \.;llue for l~lirtoni~~m'~:'i is a result of thc rccluired assu~i~ption illat distril~utions arc 
lognormal unless they are shown - I < )  be normal. ~ lu toni~rn i '~ '  1i;rs less tli;111 50'2 detects ;1ric1 

\vould normally h;rve deflrulted to ~t non-parametric UCL hut since tlie distribution was assunled 
to he log norm;ll. the log ~iormal 95%; UCL was used. 

I (.l;lne) asketl for- ; I  rcl;.rcncc for this "required assumption". Hoh Tucker indic:~tctl it \v;rs i n  tlic 
hlound 2000 tlocumcrit. I asked for tlie specific rekr.cnce (action ite~ii lot- I3013 Ti. 13oh :rlso 
indicated that Brian Nickcl had pr-e\~iously reqi~ested that d~tta sI10~1ld I)c: :rssumcd to hc 
logtior-mal. This issi~c will bc discussed with Lauric E g ~ e r t  ancl Bri;irl Nickel (irction itcni I'or 
.l;t11e). 



O l ~ i o  EPA Cor~unc.rrt 14: Table 2.2, Identification of Current and Future Soil Constituents ... - Plcase 
add to the niinimum and maximum concentration columns, a descriptor for the lab qualifier. Add text to the 
Ae@ footnote to direct the reader to Appendix C for sclccted updated guideline values. Update both thc 
thorium22~h~?3? guideline values for screening concentrations. 

Siiicc lab cl~r;~liI'ic'~~s ha\'c I)ccn dcl'i~icd with the data set. no expli~niition is nccded on Ti~hle 2.2. 
Foc~tnotc. "c" 0 1 1  ~ l i c  I'arccl 1 l i K I z  -rablc 2.1 and footnote "I" on the Parcel 3 R U E  Table 2.1 \ \ . i l l  
he ~nodi  l'ic~l I O  c l i r - C ~ I  the reader to Appendix C. See discussion above regardins GVs I'or tlio~~iiini 
2 :1, 

; ~ i i c I  tIioriun~"'. 
_ - _ - _ _ _  _ _ - - - - --- 

Ohio EPA Re.<ponsc ro Commenr liesponse: 
Discussetl i n  a prc.\:ious response. 

Ohio EPA C o ~ ? ~ r ? ~ e r ~ r  17: Table 2.2, Identification of Current and Future Soil Constituents ... - Please add 
to the minilnuni and maximum concentration columns, a descriptor for the lab qualifier. Add text to the 
Ae@ footnote to direct the reader to Appendix C for selected updated guideline values. Update both the 
[hori unl"0&23? suideline values for screening concentrations. 

Appcndix C: \$ i l l  1~ modified to s:~y where the values are used. 

Oliio EP,4 lic.~pon?;c to Coniment Response: 
IIiscu.<.;cd i n  ; I  l>r-c'\.io~~?; res~>onse 

2. Please provide a table of current groundwater results that include the raw data for each 
sample. The table provided includes only the value used for the calculation of risk. We 
are interested in ensuring that the frequency of detect calculation is accurate. We are 
also interested in the lab qualifiers for this data. 

This comment was expanded in an e-mail received from Jane O'Dell on November 1 3Ih. These 
comnients are included below: 

I have rechecked the data that I originally flagged as creating discrepancy in the RRE 
summary tables. I'm still having problems reconciling this data. Within the data set, 
there is a column labeled "PREFIX7'. I'm assuming since the column either has a less 
than sign (<) or i t  is blank, that the column is used to determine if a result is greater than 
the detection limit. There are several examples of data that indicates the less than sign, 
but the result is greater than the given detection limit. There is also an example of a 
detection limit greater than a result, yet the column is blank. Below are a few of the 
examples. 

Current Ground Water Data 

Analyte Prefix Result Detlini 
Aluniinuni < 6.55 4. 10 (multiple cases) 
Vanadium < 5.15 2.0 (multiple cases) 
Chlorofoi-m < 0.6 .5 
Ti1228 .0085 .O 17 
These are just a few that I've listed, please let us know why this occurred in the data table. 

Response: 'l'hc clcc~ronic copy ofthe dirta set pro\iidecl with thc rel~oi-t includes it I'icld I'or 
inscriion ol'"<" to intlic;~tc rhc non-dctccis or "U". I ~ o \ v c \ ~ s ~ .  the d i ~ t ; ~  set pro\~idecI u~itli the 
~.cport rlic.1 no[ i~iclr~iic. ;I  I'icltl ~ v i ~ l i  .I. B or othcr lah qualifiers i l '  they exist. Tlic clata scl has hcc11 



modil'iccl to capture otlicr cl;~ta qualifiers 

For nict;~ls ant1 chloroform the reason there is a < designation is that a result map he considered 
to I?e nail-detect clue to d;~ta \~aliclation rather than being strictly less than detection limit. This 
could bc duc to contamin;~tioii in blanks and orher Q A  samples. The rhoriurn2 '~~alue is the 
I-esult o l ' ; ~  rule \vc \vet-c asked to implement thitt indicated that if the reported rltdiolo_cical \;slue 

w;is less thair tlic dctcction limit. regatxlless of qualifier. we wel-c to use hall' the tlctcction liinit :is 
thc rcsitlt. 

(3hio EPA llcsl,onsc to Comnlent licsponse: 
The data_secp~-o.\ii~lcd~~\i~I~t!ie i t d d i t o i l  qua1 ifiers will be re\jewed. 

__- - -- - - --- 

3. The current ground water data provided does not match up exactly to the summary 
tables. There are numerous cases of the minimum/maximum concentration not matching 
(Aluminum, Selenium, Vanadium, Th228, etc.) the data provided. There are also 
problems with the detection frequency (Aluminum, Vanadium, Chloroform) matching. 
In the case of Chloroform, this miscalculation caused the chemical to be screened out 
based on frequency of detect when it should have been carried through. We have spot- 
checked this data and found problems, someone from your shop should review all of the 
data to ensure that the summary tables match the data set. 

Response: A comparison of the data set submitted in electronic forniat with the RRE reports to 
the data reported on the screening tables for current groundwater was conducted. The minimum 
\~alites detected on the screening rithle are the minimum detected values. For "U" qualified tlitt;~. 
\vllcn 54 the SQL was ~isetl to estimate the contaminant concentration. these values do not appeal. 
in the table.  result.^ 1,1- ali~rninitm. vanadium, selenium, thorium-228. and clilorofot-111 \vet-e 
cornpat-cd to the sci-eening table irnd the findings were consistent with the reported \:i~lues for 
minimum. masimum and Srsqitency 01' detection. 

Ohio EPA Ilesponsc to Comment Response: 
The dar;~ set pro\~idccl with tlic additional qua1 ifiers will be re\tiewed. 

4. ~trontiurn~' in current ground water was screened out due to a short half-life. A short half-life is 
not one o f  the screening mechanisnis. 

Response: The strontiitmS5 values are the same as those reported for Release Blocks D and H.  
The short half-lifc rational as a screening mechanism was used in the earlier approved re1e;tse 
blocks to eliminate this as a COPCs. therefore. based on precedence i t  was used in this \.ersion of 
scrcenit~g. I f '  this i . ~  incort.rct. i t  can be modifietl. 

(.)hi() I1JI'A Ilc?;l~onsc to Colnnictlt Ilcsponse: 
Even though tlic short hitll-l i1.c I-ation;il was used as a screening mechanism in Release Blocks I >  
irncl 1-1. wc prcl.c~- to 1oIIo\\~ 11ie IiIlI?M stated screening mechanisms. I t  was agreed to rciliove thc 
shot-t 11;11f-l i1.c screening ~lic~.Ii;rnisnis. 

5.  We had agreed tc! use the new Thorium 230 guideline values in the RREs. 
The old soil values of 44 pCi/g (construction worker) and 8 1 pCi/g (site employee) are 
used in  the RREs. The Th 232 soil value for the site employee is incorrect at 92 pCi/g 



Response: The issite of which GVs to use for. thorium.'.:" and thorium2-:' \\!as discussed during ~ h c  
No\.emher 9'" conkrence call. Given the currcnt uncertainty regarding the GV?; for thorium i t  

wits asr-ccd  hat the cc.)lunin \yould he Icfr blank. 

Ohio EPA I<csl>onse to Commcnt Response: 
Iliscussctl in  a l>rc\.ioits rc?;l~o~isc. 

6. There are pideline values being used in Revision 4 of Parcel 3 RRE that were not used in 
Revision 3 and we are unsure of where these values are referenced. They are the guideline 
values-on-Table-2.5-that-are-footnoted-as"eable-.rl-footnoted-as~dll.-Please~ 
provide the reference to the guideline values. 

Response: Appendix C for Parcel 3 has the tables where these values were calculated for (lie 
Revision 4. New groundwater GVs had not been calculated for many COPCs for Revison 3. 
Additionally. only the construction worker GV table was included in the Appendix C. Site 
employee GV's will be included with the next version of the Parcel 3 RRE report 

Ohio EPA Rcsponsc to Comment Response: 
Ohio EPA is currently I-evie\vins the cnlcul:ttions of the above mentioned guideline values 

7. As previously discussed, we would like to have Matt Justice sit down with Brent 
Huntsman to review the data and analysis of the future ground water results. Please 
provide dates as to when Brent would be available for this meeting. 

Response: A meeting hcr \~c .n  Matt I ~ ~ s t i c e  (Ohio EPA) and Brent Huntsman (Terirn) was heltl 
on November S. 2000. 

Ohio EPA Response to Comment Response: 
Agreed 





a: Dave, 
By now 1,'m sure you're aware of the discrepancy between the Parcel 415 Boundary Soil Analysis 
Reports and the Parcel 415 Boundary data used in the Parcel 4 RRE. This email is a request for an 
explanation (once determined) as to the reason for the discrepancy. Karen Arthur has given us a 
preliminary explanation, but she wasn't sure about the details. 
Thanks, Jane 
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Parcel 4 Human Health Residual Risk Evaluation 

Executive Summary 

This report was prepared using the Mound 2000 Residual Risk Evaluation Methodology [(RREM) 

DOE 1997al to quantify the potential for cancer and other non-cancer health effects from long-term, low- 

level exposures to site-related contaminants in Parcel 4. A Residual Risk Evaluation (RRE) quantifies human 

hFal th7 iSk~ iZtedWithres idGl - l eve l s f  contma i i T a t i o n i i i i ~ i t l i i K i a r e a  to ensure thattuture 

users of the land will not be exposed to contaminant levels that would pose unacceptable risks. Total risk, 

background risk and incremental risk were calculated for current and future exposure scenarios for a 

construction worker and a site employee working in Parcel 4. Potential exposure to contaminants originating 

outside Parcel 4 that may reach receptors in the parcel are termed potential cumulative exposures. Potential 

cumulative risk was calculated for current and future exposure to groundwater and air. 

To quantify future residual soil risk it was assumed that no degradation of the COPCs would occur 

over time, therefore, current and future residual soil risks are the same. Current groundwater exposures were 

estimated using data collected from the Mound Plant Production Wells up through the year 2000, including 

approximately 12 years worth of data. The Mound Plant Production wells are finished in the Great Miami 

Buried Valley Aquifer (BVA). The concentration of contaminants in future groundwater were estimated 

using a model that assumes all contaminants currently detected in the bedrock aquifer of the Mound Plant 

property migrate to the BVA. 

The terms "Release Blocks" and ''Parcel" are both used in this report to designate portions of the 

Mound property to be evaluated for transfer. To streamline the transfer process, the Mound property was 

initially divided into 19 "release blocks", which are contiguous tracts of property designated for release. 

RREs must be completed before the transfer of a release block can be completed. RRE reports have been 

completed for Release   locks D and H. When the M&O contract for Mound oversight changed hands in 

1997 the release blocks were reconfigured into 10 "Parcels" to shorten the schedule for site transfer. Release 

Block H forms the eastern boundary of Parcel 4. 

Constituents of potential concern (COPCs) in Parcel 4 soil for the construction worker scenario are 

identified in Table 2.2. Total, background and incremental residual risk for the construction worker exposed 

to Parcel 4 soil is presented in Tables 5.1, 5.2 and 5.3, respectively. Total, background and incremental 

. . residual non-cancer . . .. for a construction . . worker .. exposed - .  to . soil . are all below . . the target risk . threshold . of 1. 
Total residual cancer risk for a construction worker exposed to soil in Parcel 4 is 2.0~105, which falls within 



the target or acceptable risk range of 10-4 to 10-6. Background residual cancer risk from soil for a 

c.onstruction worker in Parcel 4 was 2.3~10-8. Since background risk to a construction worker was three 

orders of magnitude lower than total risk, incremental residual cancer risk is essentially equivalent to total 

residual risk. Incremental residual cancer risk for the construction worker exposed to soil was 2.0~10-5. 

Constituents of potential concern (COPCs) in Parcel 4 surface soil for the site employee scenario are 

identified in Table 2.4. Total, background and incremental residual risk for the site employee scenario 

exposed to Parcel 4 surface soil is presented in Tables 5.4,5.5 and 5.6, respectively. Total, background and 

incrementaliGidiZl non-cancer for a site employee exposed to surface soil are all well below the target risk 

threshold of 1 for non-carcinogenic risk. Total and incremental residual cancer risk from surface soil for a 

site employee in Parcel 4 is 2.3~10-5, which falls within the target or acceptable risk range of 10-4 to 10-6. 

Background residual risk from soil for a construction worker in Parcel 4 was 2.6~10-7. 

Potential exposure to contaminants originating from outside Parcel 4 that may reach receptors in the 

parcel are termed potential cumulative exposures. Potential cumulative risk was calculated for current and 

future exposure to groundwater and air. The approach used to estimate potential cumulative for air is the 

same method as was used for Release Blocks D and H. Current groundwater risk was assessed using all 

.groundwater data available from the Mound Production wells. Potential cumulative risk from air and 

groundwater are reported in the Parcel 4 summary tables at the end of this Executive Summary. 

Potential cumulative risk was assessed for both current and future exposure to groundwater. Currert 

groundwater exposures were estimated using data collected from the Mound Plant Production Wells (well 

numbers 27 1 and 076) up through the year 2000 including approximately 12 years worth of data. The Mound 

Plant Production wells are finished in the Great Miami Buried Valley Aquifer (BVA). The concentration of 

contaminants in future groundwater were estimated using a model that assumes all contaminants currently 

detected in the Bedrock Aquifer of the Mound Plant property migrate to the BVA. Contaminant 

concentrations detected in the Bedrock Aquifer were added to the current contaminant concentrations 

detected in the Mound Plant Production Wells to estimate potential future exposures. Information on the 

derivation of future contaminant concentrations in groundwater is presented in Appendix B. 

For the construction worker scenario antimony, cadmium, and copper were identified as COPCs in 

current groundwater (Table 2.6). Total, background and incremental residual risk for a construction worker 

exposed to current groundwater are presented in Table 5.7, 5.8 and 5.9, respectively. 

Total residual cancer risk from current groundwater for the construction worker scenario is 1.6~106, 

due entirely to cadmium. This risk level falls within the target or acceptatie risk range of 10-4 to 10-6. Since 



the background concentration of cadmium in groundwater has not been quantified, background risk for a 

construction worker could not be quantified. Therefore, incremental residual cancer risk from current 

groundwater for a construction worker was 1 . 6 ~  10-6 which falls within the target risk range for carcinogens. 

Total residual non-cancer risk from current groundwater for a construction worker is 1.4, which exceeds the 

target risk threshold of 1 for non-carcinogenic risk. The largest contributor to this risk is antimony. 

Background residual non-cancer risk from current groundwater for a construction worker is 0.017. 

Incremental non-cancer risk for this receptor is 1.3 which, again, is largely due to antimony. The maximum 

concentration of antimony detected in the production wells was used to describe current groundwater to 

ensure thTthealiiSk-frmroUndWatFingestiKis not underestimated,However, ihese results were 

collected on May 6th 1991 using an uncertain analytical procedure. Uncertainty surrounding the 

concentration of antimony used in the current groundwater calculations is discussed further below. 

For the site employee scenario antimony, cadmium, copper, actinium-227, plutonium-2391240, 

thorium-228 and uranium-234 were identified as COPCs in current groundwater (Table 2.8). Total, 

background and incremental residual risk for a site employee exposed to current groundwater are presented in 

Table 5.10, 5.1 1 and 5.12, respectively. 

Total residual cancer risk from current groundwater for a site employee 1.1~10-5. Background and 

@ 
incremental residual cancer risk from current groundwater for a site employee is 3.3~10-6 and 8.0~10-6, 

respectively. All three of these risk levels falls within the target or acceptable risk range of 10-4 to 10-6. 

Total residual non-cancer risk from current groundwater for a site employee is 1.1, which exceeds the target 

risk threshold of 1 for non-carcinogenic risk. The largest contributor to this risk is antimony. Background 

residual non-cancer risk from current groundwater for a site employee is 0.015. Incremental residual non- 

cancer risk from current groundwater for a site employee is and 1.1 which, again, is largely due to antimony. 

The maximum concentration of antimony detected in the production wells was used to describe current 

groundwater to ensure that the actual risk from groundwater ingestion is not underestimated. However, these 

results were collected on May 6th 1991 using an uncertain analytical procedure. Uncertainty surrounding the 

concentration of antimony used in the current groundwater calculations is discussed further below. 

Final COPCs for future groundwater for the construction worker are identified in Table 2.10. Total, 

background and incremental risks for-the construction are presented in Tables 5.13, 5.14 and 5.15, 

respectively. Total residual non-carcinogenic risk from future groundwater for the construction worker is 26. 

Background residual non-carcinogenic risk from future groundwater for the construction worker scenario is 

1 1 and increment residual non-carcinogenic risk from future groundwater is 14. The total, background and 

incremental non-cancer risk for the construction worker all exceed the target Hazard Index (HI) of 1. Future 

total and incremental carcinogenic residual risk from groundwater for the construction worker scenario is 



1.4~10-2, which exceeds the target risk range for carcinogens. Background residual carcinogenic risk from 

future groundwater for the construction worker scenario is 9.3~10-5, which falls within the target risk range. 

Final COPCs for future groundwater for the site employee are identified in Table 2.12. Total, 

background and incremental risks for the construction are presented in Tables 5.16, 5.17 and 5.18, 

respectively. Future total and incremental non-carcinogenic residual risk from groundwater for the site 

employee scenario were 5.5 and 5.3, respectively. Both these values exceed the target HI of 1. Future 

background non-carcinogenic residual risks in groundwater for the site employee is 0.21, which does not 

e x c e e d ~ H ~ d - I F d E f  ITFutUr-land-incrementalcarcinogenicidualii~fr~groundwater 

for the site employee scenario was 5.2~10-5 and 4.8~10-5, respectively. Total and incremental carcinogenic 

risk associated with exposure to groundwater falls within the target risk range of 10-4 to 10-6 for the site 

employee scenario. Background carcinogenic residual risk from groundwater for the site employee scenario 

was 4.0~106, which also falls within the target risk range of 10-4 to 10-6. 

Airborne contaminant concentrations were measured at the Mound Facility in 1994 while various site 

restoration activities (DOE, 1994) were ongoing. This method assumes both current and future exposure to 

air. Both radiological and non-radiological data were collected. Since several soil-disturbing activities were 

going on during data collection it is assumed that the measured air concentrations represent an upper-bound 

air concentration. Information on the derivation of these values is presented in Appendix A. Incremental 

cumulative carcinogenic risk due to exposure to contaminants in air was 2.1~10-7, for the construction 

worker, and 9.9~10-7 for the site employee. In both scenarios, the result is less than the target risk range. 

None of the COPCs identified in air have non-carcinogenic risk criteria so a HI was not calculated for 

exposure to contaminants in air. 

Overall total, background, and incremental cancer and nomcancer risks are presented in the following 

table. The risk values in the table are the addition of all of the media and associated pathways for the 

construction worker and site employee scenarios. Total and incremental noncarcinogenic risks exceed target 

criteria for the future construction worker and future site employee due to potential exposure to groundwater. 

Overall carcinogenic risks associated with exposure to soil, current groundwater, and air fall within the target 

risk range of 10-4 to 10-6 for both potential receptors, but future groundwater risks to construction worker 

exceeds target risk levels. 



Scenario and 

Worker 

Worker 

Employee 

Overall Summary of Risks 
Overall Risk Types Total Non- Total Excess Lifetime 

carcinogen Risk Cancer Risk 
HI 

I I 

Background 0.017 3.1~10'~ 
I 
I 

I I 

Incremental 1.3 2.2x1U5 

1.4~ 1 o-2 

Background 9.3~ 1 0-' 

Incremental 1.4~ 1 0-2 

Total I 1.1 I 
Background 0.015 3.5~10" 

Incremental I 1.1 I 3.2~ 1 0-5 1 
Total 5.5 7.6x10-' 

I I 

Background 0.2 1 4.6~10" 
I I 

Incremental 5.3 7.2x10-' 

The incremental non-carcinogenic risk exceeds the standard (HI=l) for the four scenarios listed in the 

Overall Summary of Risks Table. The incremental excess lifetime cancer risk exceeds the acceptable risk 

range (1 0-4 to 10-6) for the Future Construction Worker Scenario (1.4~10-2). These exceedances are driven 

by the conservative nature of the groundwater analysis. Specifically, using the maximum detected value (a 

single measurement) from a data set that spans sixteen years as the concentration representing a contaminant 

of potential concern and assuming contaminants are present only in their most toxic form overestimate the 

risk. Details are provided in Section 6, Uncertainties. Based on this conservative methodology, the expected 

incremental residual risk from Parcel 3 is within the acceptable range. 

Data for the RRE was collected over a 12-year period and analytical detection limits and methods 

have changed. This has resulted in current lower detection limits and presents uncertainty in the data by 

adding potential bias to the EPC for a constituent. For groundwater, the historical and current groundwater 

data were used to estimate the exposure point concentration. Uncertainty is introduced because the analytical 



results for constituents in the groundwater, collected over a 12-year time period, may not meet the Data 

Quality Objectives (DQOs) currently in place for data collection at Mound. Antimony is an example of this 

type of uncertainty. The long time Frame also means that contaminants detected in the Production Wells and 

bedrock wells may have degraded. For example, 12 years is equivalent to one half-life for tritium. The 

concentration of tritium in groundwater is reduced by half every 12 years. 

None of the processes conducted at the Mound facility involved the use of antimony so, no process 

-- knowledge exists-to-suggest that-antimony might-be presentin-current or historical-groundwater,yet antimony---- -- 

was detected in 5 out of 29 analyses of groundwater collected from the two production wells. The highest 

concentrations of antimony detected (38.2pg/L and 40.2 pgL)  were both collected on May 6th, 199 1. Since 

both elevated results were collected on the same date the possibility of sample contamination exists. May 6h 

1991 precedes development of the Mound Quality Assurance Project Plan (DOE 1993a) by two years, so it is 

doubtful that the elevated antimony results meet the Mound DQOs. The Mound Environmental Information 

and Management System (MEIMS) database specifies the procedure used for antimony analysis as an 

"unknown CLP method" and the results were lab qualified as "B". When applied to inorganic compounds, 

like antimony, the "B" lab qualifier means that the reported value is greater than the instrument detection limit 

but less than the contract required detection limit. The next highest detection of antimony (14.4pgL) was 

detected in April 7th, 1994 and antimony has not been detected in the BVA since. In addition to the * monitoring data reported in MIEMS, monitoring of the production wells is conducted in accordance with the 

Safe Drinking Water Act (SDWA). The SDWA data for production well groundwater shows antimony at the 

detection limit of 0.6pgL. Despite this, the maximum concentration of antimony detected in the production 

wells (40.2 pg/L) was used to describe the current groundwater concentration. 

Given the age, elevated detection limits, and uncertain analytical procedure used for the May 6th 

199 1 analyses, plus results of subsequent analysis that shows antimony at much lower levels, it seems highly 

unlikely that the concentration used to describe the current concentration of antimony in groundwater is 

accurate. The maximum concentration of antimony detected in the production wells was used to describe 

current groundwater to ensure that the actual risk from groundwater ingestion is not underestimated. 

However, this approach may result in an overestimation of actual current risk. Elimination of the 

questionable May 6th results would lower the estimated current total risk due to antimony from an HI of 1.1 

for the construction worker down to an HI of 0.4 which is well below the target risk threshold. 

To estimate future maximum constituent concentrations in the BVA the maximum detected 

concentration in the production wells was added to the flow tube modeled maximum detected concentration 



found in the bedrock wells. The flow tube model includes an assumption that the maxmum concentration of 

@ 
a constituent detected in each of the twenty bedrock flow tubes impacts the BVA in the future. Natural 

physical and chemical processes such as dilution, dispersion, adsorption, and soil properties are ignored when 

establishing future estimated concentrations by this method. It is possible that the soil and the bedrock layer 

would inhibit most of the groundwater sampled in the bedrock wells to ever migrate into the BVA. As a 

result of this methodology, the future EPC concentration is biased high and the future groundwater 

concentrations are overstated. 

- -- - - -- - - - - -. - - - - -- - - - 

Furthermore, the Parcel 4 RRE assumed that future site users would utilize the production wells for 

potable water supplies. The Miamisburg Mound Community Improvement Corporation ( W C I C )  intends to 

tap future site-users into the municipal water supply system, therefore exposure to bedrock or BVA 

groundwater is unlikely. Using the production well and bedrock well data to estimate future risk is a 

conservative estimate of future risk. 
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a 1.0 INTRODUCTION 

The U.S. Department of Energy's (DOE) Mound Plant is located on a 306-acre parcel of land within 

the City of Miamisburg, Ohio, about 10 miles southwest of Dayton, Ohio. Figure 1.1 shows the vicinity of 

the Mound Plant. The plant is located approximately 2,000 feet east of the Great Miami River and partially 

overlies the Great Miami Buried Valley Aquifer (BVA). Since 1948, Mound has operated as a research, 

development and production facility in support of DOE's weapons and energy programs. Mound's past 
_ -_ _ _ . _ _  _ -- - - 

weapons program mission included process development, production engineering, manufacturing, and 

surveillance of detonators, explosives, and nuclear components. Mound's current mission is to support 

DOE's efforts in environmental management and to transition the site, in cooperation with the City of 

Miamisburg, from a cold-war production facility to commercial or industrial use. 

Parcel 4, the subject of this report, consists of 95.2 acres located immediatelysouth of Operable Unit 

(OU) 5, the Mound Plant Production Area. A map of the Parcel 4 is included as Figure 1.2. Prior to DOE's 

purchase of Parcel 4 in 1981, the land had been in use for agricultural purposes. Parcel 4 remains 

undeveloped with the exception of a construction gate, a gravel road from Benner Road and gravel-surface 

parking area, a contractor storage area, and an above ground power line running approximately north-south a through the center of the property. 

During past operations at the Mound facility the release of hazardous waste may have occurred. 

Subsequent facility investigations have identified over 400 potential release sites (PRSs). Since 

contamination at the Mound Plant occurs at discrete PRSs rather than being widespread across he site, a new 

decision-making process was formulated for Mound. The new process is known formally as thefiremoval site 

evaluation process" and informally as the "Mound 2000 process". The Mound 2000 process is consistent with 

the Federal Facilities Agreement (FFA) signed by DOE, the U. S. Environmental Protection Agency (EPA) 

and the Ohio ~nvironmental' Protection Agency (Ohio EPA), in accordance with the Comprehensive 

Environmental Response, Compensation, and Liabilities Act (CERCLA) as defined in the National 

Contingency Plan [(NCP) EPA 19891. 

This report was developed using the Mound 2000 Residual Risk Evaluation Methodology (RREM) 

(DOE 1997a) to quantify the potential for cancer and other non-cancer health effects from long-term, low- 

level exposures to site-related contaminants in Parcel 4. A Residual Risk Evaluation (RRE) assesses human 

e 



Residual Risk Evaluation Parcel 4 
Draft Revision 2 

October 25, 2000 
Page 2 of 38 

health risks associa'ted with residual levels of contamination remaining within an area to ensure that future 

users of the land will not be exposed to contaminant levels that would pose unacceptable risks. The RRE 

results will be used, together with Applicable or Relevant and Appropriate Requirements (ARARs), to 

determine the need for additional site remediation or to demonstrate that Parcel 4 is ready for public use. 

I.? Purpose of Residual Risk Evaluation 

- 
- - -- - -The-objective-of theParceI-4-RRE-i~~t~assessri~ks assmiateddwithTesidiiaI1l~ElS3f contamiri~iG- 

that exist after completion of the removal action. Although the RRE method was developed specifically for 

use at Mound, the method is consistent with the CERCLA baseline risk assessment method to ensure that 

future users of the land will not be exposed to contaminant levels that would pose unacceptable risks. 

1.2 Scope of the Parcel 4 RRE 

The RRE for Parcel 4 includes an evaluation of human health risk for potential residual 

contamination in the area. A remedial investigation of Parcel 4, also known as the Mound Plant New 

Property, was completed in February 1996. The results of this investigation were presented in theoperable 

Unit 5 New Property Remedial Investigation Report (DOE 1996). Since commercial/industriaI use of Parcel 

4 is anticipated, receptor scenarios were selected to represent reasonable maximum exposure (RME) 

conditions for a commercial/industria1 setting. Residual contaminants in Parcel 4 were evaluated for two 

potential receptor groups: construction workers, who may be exposed to surface and subsurface soil, 

groundwater and air for up to five years and site employees, such as office workers, who may be exposed to 

surface soil, groundwater and air for up to 25 years. The construction worker and site.employee were 

assumed to utilize groundwater from the Mound Plmt Production Wells (Wells 271 and 076) for their potable 

water supply while at work. Exposure assumptions for the construction worker and site employee scenarios 

are site-specific adaptations of the standard scenarios presented in EPA's Risk Assessment Guidance for 

Superfund (RAGS), Part A (EPA 1989). These assumptions are documented in Table 1 in the Mound 2000 

RREM (DOE 1997a) and are based on a RME assumptions. RME exposure assumptions are conservative 

and are therefore, not likely to underestimate residual risk. 

The Parcel 4 residual risks evaluation included an assessment of total, background and incremental 

risk. Total risk was calculated using the total concentration of identified constituents of potential concern 
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(COPCs) detected in Parcel 4. Background risk was based on background levels of the COPCs and 

@ incremental risk was calculated using the difference between total and background levels. Incremental risk 

can be used to assess the increase in risk above background levels due to contaminant releases from past 

Mound Plant operations. 

1.3 Organization of Report 

- -- ~e-~~M-provides-a-framework-for-evauating-potentia-human-hea1th-risksassociated with------ 

residual levels of contamination. Although the RREM is similar to a traditional CERCLA baseline risk 

assessment, it serves a different purpose and, therefore, is not identical. 

The RREM consists of five elements, including: 

- identification of the contaminants to be evaluated, 

- exposure assessment, 

- toxicity assessment, 

- risk characterization, and 

- evaluation of potential cumulative risks. 

The following sections describe each of these elements in more detail starting with Section 2.0, Data 

Compilation and Evaluation, which describes the methods used to compile Parcel 4 data and identify 

contaminants to be evaluated in the RRE. Section 3.0, Exposure Assessment, summarizes the pathways 

through which hazardous substances may reach potential receptors and intake assumptions that will be used 

to quantify exposure. In Section 4.0, Toxicity Assessment, exposure point concentrations, intake equations 

and toxicological reference values are presented. Information from the exposure assessment is combined 

with information from the toxicity assessment to characterize human health risks in Section 5.0, Risk 

Characterization. Section 6.0, Uncertainties, presents some of the sources of uncertainty inherent in risk 

assessments and in the RRE. Section 7.0, References, contains a list of all documents cited in this report. 
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2.0 DATA COMPILATION AND EVALUATION a . .  

Identification of contaminants to be carried through the RRE calculations is a multi-step process 

beginning with the identification of all contaminants detected in the area and then eliminating contaminants 

based upon a set of established screening criteria described in the RREM. 

All available sampling data were compiled for use in the Parcel 4 RRE. Newer data were used to 
~ . __-- -- - - - -  - -  - 
supplement, rather than supercede older data except when older data described materials that had 

subsequently been removed from the area. In this case, the older data no longer represent site conditions and 

were, therefore, not used in the RRE. Sampling data obtained from the Mound Soil Screening Facility were 

used except in the case where a sample was split and analyzed by both the Mound Soil Screening Facility and 

a commercial analytical laboratory. In such cases, the value from the commercial analytical laboratory was 

used to take advantage of the greater precision available from the commercial analytical laboratory. When a 

given sample was analyzed using both alphaand gamma spectroscopy methods the alpha spectrosmpy results 

were used to characterize the sample. 

a Parcel 4 Data Set Components: 

Project Code 

34896 

S WSD 

RSS 

SCRDATA 

SGCSP 

04-2768 

34897 

Description 

New Property 

Surface Water and Sediment 

Radiological Site Survey - OU9 Site 
Scoping Report 

Mound Plant Screening Data 

Regional Soils Investigation 

New Property Extended Phase 

Operable Unit 3 LFI 

Reference 

Operable Unit 5 Remedial Investigation 
Report, Final, Rev 0, February 1996 
Operable Unit 9 Surface Water and 
Sediment Investigation Report, 
Technical Memo, Rev 2, September 
1996 
Operable Unit 9 Site Scoping report 
Volume 3; Radiological Site Survey, 
Final, June 1993 
Not published 

Operable Unit 9 Further Assessment 
Soil Gas Confirmation Sampling, Final, 
Rev 0, May 1996 
OU 9 Regional Soils Investigation 
Report, Final, Rev 2, August 1995 
Operable Unit 5 Remedial Investigation 
Report, Final, Rev 0, February 1996 
Or 
Operable Unit 5 New Property 
Extended Phase I Field Report, Final, 

Comment 
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Samples were collected and analyzed according to the methods outlined in the Operable Unit (OU) 9 

Quality Assurance Project Plan (QAPP) (DOE 1993a) and the OU5 QAPP (DOE 1993b). Since some of the 

data used to characterize residual contaminant concentration in Parcel 4 were collected prior to 1993, not all 

data used in the risk assessment have undergone Quality Assurance/Quality Control (QAIQC) evaluation and 

data validation in accordance with the requirements described in the OU9 QAPP (DOE 1993a). 

~ 

2.2 Environmental Media Considered and Data Availability 

Field investigations conducted for Parcel 4 are listed above. Samples were analyzed for volatile 

organic compounds (VOCs), semi-volatile organic compounds (SVOCs), inorganic compounds, common 

- 

anions, polychlorinated biphenyls, and radionuclides. Environmental media evaluated include surface soil (0 

2 ft below land surface), subsurface soil (>2 feet below land surface), sediment, groundwater and air. Parcel 

4 does contain surface drainage ways but no persistent surface water. Since ditch sediments are typically dry, 

Ecotek 

MND33 

WDSOIL 

Groundwater 

Air 

sediment data was evaluated with the surface soil data. 

Current groundwater exposures were estimated using data collected from the Mound Plant Production 

Wells (Wells 271 and 076), which are finished in the BVA. The concentration of constituents in future 

groundwater was estimated using a flow tube model that assumes all contaminants currently detected in the 

Bedrock Aquifer of the Mound Plant property migrate to the BVA. Future estimated modeled contaminant 

WD Building Soil Characterization 

BVA Mound Production Well 
Sampling 

Bedrock aquifer monitoring well 
sampling 
1994 Site Restoration activities 

Rev 0, July 1995 
Operable Unit 3 Miscellaneous Sites 
Limited Field Investigation Report, 
Final, Rev 0 July 1993 

Compiled from the MEIMS database 
and reported in Release Blocks H and D __ _ _ _ _ _ _ _ _ -  - 
RRS reports. 
Mound Site Environmental Report for 
Calendar Year 1994, MLM-38 14, (DOE 
1994) 
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concentrations in the Bedrock Aquifer were added to the current maximum contaminant concentrations 

detected in the Mound Plant Production Wells. This method is described in more detail in Appendix B. The 

approach used to estimate potential cumulative risk from exposure to air is the same method as was used for 

Release Blocks D and H. Potential cumulative risks due to contaminants released to the air are discussed in 

more detail in Appendix A. 

2.3 . Data Analysis 

. - . _ -- _ ___________--____-_ - -  

For each constituent detected in Parcel 4 soils the 95% upper confidence limit ofthe mean (UCL) was 

calculated to estimate the concentration that receptors in the area may be exposed to. This is known as the 

Exposure Point Concentration or EPC. In groundwater, the 95% UCL was also calculated to estimate the 

current concentration that receptors may be exposed to. For future groundwater modeled values were used as 

the EPC. The Flow Tube model used to predict future contaminant concentrations is described in Appendix 

B. The 95% UCL was calculated in accordance with the Mound 2000 RREM (DOE 1997a), Gilbert's 

Statistical Methods for Environmental Pollution Monitoring (Gilbert 1987), and theSupplementa1 Guidance 

to RAGS: Calculating the Concentration Term (EPA, 1992a). Before calculating the 95% UCL the 

distribution of the data set was determined. If data were found to be normally distributed, the EPC was 

calculated as the 95% UCL of the arithmetic mean of the data, using the Student's t-statistic (EPA 1992a). If 

the data were found to be log normally distributed, the EPC was calculated as the 95% UCL using the H- 

statistic (EPA 1992a). The 95% UCL on the arithmetic mean for normal data sets were calculated as follows: 

95% UCL= Mean + t(s1n ") 

Where: 
UCL= upper confidence limit, 
t = t statistic (Table A2, Gilbert, 1987), 
s = standard deviation, and 
n = number of observation in the data set 

The 95% UCL equation of the arithmetic mean for log normal data sets were calculated as follows: 

95% UCL = e Mean + 0.5 s2 + H(s/(n-1) 112) 

Where: 
UCL = upper confidence limit, 
e = constant (base of the natural log, equal to 271 8 
n= mean of the transformed data 
s = standard deviation of the transformed data 
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H = H statistic (e.g., from table published in Gilbert 1987), 
n = number of observations in the data set 

If the 95% UCL exceeded the maximum value observed in the sampling results, the maximum value 

was used as the EPC for that constituent (whether the data were normally or log normally distributed). For 

both chemical and radiological constituents, "not detected" (ND, qualified as U or UJ) results were treated as 

one-half the limit of detection and included in the calculations of the mean and 95% UCL values. Samples 

reported as ND or zero with no detection limit were not utilized in calculating a 95% UCL. 

Blind field duplicates were collected to assess variability in the sampling process. Duplicate samples 

were used in the data quality assessment but were not included in the calculation of the exposure point 

concentrations. If a data set had less than twenty observations (n<20) the maximum detected concentration 

was used as the EPC. For radionuclides, zero or negative results with no detection limits were excluded from 

the data set. Data qualified as "J", or estimated values at concentrations less than the detection limit, were 

evaluated as half the detection limit. For "J" data, which was greater than the detection limit or reported 

without the sample detection limit, the value was used as reported. Samples reported as ND or zero with no 

detection limit were not utilized in calculating a 95% UCL. Data flagged with an"Rn, meaning rejected, were 

not used in calculating the EPC. 

2.4 Data Screening Process 

All constituents that were detected one or more times were listed in constituent summary tables and 

sorted by media and depth where they were detected. Soil data was also sorted by depth. The constituent 

screening methods described below were then used to generate a final list of constituents of potential concern 

(COPCs). The constituent summary tables also provide maximum detected concentrations, the range of 

contaminant detection limits, the frequency of detection and the decision and rationale to include or exclude a 

constituent from further consideration in the RRE. The following section describes how COPCs were 

selected. 

To make the COPC selection process easier to understand the COPC selection tables have been 

broken into two tables. The first table identifies initial COPCs by comparing the maximum concentration 

detected in a given media to background values and Mound Guideline Values (GVs) for the given receptor. 

The second table identifies final COPCs by comparing the exposure point concentrations for the initial 

a COPCs to background values. Tables 2.1 and 2.2 identify the COPCs in soil for the construction work&- 
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scenario and Tables 2.3 and 2.4 identify COPCs for the site employee scenario. Tables 2.5 and 2.6 identify 

the COPCs in current groundwater for the construction worker scenario and Table 2.7 and 2.8 identify 

COPCs in current groundwater for the site employee scenario. Tables 2.9 and 2.10 identify the COPCs in 

future groundwater for the construction worker scenario and Tables 2.1 1 and 2.12 identify the COPCs in 

future groundwater for the site employee scenario. 

2.4.1 Screening Constituents Based on Background 
__- _ -_______-  

Site-specific background concentrations described as the 95% Upper Tolerance Limit (UTL) of the 

background sample results for each constituent were calculated for Mound Plant soil and groundwater, and 

are presented in the Mound 2000 RREM (DOE 1997a). Constituents with a maximum detected concentration 

exceeding their level in background were identified as initial COPCs and carried tothe next screening step of 

the RRE. Constituents with maximum concentrations less than their background concentration were not 

carried though the RRE. If no background value was available for a particular constituent (e.g., many organic 

compounds), the constituent was carried through to the next screening step of the RRE. These background 

concentrations were also used to quantify background risk. 

For initial COPCs with a 95% UCL of the arithmetic mean less than the maximum detected value, the 

95% UCL was compared to background to determine whether the 95% UCL was below background. If the 

95% UCL was below the background value for the constituent, the constituent was not identified as a COPC 

in the RRE. Including constituents whose 95% UCL is less than background would cause that the 

incremental risk to be a "negative" risk. Eliminating these constituents is consistent with the Mound 2000 

RREM and focuses the RRE on constituents detected above background. 

2.4.2 Screening Constituents Based on Guideline Values 

Soil and groundwater constituents with maximum detected concentrations greater than background 

concentration were compared to risk-based Guideline Values (GVs) for the Mound Facility (DOE 1997~). 

GVs are media-specific concentrations of constituents that correspond to specific human health risk lewls for 

specified exposure scenarios. GVs were developed for construction worker and site employee scenarios (see 

DOE 1997c for the detailed derivation of GVs). Construction worker and site employee GVs, were used to 

screen detected constituents as COPCs to be retained for the quantitative risk assessment for each of the 

identified receptors. 
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The GVs used to screen COPCs were developed specifically for Mound, and were approved by the 

DOE, the U.S. EPA, and Ohio EPA. The GVs correspond to the 1 .oxlo-6 risk level for carcinogens and 

radionuclides, and to a Hazard Quotient (HQ) of one for each non-carcinogenic constituent. Some of the 

radionuclide GVs are designated as +D to indicate that cancer risk estimates and GVs include contributions 

from the radionuclide's short-lived decay products, or daughters. These calculations assumed equal activity 

concentrations (i.e. secu!ar equilibrium) with the principal or parent nuclide in the environment. For Parcel 4 

+D GVs were used for actinium-227+D neptunium-237, radium-228, strontium-90 uranium-235 and 

1997c) due to updated toxicity criteria or lack of a previously calculated GV. The calculations for these 

updated GVs are provided in Appendix C. 

A 1x10-6-risk level represents an incremental increase of one in a million of developing cancer as a 

result of exposure to the GV concentration. A Hazard Quotient of one indicates that from an exposure at or 

below the given concentration, no adverse effects to humans are expected. Since the target risk level for 

carcinogenic constituents specified in the NCP is a range of 1x10-4 to 1x10-6 (1 in 10,000 to 1 in a million), 

screening COPCs against the whole GV is protective. The target threshold for non-carcinogenic constituents 

is a Hazard Index (HI) of less than or equal to one. The GV values were calculated for a HI of one. To 

account for the possibility of more than one non-carcinogenic constituent, COPCs were screenedusing 111 0 

the GV. Carcinogenic or radioactive constituents that exceed their GVs and non-carcinogenic constituents 

that exceed one-tenth of their GV were carried to the next step of the RRE. 

2.4.3 Screening Constituents Based on Frequency of Detection 

Constituents detected at concentrations above Mound background levels and above applicable GVs 

were next evaluated for their frequency of detection. Infrequent detection was defined asfive percent or less. 

This is equivalent to one detect in 20 samples. Ifthere were an insufficient number of samples (e.g. less than 

20) to determine whether the frequency of detection is five percent or less, the contaminant was not 

eliminated on the basis of frequency of detection. 

2.4.4 Screening Constituents Based on Essential Human Nutrients 

According to RAGS Part A (EPA 1989): "Chemicals that are (1) essential human nutrients, (2) 

present at low concentrations (i.e., only slightly elevated above naturally occurring levels), and (3) toxic only 

at very high doses (i.e., much higher than those that could be associated with contact at the site) need not be 
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considered further in the quantitative risk assessment." Inorganic analytes meeting this description were not 

carried through the RRE. Calcium, chloride, iron, magnesium, potassium, and sodium are considered 

essential nutrients to humans. These compounds were detected in the Parcel 4 area at levels below or slightly 

elevated above background and are toxic only at very high doses. Concentrations of these compounds in o n  

site media would not be expected to result in intakes associated with a toxic response. Therefore, these 

compounds were eliminated as COPCs for the Parcel 4 area. 

In accordance with the RREM, additional screening procedures also were used to evaluate Parcel 4 

area constituents. For example, in accordance with EPA's Functional Guideline for Organics (EPA 1988) if a 

blank contains measurable levels of a common laboratory contaminant, then the associated sample results 

were considered as positive results only if the concentration in the samples exceeded ten times the 

concentration in the blank. If the concentration of a common laboratory contaminant was less than ten times 

the blank concentration, the constituent was considered to be an artifact of laboratory handling and was not 

included in the RRE. Common laboratory contaminants include acetone, 2-butanone, methylene chloride, 

toluene and ~hthalate esters. 

2.4.6 Screening Procedures for Future Groundwater 

To estimate the future concentration of COPCs in groundwater the flow tube model was applied to 

bedrock well data based on the maximum concentration detected. This procedure is discussed in detail in 

Appendix B. In accordance with the RREM, an initial screen was necessary to determine which constituents 

were to be carried through the flow tube model. All constituents detected in the bedrock wells were screened 

for frequency of detection as well as a comparison to the background and GV values. Those constituents that 

exceeded these criteria were retained for flow tube modeling. In addition, those constituents that were 

COPCs in the current groundwater RRE were retained for flow tube modeling. To obtain a final estimated 

future groundwater concentration for each COPC the maximum concentrations detected in a given bedrock 

flow tube was added to the maximum concentration detected in the production wells. The estimated future 

maximum constituent concentrations in the BVA are presented in Appendix B. 
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a 3.0 EXPOSURE ASSESSMENT 

The goal of the RRE exposure assessment is to estimate the type and magnitude of contaminant 

exposures that may occur under current conditions with the area being used for recreational purposes and in 

the future assuming that the area is developed for residential use. The information gathered in the exposure 

assessment is integrated with toxicity information to characterize potential risks associated with exposure to 

tesidual contamination in the Parcel 4 area. 

3.1 Characterization of Exposure Setting 

Parcel 4 consists of 95.2 acres located immediately south of Operable Unit (OU) 5, the Mound Plant 

Production Area. On August 26, 1981 the DOE purchased an additional 124 acres of land contiguous with 

and south of the original 182 acres at Mound Plant. The new property was bounded by the Mound Plant to 

the north, private property to the east, Benner Road to the south and the Miami Erie Canal to the west. The 

land had been in use for agricultural purposes. Following purchase of the property in 1981, DOE razed a 

two-story brick house, a barn, a frame tool shed and an outhouse and disposed some farm implements and 

discarded appliances left by the previous owner. A farm fence was put up around the perimeter of the new 

@ property. in 1999 the north property line of this area was shifted slightly to the south to exclude an area of 

known contamination south of an east-west road running along the southern boundary of the Mound Plant 

production area. The remaining 95.2 acres is now called Parcel 4. 

Parcel 4 remains undeveloped with the exception of a construction gate, a gravel road from Benner 

Road and gravel-surface parking area, a contractor storage area, and an above ground power line running 

approximately north-south through the center of the property. Topographically the land can be described as 

gently rolling in the southwest with steeply sloped bluffs in the northwest where Parcel 4 abuts to the Mound 

Plant production area.   here are natural drainage channels within Parcel 4 but no continuously running 

surface water. An archaeological survey of Parcel 4 was conducted in 1987. Two sites of archaeological 

interest were discovered, however, neither was regarded as being eligibility for the National Register, and no 

further work was recommended at either location (Riordan 1987) 

PRS 306, 3 14 and 406 are located in Parcel 4. PRS 306 is a ground water seep located along the 

eastside of Parcel 4 approximately mid-way between the northern and southern boundaries. PRS 3 14 is an 
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area that contained farm debris and was the location of potential oil releases from previous farm operations. 

@ PRS 406 is a tongue-shaped area of potential radiological contamination in thenorthern end of Parcel 4 and ' 

on the Mound Plant property. PRS 406 was investigated and a surface water interceptor ditch was installed in 

August and September 1995. The Operable Unit 5 New Property Remedial Investigation Report(RIR) (DOE 

1996) concluded that no further assessment was needed for Parcel 4. 

3.2 Identifying Exposure Pathways 

Although many exposure pathways are possible, the RRE focuses on those pathways that are likely to 

occur and are likely to contribute significantly to the overall risk. When identifying exposure pathways it is 

important to keep in mind the four elements of an exposure pathway. An exposure pathway consists of: (1) a 

source of chemical releases, (2) a transport media, (3) a point of potential human contact with the 

contaminant or contaminated media, and (4) an exposure route (e.g. ingestion). If any of these elements is 

missing or eliminated, the pathway will be incomplete and exposure will not occur. 

A pictorial representation of the exposure pathways identified for potential receptors are included in 

as conceptual site model for the Parcel 4 (Figure 3.1). The conceptual site model summarizes the pathways 

that hazardous substances may take to reach potential receptors. Exposure assumptions used to evaluate 

potential exposure pathways were drawn from the Mound PlantRisk-Based Guideline Values (DOE 1997~) 

and the Mound 2000 RREM (DOE 1997a). Exposure assumptions used to quantify contaminant exposures 

are summarized in Table 3.1. 

3.3 Identifying Exposure Scenarios 

Residual contamination in the Parcel 4 was evaluated for two potential use scenarios. Residual 

contamination in the Parcel 4 area was evaluated for adult construction workers and adult site employees. It 

was assumed that construction workers and site employees could potentially be exposed to soil, groundwater 

and air. The evaluation of risk associated with exposure to residual contamination in the Parcel 4 area for 

these receptors will indicate whether economic redevelopment can be safely conducted in the area. 

3.3.1 Construction Worker Scenario 

. . 

Since it is reasonable to assume that construction activities could occur wihin the Parcel 4 area, adult 
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construction workers were identified as potential receptors. During construction activities these receptors 

could be exposed to residual contamination present in soil at or below the land surface. Potential exposure 

pathways include incidental soil ingestion, dermal contact, external radiation exposure, and inhalation of 

airborne dust and vapors. Although the possibility of dermal exposure to surface and subsurface soil does 

exist for a construction worker, quantification of risk from this route of exposure requires both a chemical- 

specific skin absorption value and dermal toxicity value. Of the COPCs identified for Parcel 4, chemical- 

specific skin absorption factors are currently available for only benzo(a)pyrene and other polycyclic aromatic 

hydrocarbons (PAHs). The use of dermal default absorption values for inorganic compounds -- is currently not 

recommended by EPA (EPA 1999). For many chemicals, including most of the Parcel 4 COPCs, 

scientifically defensible data does not exist to derive a dermal toxicity value or for making an adjustment of 

on oral cancer slope factor (CSF) or reference dose (Rfl)) to estimate a dermal toxicity value. Without these 

critical input parameters, risk due to dermal exposure to soil cannot be quantified. However, EPA 

recommendations for the adjustment of toxicity factors for PAHs were used. The exclusion of inorganic 

compounds and radionuclides from this pathway is expected to have a minimal impact on the final riskbased 

calculations because human exposure to these compounds in soil is generally driven by other pathways of 

exposure, such as external exposure or incidental ingestion. 

It was also assumed that construction workers would use BVA groundwater for drinking water supply 

@ and for showering. Exposure pathways include ingestion and inhalation of vapors and dermal contact with 

groundwater while showering. Construction workers were assumed to be on the property 8 hours per day, 

250 days per year over a 5-year period. Since construction workers are assumed to be adults, a body weight 

of 70-kilogram was used to assess exposure to chemical contaminants. 

Current and future exposure scenarios for the construction worker scenario are identical except for 

groundwater. In order to estimate the future contaminant concentrations in groundwater, the modeled future 

estimated concentration of contaminants detected in the bedrock aquifer were added to current contaminant 

concentrations in the Mound Plant Production wells. Exposure pathways evaluated for the construction 

worker for both current and future scenarios, include: 

• incidental ingestion of soil at or below land surface; 
• external exposure to ionizing radiation from radionuclides in soil at or below land surface; 
• inhalation of airborne contaminated dust; 
• inhalation of volatile emissions from soil; 
• ingestion of contaminated groundwater as drinking water; 

- - inhalation of volatile contaminants from groundwater while showering at-work; a 
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dermal contact with soil at or below land surface; and 

dermal contact with contaminated groundwater while showering at work. 

The parameters used to evaluate these pathways and their references are provided in Table 3.1. 

3.3.2 Site Employee Scenario 

Althoughexposures will vary depending on the type of work performed, it is reasonable to assume 

that a site employee at Parcel 4 will be exposed to residual contamination left on the property. The exposure 

routes evaluated for the site employee are similar to those evaluated for the construction worker except the 

site employee is assumed to work indoors and therefore have less exposure to site soil. Potential soil 

exposure pathways include incidental soil ingestion, external radiation exposures and inhalation of airborne 

dust and vapors. Site employees were assumed to use BVA groundwater for potable supply, but are not 

expected to shower at work. Site employees were assumed to be on the property 8 hours per day, 250 days 

per year over a 25-year period. Since site employees were assumed to be adults, a body weight of 70- 

kilogram was used to assess exposure to chemical contaminants. The exposure pathways evaluated for the 

future site employee include: 

incidental ingestion of soil 0-2 feet below land surface; 

a external exposure to ionizing radiation from radionuclides in soil 0-2 feet below 

land surface; 

a inhalation of airborne contaminated dust; 

a inhalation of volatile emissions from soil; 

a ingestion of contaminated groundwater as drinking water; 

The parameters used to evaluate these pathways and their references are provided in Table 3.1. 

3.4 Exposure Point Concentrations 

Exposure point concentrations (EPC) are the concentrations of contaminants available to human 

receptors at the point of contact. The EPC for soil and current groundwater used in the RRE was calculated as 

the 95% UCL of the arithmetic mean of the data, using the Student's t-statistic. If the data were found to be 

1% 

normally distributed, the RME estimate was calculated as the 95% UCL using the H-statistic (EPA 1992a). 
. . - .  . . . - 
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Only surface soil data (0-2 feet below land surface) were used to calculate the EPC for the site 

@ '  employee. Site employees are assumed to spend most of their time indoors and have limited contact with 

surface soil. Construction workers were assumed to be exposed to both surface and subsurface soil. 

Therefore, the EPC for the construction worker was calculated using soil sample data collected at any depth. 

3.5 Human Intake Equations And Assumptions 

~is-section-presents-the-exposure-equations-and-assumptions-used-to-derive contaminant=specific 

intake estimates for the populations and exposure pathways evaluated in the risk assessment. The use of the 

intake equations presented in this section is in accordance with methods presented byEPA in RAGS Part A 

(EPA 1989) and the RREM presented in Mound 2000 (DOE 1997a). Exposure assumptions have been 

developed to represent high-end RME conditions. Exposure assumptions for each of the potential receptors, 

and corresponding guidance or rationale used in this assessment are presented in Table 3.1. 

For chemicals, exposure generally refers to the intake (e.g., inhalation, ingestion, d m a l  exposure) of 

the chemical, expressed in units of mgtkg-day. Toxicity values for chemicals are generally expressed in these 

terms; therefore, the product of the intake estimate with the toxicity value yields a risk value. There is a 

fundamental difference between exposures to chemical contaminants as compared to radionuclide 

contaminants. Radionuclides can have deleterious effects on humans without being taken into the body. 

Radiation exposure can result from exposure to gamma and x-ray emitting radionuclides that are external to 

the receptor. 

The approach used to estimate intake for chemical contaminants largely applies to radionuclides. 

However, there are a few key differences in the methods. For example, in addition to the ingestion, 

inhalation, and direct contact pathways considered for chemical contaminants, external exposure to 

penetrating radiation was also evaluated for radionuclides. Equations for estimating the intake of 

radionuclides have been modified by omitting the body weight andaveraging time from the denominator. 

The slope factors for radionuclides are expressed as the average risk per unit intake or exposure for an 

individual in a stationary population; therefore, radionuclide intakes and slope factors are not expressed as a 

function of body weight and time. 

Another key difference in the method used to assess radiological risk is the inclusion of short-lived 

decay products, or daughter products, for radionuclides designated with the suffix +D. The calculation of risk 
- .  

a for radioactive decay chain products assumed equal activity concentrations (i.e. secular equilibrium) with the 
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principal or parent nuclide in the environment. Risk calculations for decay chain products were assessed by 

summing the ingestion, inhalation, and external slope factors for the parent radionuclide and decay members 

of continuous decay chains (EPA 2000). 

Chemical intakes from oral and inhalation exposure are expressed as the amount of chemical at the 

exchange boundary (e.g., skin, lungs, intestine) that is available-for absorption. These intakes are not 

equivalent to the absorbed dose (the amount of chemical actually absorbed into the blood stream). Dermal 

doses are expressed as estimates of absorbed dose. The toxicological reference values used to calculate risk 

have been adjusted to account for this difference; however, this discrepancy is a source of uncertainty when 

comparing or combining dermal doses with intakes from other exposure routes. 

3.5.1 Soil Exposure Pathways 

Exposure to soil through incidental ingestion was evaluated for construction workers and site 

employees under current and future land use scenarios. Intake estimates for the chemical contaminants in the 

soil ingestion pathway were estimated by means of the following equation: 

Where: 

Intake (mg / kg - day) = Cso x IR x EF x ED x CF 
B W x A T  

CSO = Contaminant concentration in soil ( m a g )  

IR = Ingestion rate (mglday) 

EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) ' 

CF = Conversion factor ( I  0-6 kglmg) 

BW = Body weight (kg) 

AT = Averaging time for cancer and non-cancer effects (days) 

Radionuclide intake estimates for the soil via incidental ingestion was estimated by means of the following 

equation: 

Intake (pCi) = C s o ~ I R x E F x E D x C F  

Where: 
- 

CSO - Radiological activity in soil (pCi/g) 
IR = - Ingestion rate (mglday) 
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EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

CF = Conversion factor (10-3 gtmg) 

Unlike inhalation and ingestion exposure to soil, the external radiation exposure term is defined as an 

equivalent radionuclide concentration in soil that an onsite receptor would be exposed to for a particular 

duration. This exposure term is adjusted for exposure time and shielding. For the Parcel 4 area RRE a 

default-shielding factor of 20% for the site employee - -- and 10% for the construction worker scenarios were 

assumed. These assumptions provide for a conservative estimate of external radiation exposure. 

The intake equation for radionuclide contaminants via the external exposure pathway was estimated 

using the following equation: 

IRext (~CiJg-yr) CSO x EDex x (I-Se) x Te 
- - 

Where: 

I b x t  = External exposure contact rate (pCi-yrlg) 
Cso = Radiological activity of soil (pCi1g) 

EDex = Exposure Duration x 0.685 (days workedldays in a year= 2501365) (year) 

Se = Gamma Shielding Factor (unitless) 

Te = Gamma Exposure Time Factor (unitless) 

Intake of soil (fugitive dust) via inhalation was evaluated for construction workers and site employees 

under current and future use scenarios. The intake equation for chemical contaminants by this means is 

provided below: 

Intake (mg / kg - day) = Cso x IRair x EF x ED 
PEF x BW x AT 

Where: 
- 

cso - Contaminant concentration in soil (mglkg) 
IRair = Inhalation rate (m3/day) 

EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

PEF = Particulate emission factor (4.28 x 109 m3/kg, EPA default value) 

- BW = Body weight (kg) . - 
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AT = Averaging time for cancer and non-cancer effects (days) 

The intake equation for radionuclide contaminants via inhalation of fugitive dust was estimated using 

the following equation: 

Intake (pCi) = C,, x I k ,  x EF x ED x CF 

PEF 

Where: 

CSO = Radiological activity in soil (pCi/g) 
IRair = Inhalation rate (m3/day) 

EF = Exposure frequency (dayslyear) 

ED = Exposure duration (years) 

CF = Conversion factor (1 000 gfkg) 

PEF = Particulate emission factor (4.28 x 109 m3/kg, EPA default value) 

The PEF relates the concentration of the contaminant in soil to the concentration of respirable 

particles in the air from fugitive dust emissions. These emissions result from wind erosion. The default value 

of 4.28 x 109 m3/kg was taken from Risk-Based Guideline Values (DOE 1997~). 

Volatilization of chemical contaminants from soils may result in exposures via inhalation for 

construction workers and site employees; however, no volatile COPCs were identified in the Parcel 4 area. 

Therefore, this pathway was not evaluated for chemical constituents. 

3.5.2 Groundwater Exposure Pathways 

Intake from the ingestion of groundwater was evaluated for construction workers and site employees 

under current and future use scenarios. The current concentration of contaminants in groundwater was 

derived from concentrations detected in the Mound Plant Production wells. The future concentration of 

contaminants in groundwater assumes that all contaminants detected in the bedrock wells will migrate to the 

BVA and be withdrawn at the Mound Plant Production wells. Historical and current bedrock well 

contamination was screened and modeled to predict future contribution to the BVA from bedrock using a 

Flow Tube Model. This future bedrock estimated concentration was then added'to the maximum detected 

contaminant concentrations in the Mound Plant Production Wells to provide the estimated h r e  contaminant 

concentrations in groundwater used to calculate future groundwater risk. The discussion of the Flow Tube 
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Model and future bedrock estimated concentrations and total future estimated groundwater concentrations are 

presented in Appendix B. Risk was then calculated for current and future intake of groundwater under the 

construction worker and site employee scenarios. The following equation was used to estimate current and 

future intake of chemical COPCS from the ingestion of groundwater as a drinking water source for both the 

construction worker and the site employee: 

Constituent Intake (mg i kg - d) = C w x I R W x E F x E D  
B W x A T  

. . ..-- -. 
- c w  - constituent concentration in water (mi&) 

IRw = ingestion rate (Llday) 

EF = exposure frequency (dayslyear) 

ED = exposure duration (years) 

BW = body weight (kg) 

AT = averaging time (days) 

In addition to groundwater ingestion the construction worker was assumed to shower at work. While 

showering, workers were assumed to have dermal exposure to contaminants in groundwater and to inhale 

volatile contaminants while showering. The dermal absorbed dose from dermal contact withconstituents in 

groundwater was calculated as follows: 

Constituent DAD (mg / kg - d) = mevent x EV x EF x SA x 
ED 

BWTAT 
Where: 

DAD = 

DAevent 
EV = 

EF = 

SA = 

ED = 

BW = 

A T  = 

dermal absorbed dose (mglkg-day) 
- - absorbed dose per event in water (mg/cm2-event) 

events per day (day-1) 

exposure frequency (dayslyear) 

surface area of skin exposed (cm2) 

exposure duration (years) 

body weight (kg) 

averaging time (days) 

For inorganics, DAevent (mg/cm2-event) was calculated as follows: 
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Where: 

DAevent 
- - absorbed dose per event in water (mglcm2-event) 

- 
K~ - chemical-specific permeability coefficient (cmhr) 

- 
c w  - concentration of chemical in water (mg/L) 

- 
b e n t  - duration of event (hrlevent) 

For organics, DAevent (mglcm2-event) was calculated as follows: 
--- - - - -- -- -. -- -- -- 

Where: 

DAevent 
- - absorbed dose per event in water (mglcm2-event) 

- 
K~ - permeability coefficient from water (constituent-specific, cmhr) 

- 
c w  - concentration of chemical in water (mglcm3 = 10-3 mg/L) 

- 
kvent - duration of event (hrlevent) 

T - - lag time (hour) 

n - - constant (3.14 1 59) 

Constituent-specific permiability coefficient values (Kp) and the formula for the calculation of 

Kp was taken from Chapter 5 of Dermal Exposure Assessment: Principles and Applications (EPA 

1992b). If a Kp was not found, it was calculated using the following formula: 

log (PC) = -2.72 + 0.71 log ( b l W )  - 0.0061 MW 

Where: 

log PC = log of the constituent-specific permeability coefficient 

b l w  
- - octanol/water coefficient (constituent-specific) 

MW - - molecular weight (glmole) 

The following equation was used to calculate the intake of radionuclides from dermal contact with 

water: 
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Where: 

c w  
SA 

K~ 
EF 

ED 

- - - - - - . ETs - - - - - - - - 

- - concentration of contaminant in water (pCi/L) 
- - surface area of skin exposed (cm2) 
- - chemical-specific permeability constant (cmfhr) 

- - exposure frequency (dayslyear) 

- - exposure duration (years) 

- - duration of event~hourslday) 
- - - A - - -. - - - - - - - -  

The following equation will be used in the RRE to calculate chemical contaminant intake from 

inhalation during showering: 

C x K x I R  x E F x E D x E T x C F  
Intake (m k g  - 4 = air 

BW x  AT 

Where: 

c w  
K 

IRair 
EF 

ED 

ET 

CF 

BW 

AT 

contaminant concentration in water (mg/L) 

volatilization factor ( ~ l m 3 )  

inhalation rate (m31d) 

exposure frequency (dyr.) 

exposure duration (yr.) 

exposure time (hrld) 

conversion factor (1 d 2 4  hr) 

body weight (kg) 

averaging time (yr x 365 dlyr.) 

Tritium is the only radionuclide present at the Mand Plant that is volatile enough that its vapor needs 

to be considered for the inhalation pathway. The following equation was used to calculate tritium intake from 

inhalation during showering: 

L 
Intake(pCi)=Cw xIRair xEFxEDxM total xETsx- 

1 ooog 

Where: 

c w  
- - Tritium concentration in water (pCi/L) 

IRair = inhalation rate (m31d) 
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EF = exposure frequency (dlyr) 

ED = exposure duration (y) 

M ~ o t a l  = airborne mass concentration of water in shower (66.96 g/m3, 

HAZWRAP, 1995) 

ETs = shower duration (hrld) 
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4.0 TOXICITY ASSESSMENT 

The objectives of the toxicity assessment are to identify and select toxicological values for use in 

estimating the significance of the exposure and to evaluate potential adverse effects associated with exposure 

to compounds detected in Parcel 4. The RRE for the Parcel 4 area evaluated chronic exposures. The RRE 

utilized methods recommended by EPA for evaluating human cancer effects resulting from exposure to the 
-- -- - -- 

COPCs. Toxicity criteria used in the RRE were obiain%-bfrii%iihem63 current update of the EPA-Integratedp- -- - 

Risk Information System (IRIS) or, if the information was not available in IRIS, the EPA Health Effects 

Assessment Summary Tables (HEAST). IRIS is an electronic database containing the most current 

descriptive and quantitative EPA regulatory information on chemical and radiological constituents. 

Constituent files maintained in IRIS contain information related to noncarcinogenic and carcinogenic heath 

effects of constituents. HEAST is a published reference, updated periodically by EPA. HEAST contains 

slope factors needed to evaluate the carcinogenicity of radionuclides. Table 4.1 presents a summary of 

toxicological criteria used along with the chemical-specific characteristics used to estimate dermal absorbed 

dose and the concentrations present in vapors or dust. 

• In assessing the potential for non-cancer health effects, EPA assumes that there is a threshold below 

which no adverse toxic effects are expected. For example, a toxic threshold would exist if a substance had no 

toxic effect at a certain level of exposure, but did have a toxic effect at a higher level. EPA derives and 

publishes reference doses (RfDs) and reference concentrations (RfCs) for use in evaluating adverse non- 

carcinogenic effects. These are estimates (with uncertainty spanning an order of magnitude or greater) of 

daily human exposures, including sensitive sub-populations, that may go without appreciable deleterious 

effects during a lifetime (EPA 1989). EPA derives RfDs and RfCs for humans, based on estimates ofthe no 

observable-adverse-effect-level (NOAEL) or lowest-observable-adverse-effect-level (LOAEL) observed in 

test organisms. EPA classifies all radionuclides as carcinogens and the process of carcinogenesis is generally 

thought to be a phenomenon without a threshold for effect (EPA 1989). The basis for this presumption is that 

an extremely low level of exposure to some carcinogens may result in chromosomal or enzyme changes 

leading to uncontrolled cellular proliferation, or cancer. EPA does not therefore, estimate an effect threshold 

for carcinogenic chemicals. EPA uses a two-part evaluation for carcinogens. First the constituent is assigned 

a weight-of-evidence classification based on both epidemiological evidence of carcinogenic effects and 

- laboratory tests conducted with animals. Then a cancer slope factor (CSF), is calculated. The HEAST lists 
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ingestion, inhalation, and external exposure CSF for radionuclides in the units of picocuries (pCi). Ingestion 

and inhalation slope factors are central estimates in a linear model of the age-averaged, lifetime-attributable 

radiation cancer incidence (fatal and nonfatal) risk per unit of activity inhaled or ingested. The slcpe factor is 

a plausible upper-bound estimate of the slope of the dose-response curve in the low dose range. In risk 

assessment, the cancer slope factor is used to estimate the excess lifetime probability of a carcinogenic effect 

occurring in exposed receptors. 

- 4;l--- Toxicity Values for Evaluating'the-Dermal-Pathway - - - -. - . - - - - . - - - - - - - - - - - - - - 

Toxicological reference values are available only for the oral and inhalation pathways and the 

majority of these values are based on intake (i.e., administered dose) rather than an absorbed dose. Because 

the intake equation for the dermal contact pathway calculates absorbed dose (by incorporating a dermal 

absorption factor or a permeability coefficient), it is necessary to convert be administered dose toxicity value 

to an absorbed dose toxicity value in order to calculate risk. For non-carcinogens, the administered dose 

toxicity value (i.e., the RfD) was multiplied by the gastrointestinal absorption factor. For carcinogens, the 

slope factor was divided by the gastrointestinal absorption factor. For the Parcel 4 RRE oral administered- 

dose EPA recommended compound-specific gastrointestinal absorption factors used for adjusting toxicity 

values were only available for PAHs. 
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a 5.0 RISK CHARACTERIZATION 

This section presents the risk characterization for the Parcel 4 area. In risk characterization 

information from the exposure assessment (Section 3) is combined with information from a toxicity 

assessment (Section 4) to characterize human health risks. 

5.1 Risk Characterization Methods 
- _ - _ _ _ _ - _ _ _  _~ _ _ _ _ _ _ _  - - - -- . - -. 

Risk characterization integrates the exposure and toxicity assessments by comparing estimates of 

intake or dose with appropriate toxicity values. This in turn provides an indication of the potential for 

adverse effects to exposed receptors. The objective of the risk characterization is to determine if exposure to 

contaminants associated with the site poses risks that exceed EPA target levels for human health effects. The 

results of the risk assessment may thus support the determination of site release or the need for site 

remediation. 

The RRE reports the incremental risk, total risk, and risk from background for each contaminant 

evaluated in Parcel 4 Area. The incremental risk is the risk posed by siterelated contamination above the risk 
@ posed by background environmental levels. Background risk is the risk resulting from sources other than the 

Mound-related residual contamination. Site-specific background values are provided in the Mound 2000 

RREM (DOE 1997a). The Mound 2000 background values that correspond to the Parcel 4 COPCs were used 

as the EPCs to determine background risk. Total risk is the sum of the background and incremental risk. 

This risk characterization presents a separate evaluation of non-carcinogenic and carcinogenic effects. The 

assessment distinguishes cancer from non-cancer effects because organisms typically respond differently 

following exposure to carcinogenic or non-carcinogenic agents. Quantification methods for cancer and norr 

cancer effects are discussed separately in the following sections. 

5.1.1 Quantification of Carcinogenic Risk 

Cancer risks are probabilistic estimates of the excess (incremental) lifetime cancer risk for an 

individual specifically attributable to long term exposure to site-related chemicals. The procedure for 

calculating risk associated with exposure to carcinogenic compounds has been established by EPA (EPA 

1989). A non- threshold, dose-response model was used to calculate a cancer slope (potency) factor for each 
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COPC. To derive an estimate of risk, the cancer slope factor was multiplied by the estimated chronic daily 

@ intake experienced by the exposed individual: 

Risk = CDI x CSF 

Risk = High end estimate of the excess lifetime cancer risk to an individual (unitless probability) 

CDI = Chronic daily intake averaged over an established period (mgkg body weightlday) 

CSF = Cancer slope factor (95% upper-bound estimate of the slope of the dose-response curve) 

expressed as (mgkg body weightlday)-1. 

To evaluate the risk of exposure to more than one carcinogenic COPC, the risk estimates for each 

COPC were summed to provide an overall estimate of total carcinogenic risk (EPA 1989). 

n 
Risk = Riski 

t i =  1 

Where: 

 risk^ = The combined excess lifetime cancer risk across chemical carcinogens 

Riski = The risk estimate for the ith chemical of n chemicals under evaluation. 

5.1.2 Quantification of Non-carcinogenic Risk 

The traditionally accepted practice of evaluating exposure to non-carcinogenic compounds has been 

to experimentally determine a NOAEL and to divide this by a safety factor to establish an acceptable human 

dose, for example, acceptable daily intake or RfD. The IUD is then compared to the average daily intake 

experienced by the exposed population to obtain a measure of concern for adverse non-carcinogenic effects: 

Where: 

HQ = Hazard Quotient: potential for adverse non-carcinogenic effects 
. . 

Intake = Average daily intake for subchronic or chronic exposure (mgkg body weight/day) 
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RfD = Acceptable intake for subchronic or chronic exposure (mgikg body weightlday). 

To evaluate exposure to multiple non-carcinogenic COPCs the HQs for all COPCs were summed to 

obtain the Hazard Index (HI). 

-- Where: - _ - -- - .- - - -. - - -- 

HI = Hazard Index 
- HQi - Hazard Quotient for the ith chemical of n chemicals under evaluation. 

EPA has established target risk levels for use in determining the need for site remediation. For non- 

carcinogenic effects, EPA has set the target HQ at one. If the HQ is >1, there is the potential for adverse 

health effects at the given exposure/dose level, but the HQ value is not an indication of the severity of the 

effects. For multiple non-carcinogens, the HQs for all of the chemicals under evaluation are summed 

resulting in the HI. If the HI is > 1, the potential also exists for adverse health effects resulting from exposure 

to mixtures of chemicals. In cases where the HQ for individual substances is below 1 yet several HQs sum to 

greater than 1, EPA recommends segregating the compounds into groups with like or common toxicological 

effects and re-evaluating the potential for the various adverse health effects. In cases where HQs for 

individual substances are greater than 1, this step is not necessary or useful. 

5.2 Risk Characterization Results 

The following sections present the risk characterization results for the Parcel 4 by potential receptor. 

Risk estimates for individual soil COPCs for all scenarios and pathways are presented in Tables 5. lthrough 

5.6. Tables 5.1 through 5.3 present soil risk estimates based on construction worker exposure parameters, 

and Tables 5.4 and 5.6 present soil risk estimates based on site employee exposure parameters. Total risk was 

calculated using the total concentration of the COPCs detected in Parcel 4. Background risk was based on 

background levels of the COPCs and incremental risk was calculated using the difference between total and 

background levels. Incremental risk can be used to assess the increase inrisk above background levels due to 

Mound Plant operations. Tables 5.19 through 5.2 1 present summaries of the risk results for all scenarios and 

media for exposure pathways assessed in the RRE. 
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Residual risk due to exposure to groundwater was assessed using the original database and method as 

presented in the RRE for Parcel H (DOE 1997b) and updated and combined with current data for both current 

and future RRE of groundwater. Appendix B presents the methodology for calculation and values of the 

future groundwater COPCs. Risks due to exposure to current and future groundwater are presented in Tables 

5.7 through 5.15. In the summary Tables 5.19 through 5.2 1, risk estimates that are at or above the noncancer 

HI of 1 and the cancer target risk level of 10-6 are bolded. 

Final COPCs for soil for the construction worker are identified in Table 2.2. Tables 5.1 through 5.3 

present total, background, and incremental risk for a construction worker in Parcel 4, respectively. Total 

residual non-carcinogenic risk for a construction worker due to COPCs in soil was 0.25, which is below the 

target HQ of one. Most of this risk (0.20 or 83%) is due to antimony. Background and incremental residual 

non-carcinogenic risk for a construction worker due to COPCs in soil also fell below the target HQ of one. 

Total and incremental residual cancer risk from soil for a construction worker in Parcel 4 is 2.0~10-5, which 

falls within the target risk range of 10-4 to 10-6. Background residual risk from soil for a construction @ worker in Parcel 4 was 2.3~10-8 and is based only on background concentrations of plutonium-238. 

Incidental soil ingestion is the exposure pathway that contributes most significantly to residual cancer risk. 

Incidental soil ingestion contributes 80% of the total residual cancer risk for a construction worker in Parcel 4 

soil. 

Current Groundwater 

Final COPCs for current groundwater for the construction worker are identified in Table 2.8. Total, 

background and incremental risk for a construction worker exposed to current groundwater is presented in 

Tables 5.7 through 5.9. Total and incremental non-carcinogenic residual risk from current groundwater for 

the construction worker is 1.4 and 1.3, respectively. These values exceed the target HI of 1. Antimony is 

responsible for 79% of the current groundwater nowcarcinogenic risk. Current background non-carcinogenic 

residual risk for the construction worker due to exposure to groundwater is 0.017, which does not exceed 

target non-carcinogenic risk. Current total and incremental carcinogenic risks associated with exposure to 

groundwater is 1.6~10-6, which falls within the target risk range of 1@4 to 10-6. Cadmium is responsible for 

100% of carcinogenic risk via the inhalation pathway. 
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Future Groundwater 

Final COPCs for future groundwater for the construction worker are identified in Tabie 2.10. Totai, 

background and incremental risks for the construction are presented in Tables 5.13, 5.14 and 5.15, 
-- respectively~Total-residual-non=carcinogenic-risk-from-hture-groundwater for the-construction-worker was 

26. Background residual non-carcinogenic risk from hture groundwater for the construction worker scenario 

was 11 and increment residual non-carcinogenic risk from future groundwater was 14. Total, background 

and incremental non-cancer risk for the construction worker exceed the target Hazard Index (HI) of 1. Future 

total and incremental carcinogenic residual risk from groundwater for the construction worker scenario was 

1.4~10-2, which exceeds the target risk range for carcinogens. Background residual carcinogenic risk from 

future groundwater for the construction worker scenario was 8.6~10-6, which falls within the target risk 

range. 

Air 

Potential cumulative carcinogenic risk due to exposure to contaminants in air was 2.1~107, which is 

less than the target risk range. None of the COPCs identified in air have non-carcinogenic risk criteria so a 

HI was not calculated for exposure to contaminants in air. 

5.2.2 Site Employee Risk Results 

Surface Soil 

Final COPCs for surface soil for the site employee are identified in Table 2.4. Total, background and 

incremental residual soil risk for a site employee in Parcel 4 is presented in Tables 5.4, 5.5 and 5.6, 

respectively. Total residual non-cancer risk for a site employee exposed to surface soil in Parcel 4 is 0.00066, 

which is well below the target HQ of one. Background and incremental residual non-cancer risk for a site 

employee exposed to surface soil in Parcel 4 is also well below the target HQ of 1. Total and incremental 

residual cancer risk from surface soil for a site employee in Parcel 4 is 2.3~10-5, whichfalls within the target 

risk range of 10-4 to 10-6. Background residual cancer risk from surface soil for a site employee in Parcel 4 
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is 2.6~10-7. Incidental surface soil ingestion is the exposure pathway that contributes 70% to residual cancer 

risk for the site employee from Parcel 4. 

Current Groundwater 

Final COPCs for current groundwater for the site employee are identified in Table 2.10. Total, 

background and incremental residual soil risk for a site employee in Parcel 4 is presented in Tables 5.10,5.11 - - - -- - -  - 

and 5.12, respectively. Total and incremental non-carcinogenic residual risk from current groundwater for 

the site employee scenario is 1.1, which exceeds the target HI of 1. Antimony via the ingestion pathway is 

responsible for 89% of the non-carcinogenic risk. Current background noncarcinogenic residual risk for the 

site employee due to exposure to groundwater does not exceed target non-carcinogenic risk. Total and 

incremental carcinogenic risks for site employees exposed to current groundwateris I .  lx  10-5 and 8.0~10-6, 

respectively. These values fall within the target risk range of 10-4 to 10-6. Actinium-227, plutonium- 

2391240 and thorium-228 contribute equally to the carcinogenic risk via the inhalation pathway. Current 

background cancer risk to the site employee presents a risk of 3.3~10-6, which is within the target cancer risk 

range. 

Future Groundwater 

Final COPCs for future groundwater for the site employee are identified in Table 2.12. Total, 

background and incremental risks for the site employee are presented in Tables 5.16, 5.17 and 5.1 8, 

respectively. Future total and incremental non-carcinogenic residual risk from groundwater for the site 

employee scenario were 5.5 and 5.3, respectively. Both these values exceed the target HI of 1. Future 

background non-carcinogenic residual risks in groundwater for the site employee is 0.21, which does not 

exceed target Hazard Index of 1. Future total and incremental carcinogenic residual risk from groundwater 

for the site employee scenario is 5.2~10-5 and 4.8~10-5, respectively. Total and incremental carcinogenic 

risk associated with exposure to groundwater falls within the target risk range of 10-4 to 10-6 for the site 

employee scenario. Background carcinogenic residual risk from groundwater for the site employee scenario 

was 4.0~10-6, which also falls within the target risk range of 10-4 to 10-6. 
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Potential cumulative carcinogenic risk due to site employee exposure to contaminants in air was 

9.9~10-7, which is slightly less than the target risk range. None of the COPCs identified in air have non- 

carcinogenic risk criteria so a HI was not calculated for exposure to contaminants in air. 

5.2.3 Overall Summary of Risk Results 

An overall summary of total, background, and incremental cancer and norrcancer risks are presented 

in a table included with the Executive Summary and in Tables 5.19 through 5.21. The values in the tables are 

the sum of all of the media and associated pathways for the construction worker and site employee scenarios. 

Total and incremental non-carcinogenic risks exceed target criteria for the current and future construction 

worker and site employee scenarios largely due to potential exposures to groundwater. 
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6.0 UNCERTAINTY IN THE RISK ASSESSMENT 

In the following section, an evaluation is presented of the sources of uncertainty in the Parcel 4 area 

RRE and the relative influence of these sources on the results of the evaluation. Uncertainty is inherent in the 

selection of input parameters and in every step of the risk assessment process. Risk assessment of 

contaminated sites must not be viewed as yielding single value, invariant results. Rather, the results of risk 

assessment are estimates that span a range of possible values, and which must be understood only in light of 
- - - - - - -- - -- - - - - -- - -- - . -- - . -- - -- - - -- 

the assumptions and methods used in the evaluation. 

The results of the RRE are presented in terms of the potential for adverse effects based upon a 

number of conservative assumptions. The tendency to be conservative is an effort to err toward protecting 

health. Uncertainty can be found at all phases in the risk assessment: in the analytical data, the exposure 

assessment, the toxicity assessment, and the risk characterization. Where uncertainty does exist, the RRE 

uses conservative assumptions to ensure that the outcome will be protective. 

6.1 Uncertainty in Analytical Data 

Uncertainty is introduced to the RRE when sample locations are selected and when samples are 

collected and analyzed. In the RRE, the long-term exposure concentrations were upper estimates of site 

concentrations (e.g., maximum detect or 95% UCL); therefore, a conservative bias to overestimate potential 

exposure has been incorporated into the risk estimates. The uncertainty associated with the statistical analysis 

of environmental data is low, with little introduction of bias. However, it is possible that contaminated areas 

of Parcel 4 were not sampled. This is unlikely given the extent of sampling conducted. 

Data for the RRE was collected over a 12-year period and analytical detection limits and methods 

have changed. This has resulted in current lower detection limits and presents uncertainty in the data by 

adding potential bias to the EPC for a constituent. For groundwater, the historical and current groundwater 

data were collected and used to develop the EPC by a conservative approach and model presented in Mound 

2000 RREM. Uncertainty is introduced because the analytical results for constituents in the groundwater, 

collected over a 12-year time period, may not meet the DQOs currently in place for data collection at Mound. 

Antimony is an example of this type of uncertainty. The long time frame also means that contaminants 

detected in the Production Wells and bedrock wells may have degraded. For example, 12 years is equivalent 

a to one half-life for tritium. The concentration of tritium in groundwater is reduced by half every 12 years. 
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None of the processes conducted at the Mound facility involved the use of antimony so, no process 

knowledge exists to suggest that antimony might be present in current or historical groundwater, yet antimony 

was detected in 5 out of 29 analyses of groundwater collected from the two production wells. The highest 

concentrations of antimony detected (38.2 pgL and 40.2 pgL)  were both collected on May 6th, 1991. Since 

both elevated results were collected on the same date the possibility of sample cortamination exists. May @h 

199 1 precedes development of the Mound Quality Assurance Project Plan (DOE 1993a) by two years, so it is 
--- -- - -doubtful~that~the~e~ant imon~-feesul ts~~t~the  d&Equali~~b-jeCti~s~rrTntl~inpl~at-Ro~d.- T h r - -  

MIEMS database specifies the procedure used for antimony analysis as an "unknown CLP method" and the 

results were lab qualified as "B". When applied to inorganic compounds, like antimony, the "B" lab qualifier 

means that the reported value is greater than the instrument detection limit but less than the contract required 

detection limit. The next highest detection of antimony (14.4pgL) was detected in April 7th, 1994 and 

antimony has not been detected in the BVA since. In addition to the monitoring data reported in MIEMS, 

monitoring of the production wells is conducted in accordance with the Safe Drinking Water Act (SDWA). 

The SDWA data for production well groundwater shows antimony at the detection limit of 0.6pgll. Despite 

this, the maximum concentration of antimony detected in the production wells (40.2 pgL)  was used to 

describe the current groundwater concentration. 

Given the age, elevated detection limits, and uncertain analytical procedure used for the May 6th 

1991 analyses, plus results of subsequent analysis that shows antimony at much lower levels, it seems highly 

unlikely that the concentration used to describe the current concentration of antimony in groundwater is 

accurate. The maximum concentration of antimony detected in the production wells was used to describe 

current groundwater to ensure that the actual risk from groundwater ingestion is not underestimated. 

However, this approach may result in an overestimation of actual current risk. Elimination of the 

questionable May 6th results would lower the estimated current total risk due to antimony from an HI of 1.1 

for the construction worker down to an HI of 0.4 which is well below the target risk threshold. 

To estimate future maximum constituent concentrations in the BVA the maximum detected 

concentration in the production wells was added to the flow tube modeled maximum detected concentration 

found in the bedrock wells. The flow tube model includes an assumption that the maximum concentration of 

a constituent detected in each of the twenty bedrock flow tubes impacts the BVA in the future. Natural 

physical and chemical processes such as dilution, dispersion, adsorption, and soil properties are ignored when 

establishing future estimated concentrations by this method. It is possible that the soil andthe bedrock layer 
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would inhibit most of the groundwater sampled in the bedrock wells to ever migrate into the BVA. As a 

result of this methodology, the future EPC concentration is biased high and the future groundwater 

concentrations are overstated. 

6.2 Uncertainty in Exposure Assessment 

Exposure assessment may introduce considerable uncertainty in the risk assessment process. The 

-. - - - - - - RREM-presents exposure-and-intake-calculations-based-on- procedures-that-were-used in-the-Parcel-4--------- 

RRE. Exposure assumption values were also used to develop sitespecific risk-based guideline values for the 

Mound Plant which were approved by DOE, Ohio EPA and EPA. Exposure assumptions are based on best 

professional judgement regarding potential land use, assumptions concerning contaminant fate and transport, 

and receptor behavior. Uncertainty associated with the exposure assumptions used in the risk assessment is 

low to moderate, and most likely overestimates the actual risks. 

One of the exposure assumptions used in the Parcel 4 RRE is that future site users would utilize the 

production wells for potable water supplies. The MMCIC intends to tap future site users into the municipal 

water supply system, therefore exposure to bedrock or BVA groundwater is unlikely. Using the production 

@ well and bedrock well data to estimate future risk is a conservative estimate of future risk. 

Another source of uncertainty in the Parcel 4 RRE involves external exposure to gamma-emitting 

radionuclides. External exposure refers to the irradiation of tissues by radiation emitted by radionuclides 

located outside the body either dispersed in air, on skin surfaces, or deposited on ground surfaces. Gamma 

and x-rays are the most penetrating of the emitted radiation and comprise the primary contribution to 

radiation dose from external exposures. The calculation of risk from external radiation exposure assumes that 

any gamma-emitting radionuclide in soil is uniformly distributed in soil. The calmlation of external radiation 

exposure risk includes a gamma-shielding factor (Se) to account for attenuation of radiation by structures, 

terrain or engineered barriers. Se is expressed as a fractional value between 0 and 1, representing the possible 

risk reduction range from 0% to 100% due to shielding. For the Parcel 4 RRE a default value of 0.2 or 20% 

shielding for the site employee and 0.1 or 10% shielding for the construction worker scenarios was used in 

the risk calculations. 
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6.3 Uncertainties Related to Toxicity Information 

Although EPA approved toxicity values were used for the RRE a significant amount of uncertainty 

may surround these values. Identification of the sources of this uncertainty enables the risk assessor to 

establish the degree of confidence associated with the toxicity measures. 

Uncertainty is inherent within the toxicity assessment and is primarily due to differences in study 
- design~species~sex~routes-of-exposure~or-dose~response-relationships~A-major-source-of-uncertainty 

involves using toxicity values based on experimental studies that substantially differ from typical human 

exposure scenarios. The derivation of the toxicity values must take into account such differences as 1) using 

dose-response information from animal studies to predict effects in humans, 2) extrapolating dose-response 

information from high-dose studies to predict adverse health effects from low doses, 3) using data from short 

term studies to predict chronic effects, and 4) extrapolating from uniform animal populations to variable 

human populations. 

The cancer slope factors, in particular, are based on studies that may differ greatly from realistic 

situations. Experimental cancer bioassays typically expose animals to very high levels of chemicals (i.e., the 

maximum tolerated dose) for their entire lifetime. After appropriate studies have been identified, the slope 

factor is calculated as the upper 95th percent confidence limit of the slope of the dose-response curve. This 

introduces conservatism into the risk assessment. In addition, carcinogens are assumed to be human 

carcinogens regardless of EPA's weight-of-evidence classification. 

The derivation of reference doses involves the use of animal studies. Uncertainty factors ranging 

from 1 to 1,000 are incorporated into the reference dose to provide an extra level of health protection. The 

factors used depend on the type of study from which the value has been derived (e.g., animal or human, 

chronic or acute, study design). The scientific basis for this practice is somewhat subjective. In general, high 

uncertainty factors are meant to bias the results conservatively so that exposures at the reference dose level 

will not result in adverse health effects. 

Toxicity values derived from oral administered dose studies have been converted to absorbed dose 

toxicity values for use in evaluating the dermal contact pathway. This is considered a more accurate 

approach than using unadjusted oral toxicity values for the dermal pathway. Uncertainty is introduced in the 
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use of the gastrointestinal absorption factors. Limited information is available on the gastrointestinal 

absorption of some analytes and many have no information at all. In addition, no adjustments have been 

made for the medium of exposure (e.g., when the medium of exposure in the site differs from the medium of 

exposure assumed by the toxicity value). The uncertainty associated with using the absorbed dose toxicity 

values for the dermal pathway is moderate and the bias unknown. 

There are some chemicals for which no toxicity value exists and for which little information is 

- - --available.--Thereforera-quantitative-- cannot-be-calculated -for-these-chemicals.-For-example, - - 

several of the COPCs identified in Parcel 4 could not be quantified for lack of EPAapproved toxicity values. 

The lack of toxicity information for some chemicals contributes to the underestimation of risks. 

Cancer and non-cancer risks are summed in the risk characterization process (separately for 

carcinogens and non-carcinogens) to estimate potential risks associated with the simultaneous exposure to 

multiple chemicals. In the case of carcinogens, this gives carcinogens with a class B or class C weight-of- 

evidence the same weight as carcinogens with a class A weight-of-evidence. It also equally weights slope 

factors derived from animal data with those derived from human data. Uncertainties in the combined risks 

are also compounded because RfDs and cancer slope factors do not have equal accuracy or levels of 

confidence and are not based on the same severity of effect. 

6.4 Uncertainties In Risk Characterization 

Uncertainties in any phase of the risk analysis are reflected in the risk estimates. Some uncertainty is 

associated with the summation of risks and HQs for multiple chemical contaminants. As stated in RAGS 

(EPA 1989), "The assumption of dose additivity ignores possible synergisms or antagonisms among 

chemicals, and assumes similarity in mechanisms of action and metabolism." However, summing risks and 

HQs for multiple substances in this risk assessment provides a conservative estimate. 

6.5 Conclusion 

The exceedances of the acceptable risk range are driven by the conservative groundwater analysis. 

Specifically, using the maximum detected value (the result of a single measurement) from a data set that 

spans sixteen years as the concentration representing a contaminant of potential concern and assuming 

chromium is present entirely as Chromium VI overestimate the risk. Based on this conservative methodology, 

the expected incremental risk from Parcel 3 is within the acceptable risk range. 
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I s 7 O  .- - 
33.40 . 
26 20 

4320 00 

2 20 

17 00 

8P!.0° - - 
210 ' .  
41 10 

37 00 

131000 

Un~ls 

Mound Gu~dance 

Concenbal~on 

Used for 

Screen~ng 

2i400.00 

42.20 

17 10 

133 00 

0 94 

70.40 

7 70 

175000 00 

50.90 

30 50 

14 40 

27 50 

0 38 

40500 00 -- *-, -TP,,- 

25ji.00 " r  ' 
t <  

41$OP ", 
,C , t  

* 68800.00 

' 5' 5240.d' -- ' M  

0 42 

15 70 
;--, - - 

-n 33:40 
26 20 

4320 00 

2 20 

1700 

- _ 8 6 5 0 0 _ ,  
2.10 

41 10 

37 00 

131000 

Locatloll 

of Maxlnl~nn 

C O I I C ~ I I ~ I I O I I  

Values) 1 

mgkg 

mgkg 

mgk6 

nlgkg 

mdk6 

mdkg 

mgkg 

mgkg 

mgkg 

mgkg 

mgkg 

w k  
nigkg 

m f l g  

mgkg 

mdg 

m@g 

*gkg 

mgkg 

'!!fig 
W'kl3 

mgkg 

mflg  

mgkg 

mgkg 

"@g? 
mgkg 

w ' k 6  

mgkg 

W@g 

Background 

Value 

19000.00 

8 60 

18000 

1 30 

2 10 

3+IOOOO 00 
* 

20 00 

19 00 

26 00 

35000 00 _ 
-? 

48.00 1 

8409 *-,*. 
MND33-0103 

CH 

CH 

a 
MND33-0103 

NPSl 

MND33-0103 

8409 

MND33-0103 

- - _ ' '' ' " 
% + ', 

8409<zn;t-%,> 
MNQ339193: * 

" - * 
NPS6 _ -- __ ' r 

CJ 

8409 

CJ 

MND33-0103 

_ - - 
+ 

8409 

I 

Screen~ng 

G U I ~ ~ I I I I ~  Value 

1 
21060.00 ' 

I 
8 50 

6 40 
I 

1500 00 
I 

0 70 
I 

2llOO 
I 
1 

I 
ll?OO 

I 

790 00 
I 

43q 00 
I 

Reference 

f,b 
\ I  
B 

". . B 

b 

c - - 
a 

. ,. 
, o  

a 

a. f 
a 

------, 

' 26.00 " 

4000000 

' 1400.00 

-_27-0!'-_ 

32 00 

1900 00 

1 70 

Rat~onale for 

Contan~~nanl 

Delet~on 
or Select~on 

YES ' , . 
YES 

YES 
NO 2.3 

-- NO 2 

YES, 
NO 3 

- -  N-02-rT 
YES 
NO 3 

NO 2 

NO 3 

NO 3 

-- - - NO!. ,, 

I 

1 YES 
27W 00 

6 40 

- *  - -  I 
1 

11000 

YES 

NO 3 

NO 3 

NO 3 

0.46 1 70 
- NO!, 

b 

-- . 

a 

f.a 
a 

20 00 

25 00 

140 00 

NO 3 

-- _ A  

YES 

NO 2,3 

NO 4 

NO 3 

NO 3 

13000 00 

1 50'00 
I 

6400 00 

f. a 

a 

a 



Table 2.1 Initial Identification o f  Soil Constituents of  Potential Concern for the Construction Worker i n  Parcel 4. I 

Parcel 4 10/23/00 10:17 AM 

CAS 

Number 

Semi-volatile 

120-82- 1 

95-57-8 

91-57-6 

59-50-7 

, : .' 

56-55-3 

50-32i8 - 
205-99-2 . 
191-24-2. " 

207-08-9 

65-85-0 

! 1791-7 

2 18-0 1-9 

84-74-2 

117-84-0 

206-44-0 

, %. 

. . 

~ , .  , . 
85-01-8 '. . 

108-95-2 

129-00-0 

Volatile Organic 

78-93-3 

67-64-1 

56-23-5 

100-4 1-4 

75-09-2 

108-88-3 

Chemical 

(Maximum Detected 

Maximum 

Concentration 

33.00 

38.00 

1 10.00 

7.00 

120.00 
6w.w:" " . 
690.00 

2800.0? 

2500.00 ', ' 

4800.00 . , ,. . 
. . .  

250.@ '. . : 

8600.00 

86.00 

340.00. . ... - .- 
420.00 -1 . . 
2400.00 

420.00 

130.00 

130.00 

250.00 

5000.00 

460.T 
8~0.00 ': -, , . "  

Minimum 

Concentration 

Naph.$ale~ie . . .  '.:, ., 

~heiibtlirene . . ..\: c ' 

Phenol 

Pyrcnc 

Compounds 

2-Butanone 

Acetone 

Carbon Tetrachloride 

Ethylbenzene 

Hexane 

hlcthylcne Chloride 

Toluene 

Xyleocs. Total 

Units 

ugikg 

ugikg 

ugikg 

ugikg 

udks  

,,glkg 
~lgikg 

u o g  

ugkg 
uglkg 

uglkg. . 
ugikg 

ugikg 

ug?(g 
,,g/kg ' .. 

u f l g  

ugikg 

uglkg 

udkg 

ugikg 

ugkg 

~.@g... 

"&. 

Organic Compounds 

1.2.4-Trichlorobenzcnc 

2-Chlorophenol 

2-Methylnaphthalelie 

4-Chloro-3-niethylphenol 

Acenapl!tlienc . . 

~ceniphthylen>, . ' '. ' 
Anthracene 

Benzo(a)aothraccnc 
- ' .  . _ I  

~e&.o(r)pymc . ' . ' 

&oio(b)fluoranthenc 

~cdzo(~.h.i)p&yl&e'i~~ , 

Benzo(k)fluoranthenc 

Berizoic Acid 

Bis(2-cthylhcxyl)plitlia!a!e 

Cirbfymle . , , 

Cbryscne 

Di-n-butyl Phthalate 

Di-n-octyl Phthalate 

Dibenz(a.li)antliracene 

Dibcnzofuran 

Fluoranthenc 

Fluorenc . ... - ~ . .~ . 
lndcno(l.2.3-cd)pyrme,~ . . 

33 

38 

63 

7 

42 
50 ' . S  . '  
50 

58 

40 ' , , .. . 

35 ,. . .  , . . . 
47 - ,, . '; 
58 

I 2  

34 , ,- . . I' 

41 ' . 

43 

25 

47 

46 

42 

39 

50 
. . . 

67, . . .. ., 

23 

25 

8.5 

12 

9.6 

2.1 

4 

6 

I 

2 

Concentration Compared 

Location 

o f  Maximum 

Concentration 

MND33-0104 

MND33-0104 

MND33-0104 

. 

., . . , . 
, 

, 
. ,  . .. ' . '  

: . : , ..,-'y ' 

B4?! -. - . -- , 

, ,. ' : ' . . :.' - - 

NPSS 

8408 

--.-. 
' " : ," . : . . 

23.00 

3300.00 

8.50 

55.00 

9.60 

2.10 

10.00 

97.00 

4.70 

2.10 

to 

Detection 

Frequency 

1-58 

1-58 

2-58 

1-58 

2-58 
I 

4-58 I.. 

7-58 

!":58 .. ,. 
'11-58' :, 

21-58, . .,, 

8-58 . ,  . ,"' 

19-58 

5-55 

!1:58., . - 
iSO ,.. ; .:\ ..... . . . 
12-58 

8-58 

3-58 

4-58 

2-58 

2 1-58 

5-58 .-. 
$58 . :-,;:. .- 

ugikg 

W'k3 

ugikg 

ugikg 

ugikg 

ugkg 

ugikg 

ugikg 

ugikg 

u g 

Background and 

95% UCL 

239 

238 

238 

263 

. 252  
: , .  , 

243 . , 
243 

.. , 325. . 
',jo'. ,., 

,, ' 439 L' 
. " < .  

. .,;24!' . 

524 

1710 

. . -... 2:: ,_. 
1.219'.:. 

32 1 

252 

240 

240 

243 

433 

--.-__- 246 -. 
, ;..:2-'J . 

MND33-0104 

NPS3 

NPS3 

NPS3 

NPS3 

NPS3 

Mound Guidance 

Concentration 

Used for 

Screening 

33.00 

38.00 

1 10.00 

7.00 

-. 120.00, .. . .  
;, ,690.00 

690.00 

. . 28qo.pq ,. 

' f ;  25bO.00 ; , 

li .. 4800.00 : . 
' 250.G. ... 

8600.00 

86.00 

..-- ?eO . - 
,!,,::14ib.00'.P 

2400.00 

420.00 

130.00 

130.00 

250.00 

5000.00 

?60:'?-.- 
. k '  L 850.00 -, 

Values) I 
I 

Background screeding Rationale for 

Deletion 

1-58 

21-58 

1-65 

9-65 

1-65 

1-65 

2-53 

10-65 

3-65 

1-65 

I 

. , . " ' 408.33 , 
, , . f, c,' . ., . ' . Y E S  . ,  . 

. -  ,~ : .  
, . ,  . 

, .. - 
. . . 

' I ' . ' -. 

.: ,. , . 

* .  . . , , 
', ;., , .  , 

;;_ ... .. 

f. b 

f. a 

. -. ,, 
, '  . .. 

a 

d - . - . -. ... 
+ . . d s  
, d . 
1 > .  _. 

, . , 
d 

a 

- d. . , 
;I' 

d 

a 

a 

f. C 

a 

:. f*? --- , 

243 

371 

6.11 

10.3 

3.74 

3.61 

6.24 

10.9 

3.66 

3.61 

1 
213doo.00 

I 
1064.58 

1 
I 

6400000.00 
I 

4 100.00 .,, . . . , . . 
. 410.00 

I 
. 4100 .00 - '  

I .  ,..! . . ,  

'1 
4 1000.00 

I 
8500?000.00 

. -- 215000J"'" -t 

_: : , I "  
4 l oqOO.00 

2 I ~ 0 0 . 0 0  

430d00.00 
I 

408.33 

! 
850000.00 

- 8516$66.67.. 

NO: I 

NO: I 

NO: I 

NO: I 

.. $. . . %?:! .-. . :.,'. 

NO:3 

NO:! _ , ; -? , . . - .  ... YES;' 

, Y e s '  '., 
. ,  . ' ,  YES't"' 

NO:3 

NO:3 

. '?=? . - .- 
,,: ,YES~ . I .  : 

NO:3 

NO:3 

NO:3 

NO:3 

NO: I 

NO:3 

.. - .No;3 .- ,, . . 

23.00 

3300.00 

8.50 

55.00 

9.60 

2.10 

10.00 

97.00 

4.70 

2.10 

13000000.00 

640"0.00 

930000.00 
I 

2 100000.00 
I 

120?0.00 

50.00 

9 100.00 

100000.00 

25000.00 

43000000.00 

. , .  
a 

a 

b 

a 

c 

b 

h 

b 

NO: I 

NO:3 

NO: I 

NO:3 

NO: I 

NO: I 

NO: I 

NO:3 

NO: I 



Parcel 4 10R3100 10:17 AM 

Table 2.1 Initial Identification of Soil Constituents of Potential Concern for the Construction Worker i n  Pareel 4. 

CAS Chemical Minimum Maximum Units Location Detection 95% UCL Concentration Background Screening 

Number Concentration Concentration o f  Maximum Frequency Used for Value Guideline Value I<eferencc 

Concentration Screenit~g 

- ~ ~ ~ ~ ~ ~ ~ - -  
PestieidedPCBs 

72-54-8 4.4'-DDD 0.4 6.60 uglkg 8409 2-64 2.6 6.60 4200.00 

72-55-9 4.4'-DDE 0.25 3.50 uglkg MND22-4101 6-64 2.07 3.50 4300.00 9000.00 d 

50-29-3 4.4'-DDT 0.19 0.48 udkg 4-65 2.69 0.48 13000.00 9000.00 c 

309-00-2 Aldrin 0.074 0.35 uflg 8401 6-64 1.26 0.35 640.00 f.3 
I 

5 103-71-9 Alpha Chlordane 0.044 3.50 uglkg 6-65 1.97 3.50 8500.00 f,c 

3 19-86-8 Delta-BHC 0.08 5.30 uglkg MND22-4101 3-65 1.64 5.30 

60-57- 1 Dieldrin I .20 1.20 u f l ~  4-65 2.17 1.20 185.00 c 

33213-65-9 Endosulfan l 0.05 1 0.27 uglkg 8407 3-63 1.81 0.27 I3odo0.00 f,a 

332 13-65-9 Endosulfan ll 0.053 7.10 uglkg MND22-4001 5-65 2.41 7.10 130000.00 f,a 

103 1-07-8. Endosulfan Sulfatc -. . a" . . ,. . 0.5!!.. . y!%., !!ND??-?!O1 ' 2-65." . 3.3s .- , .. .. 0.56 '.. . . . . . . .. .T , 1 .  -..:...r -. . ,: ... ,,. . 
7421-93-4 ~ n & k d e h ~ &  ':; ' ' . 0.28 v ' ' ' 0.93 . ug/kg" MND22-4102 4-6q ' ' .': 3.34 .' ' :', 0.93.. , 

' , 
. . I ,  

. . ' A  . , ,  . , .  
53494-70-5 Endrin Ketone 0.24 0.86 . ugkg " ' 4-65 . . 3 . 4 3  . ' > . 0 . 8 6 . , .  ,. I 

' 

5103-74-2 Gamma Chlordane 0.058 0.93 ug/kg MND22-4003 2-65 1.85 0.93 850p.00 f . ~  

58-89-9 Ganima-BHC (Lindane) 0.065 0.10 uglkg MND22-4101 2-65 1.26 0.10 2300.00 f.d 

1024-57-3 Hcptachlor 0.056 I .20 uglkg 7-65 1.17 1.20 660.00 f.d 

1024-57-3 Hcptachlor Epoxide 0.072 0.94 uglkg MND22-4102 6-65 1.79 0.94 280.00 f.a 
I 

72-43-5 Methoxychlor 0.13 0.95 uglkg MND2Z-4101 4-63 23.2 0.95 30000.00 I 
0.00 

Explosives 0.00 I 

99-65-0 1.3-Dinitrobcnzenc 0.098 0.10 mglkg 8405 1-39 0.87 0.10 2.10 f.a 

1 18-96-7 2.4,6-Trinitrotoluene 0.2 0.20 mglkg 8405 1-39 0.84 0.20 I I :oo Ca 

Tetryl 0.29 0.29 mgkg ? 1-39 1.35 0.29 

! 

Rationale for 

Contaminant 

Deletion 

or Selection 

NO: I 

NO:2,3 

NO:2.3 

NO:) 

NO:3 

NO: I 

NO:3 

NO: I 

NO:3 

.. ... ,.-.... NO: I ",. 
YES ' ' * 

YES 

NO: I 

NO: I 

NO:3 

NO:J 

NO:2 

NO: I 

NO: I 

NO: I 



Table 1.1 Initial Identification of  Soil Constituents o f  Potential Concern for the Construction Worker i n  Parcel 4. 1 

Radionuclidu 

AC-227DA I~c&ium-227 

(Maximum Detected Concentration Compared to Background and Mound Guidance Values) 1 

CAS 

Number 

10098:97-2 .- . 

14274-82:9 . : 
14269-63-7 

7440-29-1 

10028- 17-8 

13966-29-5 

151 17-96-1 

24678-82-8 

a= IllOth H I  for ingestion NO: l - 4 %  Detects 

b= IllOth H I  for ingestion + inhalation NO:2 - <Background 

c= cancer risk for ingestion + inhalation NO:) - < Screening Toxicity Value 

d= cancer risk for ingestion NO:2,3 - <Background,Screening Toxicity 

e= cancer risk for ingestion -t: inhalation 4- external NO:4 - Essential Human Nutrient 

f= Calculated values based on procedures in Mound's approved Risk-Based Guidance Values. Final Rev. 4, March 1997 and updated toxicity criteria 

Detection 

Frequency 

, 

. .  

- - 

. ' 

Parcel 4 10/23100 10:17 AM 

Chen~ical 

Strontium-90 . , ~ . .  

~horiurn-228.:,; ': ;, ., . '  . . 

Thoriun~-230 

Thorium-232 

Tritium 

Uranium-234 

Uranium-235 

Uranium-238 

95% UCL 

C' 

e . , . . . . 
,, e ' 

. , ,  = .. 
f.e . ,  

. fse - 
i ,  
c 

e 

f,e 

f,e -'r..,-T . ,- 
, ': d ' , ,  7 ,  

,' _ f,e ,': 

e 
' J  
.". . , -. 

,,.,,,;e* , 

e 

e 

e 

e 

e 

e 

Minimum 

Concentration 

- ~, . 
.YES ; 

NO:3 , . . . 
' . .YES 

NO: I . , 
', i YES 

. . . NO:!. . 
YES ', 

NO:2.3 

NO:3 

NO: I 

NO:2 . -,,---. . .- . 
; ,;4 YES 'r . 
.I , 

* ;yes 
NO:3 ., , . - - 

,l:4):zv,& . ;  
NO:3 

NO:3 

NO:3 

NO:) 

NO:3 

NO:) 

O.Is8- - . 
, ,. 

0.195: . "  : .; 
27.17 

0.037 

3.00 

1.17 

0.0 19 

1.95 

Concentration 

Used for 

Screening 

2.77 . ,, , , 

1.79:' , ,- , 

27.17 

5.60 

3.00 

1.17 

0.20 

1.95 

Location 

ofMaximum 

Concentration 

Background 

Value 

Maximum 

Concentration 

Units 

palg.. . 
flig:. 
~ c g g  

pCi/g 

S ~ / E  

pGIg 

pCilg 

pCdg 

I 
I 

Screening 

Guideline Value 

i 

B405 r.,%, -. .-,*. . . 
. ;:'.:>: :':..,',. : 

S1049 

8406 

8406 

Reference 

4-37. . -.. 
&j&~ ;.). $, 

86- 178 

182-491 

7-64 

56-65 

5 1-59 

109-1 14 

Rationale for 

contaminant 

Deletio~~ 

or Selection 



CAS 

Number 

Metals 

7429-90-5 

7440-36-0 

7440-38-2 

14733-03-0 

Alulninuni 

Antimony 

Arsen~c 

Bismuth 

Cerium . 
Lead 

Lithium 

Magnes~um 

Manganese 

Neddymium 

Thallium ~ 

Table 2.2 Final ldentilication of Soil Constituents of Potential Concern for the Construction Worker in Parcel 4. 

(Exposure Point Concentration Compared to Background and Mound Guidance Values) 

mglkg B409 

mglkg MND33-0103 

mglkg CJ 

mglkg 

mglkg 

mgkg B409 

niglkg MND33-0103 

mgncg 

'nglkg 

mg/kfJ 

Background 

Value 

Chemical Rationale for 

Contaminant 

Deletion 

or Selection 

brganic Compounds 

NO 

YES 

NO 

YES 
YES 
NO 

NO 

NO 

NO 

YES 
YES 

Mininium 

Concentration 

Acenaphthylene ' 

Benzo(a)pyrene 

Benzo(b)fluoranthene ' 

Benzo(g,h,i)perylene 

Carbazole 

Lndeno(l,2,3-cd)pyrene 

Phenanthrene 

YES' ' 50 

40 

35 

47 

4 1 

67 

78 

YES 

, YES 

. YES 

Maximum 

Concentration 

s YES 
YES 
YES 

Units 

Parcel 4 10/25/00 8:30 AM 

PesticideslPCBs 

Location 

of Maxinium 

Concentration 

7421-93-4 

53494-70-5 

Detection 

Frequency 

I 
I 

YES 
YES 

Endrin Aldehyde 

Endrin Ketone 

95% UCL 

I 

I 

Concentration 

Used :or 

Screen,ing 

0.28 '- : 

0.24 - 
0.93 , -< G 

! b 

0.86 .:+'bs 

,,glkgi 

u&g 

@IFJDZ~$IO~ .- 
I 

I :. 
4:60' . '*a; ~ 

4~65;: , . 
. 3.34 

3.43 

0.93, 

0.86, 

I 



I 

Table 2.2 Final Identification of Soil Constituents of Potential Concern for the Construction Worker in Parcel 4. 
(Exposure Point Concentration Compared to Background and Mound Guidance Values) 1 

a= 1110th HI for ingestion 
i 

NO: 1 - <5% Detects 

b= 1110th HI for ingestion + inhalation NO:2 - < ~ a c k ~ r o u n d  

c= cancer risk for ingestion + inhalation NO:3 - < sireening Toxicity Value 
I 

d= cancer risk for ingestion NO:2,3 - <Backgrountl,Screening Toxicity 

e= cancer risk for ingestion + inhalation + external NO:4 - ~ss4ntial Human Nutrient 

f= Calculated values based on procedures in Mound's approved Risk-Based Guidance Values, Final Rev. 4, March 1997 and updated toxicity criteria I 
' 

Radionuclides 

Parcel 4 10125/00 8:30 AM 

~oncentrktion 

Used for 

CAS 

Number 

0.64 

0 36 

1.84 " 

1.1 1 

1.53 

AC-227DA 

10045-97-3 

14255-O$-0' 

1398 1-1 6-3 

13982-63-3 

Background 

Value 

Chemical Units 

0.13 

0 

0.38 

0.01 

0.39 

Actinium-227 

Ceslum-137 

Lead-2 10 

~1;toniuin-238 

Radlum-226 

Rationale for 

Contaminant 

Deletion 

or Selection 

Detection 

Frequency 

Location 

of Maximum 

Concentration 

0.641 

0 36 

1.84) 

76.11 
t 

- .  1.53, . . 

95% UCL Minimum 

Concentration 

I v 

1.50 

3.02 

0 90 

3.70 

. 
3 64 

t 

14274-82-9 

Maximum 

Concentration 

YES 
NO 

, 
0.42 - 

1 + 
0.13 1 \ 

2.00 
' - - t  - 

I 

0 195 

Radium-228 I ,  ' 
Thonum-228 

YES. ' 

NO 

YES ' 

* . h!3 , 

NO ., - 
2.57 

1 79 

63-153 . 
126- 188 

89-1 17 

156-480 

147- 179 

pCiIg 

pC11g 

pCi/g 
76. i lpci lg  

pC11g 
pC11g t e  " 'C  9-9 A,$ , ' N C '  
pC11g 66-80 1.07 1.07, 

* '  







Explosives 

99-65-0 1.3-Dinitrobenzene 0.10 0.10 m g k g  B405 1-7 

118-96-7 2.4.6-Trinitrotoluene 0.2 0.20 m g k g  B405 1-7 

Table 2.3 Init ial ldentilication orSurrace Soil Constituents o r  Potential Concern for the Site Employee i n  Parcel 4. I 

(Maximum Detected Concentration Compared to Background and Mound Guidance Valuo)  I 

Radlonuclides 

AC-227 - Actinium-227 , 0 1 3 ,  . - 3.02.> - pCi1g. - 63-123 _ 
14596-10-2 Amerlc~um-241 0 26 0.26 PC;{S. 11-136 . ? \  $ 

10045-97-3,,' Cesium-I37 > 't A ,  0.90" 0.90 ' "" ' pci10 " 3 115!137"4- 

10198-40-0 coball-4 Oi , A ?, o.ia . * o.ia p c i k  9-137, , 

14255-04-0 - ~c;d-t lp 9 1 0.38, , . "; 3.70 , pCilg + , ?9-117 

i399q0-2.*" ~~~ lun j ; rn -237 ,  ?!I"' t. i 0.@3, '5 ';: 0.067; ". , ' p_Ci/g MB:: ; ' 4-6 4 " 
13981-16-3 ) ~l;toaiuni-238 , ' . ' ' 76.1 1' 76.1 1- - ' ' :a : 102:358 :u- 
PU-2391240 Pluton~um-239 0 01 0 02 pC11g CANAL N W  3-5 

PU-2391240 Pluton~um-2391240 0 00667 0 19 pc l lg  14-37 

CAS 

Number 

a- 1/10th H I  for ingestion NO:! - 4 %  Detects 

b= 1110th H I  for ingestion + inhalation NO:2 -<Background 

c= cancer risk for ingestion +inhalation NO:) -<Screening Toxicity Value 

d= cancer risk for ingestion NO:2.3 - <Background.Screening Toxicity 

e= cancer risk for ingestion + inhalation +external NO:4 - Essential Human Nutrient 

f= Calculated values based on procedure; in  Mound's approved Risk-Based Guidance Values. Final Rev. 4. March 1997 and updated toxicity criteria 

e N O ?  . 

e " YES 

I f.0 , Yes 
::" f , e  I. . ' TES 

e ,  Ym 

Chemical Minimum 

Concentration 

Maximum 

Concentration 

Units Location 

o f  Maximum 

Concentration 

Detection 

Frequency 
Screening 

Guidance Values 

95% UCL 1 

Reference 

Concentration 

Used for 

Screening 

Rationale for 

Contaminant 

Dcletiol~ 

Rackground 

Value 



I Table 2.4 Final Identification of Surface Soil Constituents ofl'otential Concern for the Site Employee in Parcel 4. I 

Concentration 

319-86-8 

1031-07-8 

7421-73-4 

53494-70-5 , 

5.3 

0.56 

0.93 

0.25 

Delta-BHC . 
Endosulfan Sulfate 

Endrin Aldehyde 

Endrin Ketone 

0.08 

0.13 

0.28 

0.24 . 

ugtkg 

uglkg 

uglkg 

uglkg 

MND22-4101 

MND22-4101 

MND22-4102 

8407 

3-22, 

2-22 

3-22 

2-22 

4.67 

10.20 ' 

9.30 

10 10 

,467 ' 

0.56 

, 0.93 
0.25 

. . 
, a . I .  . 

. . 
. d o  

, YES . 
'YES . 
,, YES 
,YES ' ' (  



a= 1110th HI for ingestion 

b= 1110th HI for ingestion + inhalation 
I 

NO:2 -<Background 

c= cancer risk for ingestion + inhalation NO:3 - < ~ c r e d n i n ~  Toxicity Value 
I 

d= cancer risk for ingestion NO:2,3 - <Background,Screening Toxicity 

e= cancer risk for ingestion + inhalation + external 
I 

NO:4 - Essential Human Nutrient 
I f= Calculated values based on procedures in Mound's approved Risk-Based Guidance Values, Final Rev. 4, March 1997 and updated toxicity criteria , 

Table 2.4 Final Identification of Surface Soil Constituentsof Potential Concern for the Site Employee i n  Parcell4. 

(Exposure Point Concentration Compared to Background Values) 

Rat~onale for 

Contarnlnant 

Deletion 
or Select~on 

* ' I j 2  KT < Y 

I 
13981-l6:3 ": ~$1tonihrn-238 ., N "' 1 ". 76.11' I '  76.11 ' ' I: p ~ i l B  c I , ,  -11 102-358 ' 26.20 ' 'i 2b.40 ' j  "'0.i3 ', . ".YES , 

PU-2391240 Pluton~um-239 0 01 0 02 pC~/g CANAL N W  3-5 001 001  1 0 18 NO 

PU-2391240 Pluton~um-2391240 0 00667 0 19 pCl1g 14-37 0 02 0 18 NO 

13966-00-2 Potass~um-40 I3 34 46 pCdg B405 23-23 24 20 37 00 NO 

13982-63-3 Rad~urn-226 3 64 3 64 
,.-.-ti- -a.,?hnw -<it.7*?\*. y< ii'" ' ""'"."' sLw 

< <:%: 

., : ,: : x y  e bft , Radium-228'*2 bj-81-::e; .%-+ ': : ':, : 
~ @ & ? 7 ~ + " -  s_t"tiim=90F:A.; :f 
14274-82-9 Thonurn-228 1.66 1 66 pC11g 8405 38-40 1 03 1.50 - . ---.-sl.az .------ v- -1 -.- ----;ey\ - - r w  wqTwv,-m 7- -y--  4- -% r vy;t-v2- - s- .- + ~ ~ + - - ~ v ~ -  c v t7-x - $! o3 L -, ' - y-" ;**- 

NO 
"-3- ---it 3% - r' ?, . %, , i42kg$ij,.t: ~ ? r ~ ~ ~ ~ q ~ - , - . ,  .!i;b k. 2 ~ ~ j 2 - j :  ?!" % &g4 p~J/*4~ ,, z c;-d3$:%; fkJ3gJi4-7 qp 5.51 ;g6 1. >>&5.51$, 1- a k1'90 --A-..-LI~.+ ;-\I j J&$~ES,:!.: !. 

7440-29- 1 Thor~urn-232 0 037 5 60 pC11g S1049 139-369 0 74 0.74 1 1 40 NO 

Background 

Value 

Radionuclides (continued) 

I 
Concentratlofi 

Used for I 
Screen~ng 1 

1 

95% UCL Detection 

Frequency 

Units CAS 

Number 

Locat~on 

of Max~murn 

Concentrat~on 

Mlnlrnum 

Concentration 

Chemrca\ Max~murn 

Concentration 
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Table 2.5 Initial 

Radionuclides 
Actinium-227 
Americium-241 
Bismuth-2 I0 
Plutonium-238 
Plutonium-2391240 
Radium-226 
Strontium-85 
Strontium-90 
Thorium-227 
Thorium-228 
.lhorium-230 
Thorium-232 
Tritium 
Uranium-2331234 
Uranium-234 
Uranium-235 
Uranium-238 

lentincation of CI 
(Maximum De 
Minimum 

Concentration 

rrent Groundwater Constituents of P 
:cted Values Com~ared to Backgroun 

Concentration Frequency 

NC= 95% UCL not calculated, less than 20 samples in the data set. 

a= 1110th HI for ingestion + inhalation +dermal 
b= 1110th HI for ingestion 

NO: 1 - 4 %  Detects 
NO:2 -<Background Value 
NO:3 - < Risk-Based Guideline Value 
NO:2,3 - <Background and Risk-Based Guideline Value 

ential Concern for the Construction Worker Scenario 

c= cancer risk for ingestion NO:4 - Essential Nutrient 
d= cancer risk for ingestion + inhalation + external 

I 
NO:5 - Low detected, low frequency, short half life 

e= New Risk-Based Guideline Values calculated according to Mound GV 3/97 methodology ! 

and Screenine 
Concentration 

Used for 
Screening 
and Risk 

0.50 
0.03 
0.39 
0.25 
2.00 
0.52 
25.00 
0.50 
0.10 
2.17 
1.99 
0.10 

7200.00 
0.36 
8.14 
2.30 
8.25 

Guidance Values) 
Background 

Value 

0.139 

0.087 
0.125 
0.996 

0.975 

0.779 

0.3 14 
1485.47 

0.792 
0.814 
0.688 

Construction ' 
Worker 

Based GV / 
! 

I .30 
2.40 

110.00 
2.70 
2.50 
2.70 

I 
14.00 
19.80 
3.50 

2 1 .OO 
24.00 

1 1000.00 
18.00 
18.00 
17.00 
13.00 

I 
I 

Reference 
Risk-Based GV 

c 
c 

c. e 
c 
c 
c 

c 
c, e 
c 
c 
c 
d 
c 
c 
c 
c 

Initial 
COPC 

NO:3 
NO:2.3 
NO:3 
NO:3 
NO:3 

NO:2,3 
NO:5 

NO:2.3 
NO:3 
NO:3 
NO:3 

NO:2,3 
NO:3 
NO:3 
NO:3 
NO:3 
NO:3 



NO <Background Value 
NC= 95% UCL not calculated, less than 20 samples in the data set. 

I 
Table 2.6 Final Identification of Current Groundwater Constituents of Potential Concern for the Construction worker scenario 

(Exposure Point Concentration Comaared to Backeround Values) 
Chemical 

Inorganics . . 
. . .  .' . ' Antimony .. :: . .. . . . . :. ., . . 

Cadmium : ' .. 
Calcium 

. . & * . .  . . .  ., . ~ .. 
C O ~  . . . 

I 

Minimum 
Concentration 

' . ' , ' 2 .8  . - 8  . 

4.6 ': . 

94300, 
. ' 1.6 . '  . 

Maximum 
Concentration 

.., 40 .20, "  
7.70 . . .  

!26ooo.oo 
. 593.00. ' 

Units 

;ug/L' 
ug/L 

U~IL , 

UP/L 

Detection 
Frequency 

,..5-29 
6-32 

33-33, 
. 22-32 t 

95 Percent 
UCI, 

';80.30-.. 
" 5 . 2 5 ' .  
10900o:oo 
, . 57.40 , 

Concentration 
Used for 

Screening 
and Risk 

. .  40.20 
' 5 . 2 5 ' : .  

. 109ooo.00 
- 57.40 

B a c k e n d  
Value 

! 
I 
I 
i0.578 

I I I I 10.664 
1 1.167 

COPC 
for RUE 

. .YES, 
. YES. . . :  

NO 
, YES'‘ .'.. 



Table 2.7 lnitir 

Alum~num 
Antimony i 

Bar~um 
Cadmium * 

Calcium 
Chromium - 

. .  copper::^“ ' A .  ' ,. ., . 
Iron 
Lithium 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Tin 
Vanadium 
Zinc 
Volatile Organic Compounds 
I .  I. l-trichloroethane . . 
1,1,2 trichloro-1.2.2-trilluoroethane 
I, I-Dichloroethane 
I, l -Dichloroethene 
1.2cis-Dichloroethene 
1,2-trans-Dichloroethene 
1,3cis-Dichloropropene 
2-Butanone 
Acetone 
Bmmodichloromethane 
Chloroform 
Dichloromethane 
Ethylbenzene 
Tetrachloroethane 
Toluene 
Trichloroethene 
Trichlorofluoromethane 
Xylenes, Total 

I Identification of Current Groundwater Constituents of Potential Concern for the Site Employee Scenario 
(Maximum Detected Values Comoared to Background and Screenine Guidance Values) 

Minimum 
Concentration 

w, .. 6'.?! . . . . . . < 2.8.',,.., ,. 

\ ~ 75 . ., 4.6 . ', :;' 

94300 
18.3 

' .  1.6 . . . 
18.8 
2.9 

29100 
2.8 
1.6 
2.1 

2390 
1.5 
16.9 

46600 
2.4 
8.7 
3.9 
4.5 

0.30 
2.00 
2.50 
1.70 
0.47 
0.50 
0.50 
7.00 
1.00 
2.20 
0.50 

I 

I 
3 .OO 
0.50 
0.15 
0.60 
0.47 
2.20 

I 0.60 

I 

Maximum 
Concentration 

148.~0 . , 
< , , . '  40.20 , , ) .  . . 

I 15.00 
. . 7.70 
126000.00 

24.91 
593.00 ' . ' . 
1890.00 

2.90 
39600.00 
224.00 
2.70 , 

27.10 
3761.00 

1.50 
24.20 

84200.00 
2.40 
8.70 
14.60 
57.70 

3.30 
34.00 
3.50 
1.70 
4.00 
3.00 
1.20 

41.00 
12.00 
3.70 
5.40 

13.00 
0.60 
2.20 
1.50 
5.90 
2.50 
3.60 

Units 

u ~ / L "  
, ug/L 
ug/L 
ugn. 
uglL 
ug/L 
ugK 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ugL 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ue/L 

ug/L 
ug/L 
ug/L 
ug/L 
uglL 
ug/L 
ugL 
ug/L 
ug/L 
ug/L 
ugL 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Detection 
Frequency 

. 2-29 
-7 

.., 27-29 
' .6-32 

33-33 
6-32 

'.22-32 
14-3 1 
4-10 

32-32 
30-32 
5-10 
5-32 

27-33 
1-32 
6-29 
32-32 
1-29 
1-10 
12-29 
10-32 

79-193 
13-18 
2-191 
1-193 

103-159 
8-195 
2-195 
3-12 
6-12 

2-193 
9-197 
8-195 
2-197 

109-196 
4-197 

176-197 
2-188 
8-190 

Concentration 
Used for 

Screening and 
Risk 

37,523 
: ,  s ;;;-:.*,-- , ,. 

t0:578 . 

.. . 3 10.209 
, : ' . . '  ;;'..;;, 

1 1 1 1 10.664 

. . 6.076 
' :: :'1.167 

4064.888 
55.7 

40428.1 1 1 
229.568 

5.597 
34.957 

4461.063 

62425.563 

34.382 
17.1 

119.6 

0.668 

0.999 

0.516 

148.00 
, : 7 .:4b;2ij 

115.00 
. . 

:.- . .. 7.70 
126000.00 

24.9 1 
. . 593.00 

1890.00 
2.90 

39600.00 
224.00 

2.70 
27.10 

3761 .OO 
I .SO 

24.20 
84200.00 

2.40 
8.70 

14.60 
57.70 

3.30 
34.00 

3.50 
1.70 
4.00 
3.00 
1.20 

41.00 
12.00 
3.70 
5.40 

13.00 
0.60 
2.20 
1.50 
5.90 
2.50 
3.60 

Background 
Value 

_ .. ,102P9.00 
4. , ' 4.10 

120.00 
"':. : 5.10 

51.00 
,' ' 409.00 

51.00 

200.00 

51.00 

72.00 
3100.00 

307.00 
307000.00 

lOOO.00 

102.00 
200.00 

6100.00 
1000.00 

4.60 

38.00 
1000.00 
100.00 

2000.00 
26.00 

3100.00 
20000.00 

Site 
Employee 

Risk-Based 
GV 

, ., ,,- .. ' ,! 

j : . .  
a' ' 

I , b 
, a,d :,. 

I 
I 
1 
l a  
1 

a 

I ' a 
1 

I : 
I 

la, d 
a, d 
a 

a, d 
/ a 

a 
a 

i 
c 
a 
a 
a ' c 

l a  
1 a 
I 

*. .!JO:3. 
,.*,,YES. '. 
* ~ 0 ~ 3 .  

...<YES.; 
NO:4 

NO:3-,- :,'.,'- ::. 

NO:2 
NO:2 
NO:2 
NO:2 
NO:2 

NO:2,3 
NO:2 
NO: 1 
NO:3 
NO:4 
NO: I 
NO:2 

NO:2,3 
NO:2,3 

NO:3 
NO:3 
NO: I 
NO: I 
NO:3 
NO: I 
NO: I 
NO:3 
NO:3 
NO: I 
NO: I 
NO: I 
NO: I 
NO:3 
NO: I 
NO:3 
NO: I 
NO: I 

~:ference 
~ i ~ k - ~ ~ ~ ~ d  

IGV 

In i t i a l  
COPC 



Table 2.7 Initial Identification of Current Groundwater Constituents of Potential Concern for the Site Emolovee Scenario I 

a= 1110th HI for ingestion NO: l - <5% Detects 
b= 1110th HI for ingestion ofCr VI NO:2 - <Background Value 
c= cancer risk for ingestion NO:3 - < Risk-Based Guideline Value 
d= New Risk-Based Guideline Values calculated according to Mound GV 3/97 methodology NO:2,3 - <Background and Risk-Based Guideline Valye 

NO:4 - Essential Nutrient 
NC= 95% UCL not calculated, less than 20 samples in the data set. NO:5 -short half life, one detect 

! 

. - , 
lMaximum Detected Values Com~ared  to Backeround and Screening Guidance Values) I 

Chemical 

Radionuclides 
. . 

Actini&+227; i ,' :':t' : .' ; . . , .'; . . . 
Americium-24 I 
Bismuth-2 10 
Plutonium-238, - .  
~l~itoniupi-239040:- ' , : . . 
Radium-226 
Strontium-85 
Strontium-90 

Tho!um-Z?' .. . ., - . ., , , 
I '  norium-?28.. ,, 5. ': r '. ' , . . . ' : ' .  0.01. , : .2.17 : $in .; \14-35 . .. :.. :.. 2.1? ;':.' -;;, :.'0.779 1. ' .; 0.69 ' '.. c . . .  YES'.:' . -  - . - .  

0.01 4.30 / c NO:) 

Minimum 
Concentration 

: '. : : . 0.50 . 
0.03 
0.1 I 
0.01 - .  

, 0.00-: 
0.10 

25.00 
0.50 

. . . .  . 0.0 l 
I 

Maximum 
Concentration 

-2.. ' , ,O.SO ' 

0.03 
0.39 
0.25 

: . .  ' 2.00' 
0.52 

25.00 
0.50 

. ,  -.,,,- !?;"?.. 

Units 

:pCi/L 
pCilL 
pCilL 
pCi!L 
pCiL 
pCi/L 
pCilL 
pCilL 

-K!? 

Detection 
Frequency 

': ..'l:lO, 
1-9 

2-19 

8-48 _ 
'6-20 
6-19 
1-2 

3-19 

?;14... 

Concentration 
Used for 

Screening and 
Risk 

. , .. ..-: . - 0.50 
0.03 
0.39 

.- . . ;.- '?? 
. . .-.:2.00 

0.52 
25.00 
0.50 

. " * "  :,'!.!!. 

Background 
Value 

.' , s .  ;' , '* 
0.139 

. .., . ... 0.087 
: ,.0.125 

0.996 

0.975 

.- ...- .,.. 

Site 
Employee 

Risk-Based 
GV 

~dference 
Risk-Based 

GV 

Init ial  
COPC 

' YES. . 
NO:2,3 
NO:3 

YES , 

NO:?. 

NO:2,3 
NO:5 

NO:2,3 

,. 
NO:3 

I 

: ; ' 0.26 
0.49 
2.19 

. . .. 0.54 
; 0.51 

0.54 

2.90 

.. . . ?.?6 

. ! c .  . 
; c 
la,d 

- 1 c 
' ,  c . . 

, c 

i 
1 

. . . f32d.. -; 



NO <Background Value 
NC= 95% UCL not calculated, less than 20 samples in the data set. 

Table 2.8 Final Identification of Current Groundwater Constituents of Potential Concern for the Site Employee ~ce"ario 
lExnosure Point Concentration Comnared to Backround Values) 

Chemical 

Inorganics 
Antimony a , I .  ' , - s * '  *- 

Cadmium . 
Copper 

Radionuclides 
Actinium-227 
Plutonium-2391'240 ' 
Thorium-228 ' 
Tn t!um 

,* L , .  ~ranium-234' I , . 
Uranlum-238 

L 

I 

Mln~mum 
Concentrabon 

, 2.8 - 
4.6 

' 1.6 

0.50. 
0.00 . 
0.01 

C .  
11000 

; . 
0 13 

Maxlmum 
Concentrahon 

$7 ,40.20' 
7.70 

593.00 

' " 0.50 
' ' . , - ?.00 

2.17 
720000 

825 

Unlts 

ug/L 
up/L 
ug1L 

pC15 
p C i 5  
'$X 
pCllL 

0 . 2 0 " , ~ ~ 6 ~ ? " * : g . 1 4 ~ p C ~ - ' 1 4 - 1 9 ~ ~ ' ~ ' ~ C _ " :  
pCllL 

Detection 
Frequency 

:5-29 
6-32 

22-32 

1-10, 
6-20 
14-35 

1!2-128 

41-48 

95 Percent 
UCL 

4<80.30 
5.25 
57.40 

NC 
< -  8.87 

105.00 

86100 , 

047 

Concentration 
Used for 

Screen~ng and 
Rlsk 

. ' 40:20 
5.25 

57.40 

.0.50 , " 
' 2.00 

' - ' ' 2.17 
861 00 

'"-I,.- 8.14 
047 

Background 
Value 

I 
I 

' 1 0.578 
, 1 '  , 

11.167 
I 

I 

* 1 , 0.125 
7 0.779 
1485 47 

1 0 688 
I 

COPC 
RRE 

YES' 
YES, 
YES 

YES 
YES ' 
YES. 

-NO -,- 
~ i ) ; 7 9 2 . . * y ~ s '  

NO 



Table 2.9 Initial Identification of Future Groundwater Constituents of Potential Concern for the ~onstruc;ion Worker ~ce/ lar io 
(Maximum Detected Concentration Compared to Background and Mound Guideline Values) 

I 

~oistruction 
Worker Risk- 

Based GV 

Concentration 
Used for 

Screening 

Chemical Reference 
Risk-Based GV 

Background Maximum 
Concentration 

In Bedrock 
Wells 

Minimum 
Concentration 

In Bedrock 
Wells 

COPC'? 
Units Detection 

Frequency 
In Bedrock 

Wells 

95 Percent 
UCL 



Table 2.9 Initial Identification of Future Groundwater Constituents of Potential Concern for the Construction Worker scenario 

I 



I 

I 
Table 2.9 Initial ldentilication of Future Groundwater Constituents of Potential Concern for the Construction Worker ~ c e e a r i o  

oncentratlon 

a= 1110th HI for ingestion + inhalation + dermal NO: 1 - <5% Detects 
b= I/lOth HI for ingestion NO:2 - <Background Value 
c= cancer risk for ingestion+ inhalation+dermal NO:3 - < Risk-Based Guideline Value 
d= cancer risk for ingestion 

! 
NO:2,3 - <Background and Risk-Based Guideline Value 

e= Risk-Based Guideline Values calculated using the methodology, equations, NO:4 - Essential Nutrient or General ~ u a l i t ~  Parameter 
and parameters presented in Mound Screening GV 3/97 
NC= 95% UCL not calculated, less than 20 samples in the data set. NO:5 - Low detected, low frequency, sho,rt half life 
**RED = Constituent detected in bedrock well, but not in production well NO:6 - Common laboratory contaminant (EPA, 1998) 
'"'Green = Constituent detected in production well, not in bedrock wells; reported frequency of detection based on production wells analyses I 

I 



a= 1110th HI for ingestion + inhalation +dermal NO: I - -3% Detects 
b= 1/10th HI for ingestion NO:2 -  background Value I 

c= cancer risk for ingestion+ inhalation+dermal NO:3 - < Risk-Based Guideline Value 
d= cancer risk for ingestion NO:2,3 - <Background and Risk-Based ~ u i d e ~ i n k  Value 
e= Risk-Based Guideline Values calculated using the methodology, NO:4 - Essential Nubient or General Quality Parameter 
equations, and parameters presented in Mound Screening GV 3/97 
NC= 95% UCL not calculated, less than 20 san~ples in the data set. NO5 - Low detected, low frequency, short half life 
**RED = Constituent detected in bedrock well, but not in production well NO:6 - Common laboratory contaminant (EPA. 1998) 
"'Green = Constilucnt detected in production well, not in bedrock wells; reported frequency of detection based on production wells analyses 1 

Table 2.10 Final Identification of Future Groundwater Constituents of Potential Concern for the Construction Worker Scenario 1 
Ex sure Point Concentration Corn ared to Back round Values ( P o  P L : )  I 

Chemical Minimum 
Concentration 

In Bedrock 

Maximum 
Concentration 

In Bedrock 

Units Detection 
Frequency 
In Bedrock 

Background 
Value 

95 Percent 
UCL COPC.1 i 

Concentration 
Used for 

Screening 



Table 2.1 1 Initial Identification of Future Groundwater Constituents of  Potential Concern for the Site Employee Scenario 1 



Table 2.1 I Initial Identification of  Future Groundwater Constituents of Potential Concern for the Site Emolovee Scenario I 



Table 2.1 1 Initial Identification of Future Groundwater Constituents of Potential Concern for the Site Ernalovee Scenario I 

a= 1110th HI for ingestion NO: l - -3% Detects 
b= 1110th HI for ingestion of Cr VI N0:2 - <Background Value 
c= cancer risk for ingestion NO:3 - < Risk-Based Guideline Value 

NO:2,3 - <Background and Risk-Based Guideline VaJue 
NO:4 - Essential Nutrient or General Quality Parameter 

NC= 95% UCL not calculated, less than 20 samples in the data set. NO:5 - Low detected, low frequency, short half life I 
**RED = Constituent detected in bedrock well, but not in production well NO:6 - Common laboratory contaminant (EPA, 1998) 
^^Green = Constituent detected in production well, not in bedrock wells; reported frequency of detection based on production wells analyses 



Table 2.12 Final Identification of Future Groundwater Constituents of Potential Concern for the Site Employee Scenario 1 

a= 1110th HI for ingestion NO: I - <5% Detects 
b= 1110th HI for ingestion of Cr V1 NO:2 - <Background Value 
IF cancer risk for ingestion NO:3 - < Risk-Based Guideline Value 

NO:2,3 -<Background and Risk-Based Guideline Value i 
NO:4 - Essential Nutrient or General Quality Parameter ; 

NC= 95% UCL not calculated, less than 20 samples in the data set. NO:5 - Low detected, low frequency, short half life 
**RED = Constituent detected in bedrock well, but not in production well NO:6 - Common laboratory contaminant (EPA, 1998) 
"Green = Constituent detected in production well, not in bedrock wells; reported frequency of detection based on production wells analyses 



Table 3.1 Exposure Assumptions for Site Employee and Construction Worker Scenarios in Parcel 4 

Parameter 

hlediumlpatbway 
Surface soil (0 - 2 ft.) & Sediment 
Incidental ingution 

Soil ingestion nu 
Exposure frequency 
Exposure duration 
Body weight 
Carcinogen averaging time 

. . N o n c a r c . @ o g ~ y ~ g i n g  time 
Conversion Factor 

lnhalation of VOCs and dust 

Inhalation rate 
Exposure frequency 
Exposure duration 
Body weight 
Carcinogen averaging time 
Noncarcinogen averaging time 
Conversion Factor 
Air Exchange R a e  

Surfacc/Subsurface soil (0 - 10 ft.) 
Incidental ingestion 

Soil ingestion rate 
Exposure frequency 
Exposure duration 
Body weight 
Carcinogen averaging time 
Noncarcinogen averaging time 

Conversion Factor 
Inhalation of VOCs and dust 

Inhalation rate 
Exposure frequency 
Exposure time 
Exposure duration 
Body weight 
Carcinogen averaging time 
Noncarcinogen averaging time 

Panicle Emissions Factor 
Conversion Factor 
Conversion Factor 

External Exposure 
Soil to skin adherence factor 
Gamma Shielding Factor 
Gamma Exposure Time Factor 
Exposure Duration 2 
Exposure Frequency 

Site-Employee 
Adult 

50 
253 
25 
70 

25550 
-. . - 9125- _ -  

I .OOE-06 

20 
250 
25 
70 

25550 
9125 
0.042 
0.45 

50 
250 
25 
70 

25550 
9125 

lxlo4 

20 
250 

8 
25 
70 

25550 
9125 

4.28 x lo9 
1000 
0.042 

0.2 
1/12 

25 x 0.685 
250 

Unia 

mglday 
&ydywr 
years 

kg 
days 
&ys - 

kdm6 

m3/day 
dayslyear 
years 

kg 
days 
days 
dayshour 
air changeshour 

m g l d a ~  
dayslyear 
years 

kg 
days 
days 

kdmg 

m3/day 
dayslyear 
hours/day 
years 

kg 
days 
days 
m3/kg 

0 6  
dayshour 

mgIcm2 

years 
daylyear 

Reference 

a 
b 
c 
d 
e 

---e- -- 

f 
b 
c 
d 
e 
e 

h 

a 
b 
c 
d 
e 
e 

f 
b 

6 
c 
d 
e 
e 

k 

c 
b 

Construction 
Worker Adult 

480 
259 
5 

70 
25550 

. _ __1825-- 
I .WE-06 

20 
250 
5 

70 
25550 
1825 

0.042 
NIA 

480 
250 
5 
70 

25550 
1825 

1x10" 

20 
250 
8 
5 
70 

25550 
1825 

4.28 x lo9 
1000 
0.042 

0.3 
0.1 
113 

5 x 0.685 
250 



Table 3.1 Exposure Assumptiom for Site Employee and Construction Worker Scenarios in Parcel 4 



Table 3.1 (references) 
Exposure Assumption References 

a Soil ingestion rate Risk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. 
(DOE 1997c) and RAGS Part A (EPA 1989) 

b Exposure frequency hsk-Based Guideline Values, Mound Plant, Miamisburg, Oho. 
(DOE 1997c) and RAGS Part A (EPA 1989) 

c Exposure duration Exposure duration for the construction worker and site employee is 
based on hsk-Based Guideline Values, Mound Plant, Miamisburg, 

-- - -0ho;(DOE-1997c) and RAGS Part A-(EPA 1989)-- - -- - 

d Body weight Risk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. 
(DOE 1997c) and RAGS Part A (EPA 1989). 

e Averaging time Carcinogenic averaging time = 70 yrs * 365 dayslyear. 
Non-carcinogenic averaging time = exposure duration (yrs) * 365 
dayslyear. 

f Inhalation rate Risk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. 
(DOE 1997c) and EFH Volume I, Table 1-2. 

g Exposure time Risk-Based Guideline Values, Mound Plant, Miamisburg, Ohio. 
(DOE 1997c) and RAGS Part A (EPA 1989) 

h Air exchange rate Volume of residential homes, EFH, Volume 111, Table 17-3. 50" 
percentile air exchange rate of 0.45 air changes per hour, EFH, Volume 
111, Table 17-10 (EPA 1997). 

i Dnnking water ingestion Risk-Based Guideline Values, Mound Plant, Miamisburg, 
Oho.(DOE 1997c) and RAGS Part A (EPA 1989). 

j Skin surface available hsk-Based Guideline Values, Mound Plant, Miamisburg, 
for contact Oho.  (DOE 1997c) and RAGS Part A (EPA 1989). 

k Soil to skin adherence Dermal Guidance from Mark Johnson, USEPA Region 5 ,  
Factor January 2000. 



Table 4.1 Toxicitv Criteria and other Physical Chemical Values I 
I RID (mglkglday) CSF (kg-daylmg) I Ijermal 1 
ll~onstituent Oral Adjusted Inhalation Oral Adjusted Inhalation 1 Absorption 11 

RID0 RfDa RIDi CSFo CSFa CSFi CSFex Cl Factor I Kp(cm1hr) T (hr) A bs 

Volatile Organic Compounds (VOCs) I 
I, I, l -trichloroethane 3.50E-02 a 2.70E-02 2.90E-01 a NA N A N A NA 0.90 d 0.017 0.570 e NA 

Endosulfan Sulfate NA NA NA NA NA NA N A N A 
Endrin Aldehyde NA NA N A NA N A NA NA N A 
Endrin Ketone NA NA N A NA N A ' NA NA NA 

1,1,2-trichloro-1,2,2trifluoroeth 3.00E+01 b 2.40EMI 8.60EM0 c NA NA N A NA 0.80 d 0.009 e NA 
1,2-cis-Dichlorethene I.OOE-02 c I .OOE-02 NA NA N A N A NA 1 .OO dl 0.010 0.340 e NA 
1,2-Dichloroethene 9.00E-03 b NA N A NA N A N A NA 1 .OO d, 0.010 0.340 e NA 
Alpha Chlordane NA N A NA NA N A N A NA 0.50 I? 0.046 28.000 e NA 
Carbon Tetrachloride 7.00E-04 b 4.55E-04 5.70E-04 a I.3OE-01 b 2.00E-01 5.25E-02 b NA 0.65 d 0.022 0.760 c NA 
Chloroform I.OOE-02 b 2.00E-03 8.60E-05 a 6.10E-03 b 3.05E-02 8.05E-02 b NA 0.20 d 0.009 0.470 e NA 

Semivolatile Organic Compounds (SVOCs) I 

I 
Metals I 
Aluminum 1.00E+00 a 1.00E-01 1.40E-03 a NA N A  N A  N A  0.10 d, 0.001 e 
Antimony 4.00E-04 b 8.00E-06 NA NA N A N A N A 0.02 d 0.001 e 0.0010 d 
Beryllium 2.00E-03 b 2.00E-05 5.71E-03 b 4.30EWO b NA 8.40Ei-00 b NA 0.00 1 

O.O1 ' 0.OOl 
e 

Bismuth NA NA NA NA NA N A N A NA e NA 
Boron 9.00E-02 b 8.10E-03 5.718-03 c NA N A N A N A 0.09 dl 0.001 e 
Cadmium 5.00E-04 b 5.00E-06 5.708-05 a NA NA 6.30E+00 b NA 0.01 d 0.001 e 
Cerium NA NA NA NA NA N A NA NA NA 
Chromium V I  ' 3.00E-03 b 6.00E-05 NA NA NA 4.10EMI c NA 0.02 d] 0.001 e 
Cobalt 6.00EM2 a 4.80ENI NA N A NA N A N A 0.08 dl 0.001 c 
Copper 4.00E-02 a 1.20E-02 NA NA NA NA NA 0.30 d 0.001 e 
Lead NA NA NA NA NA NA NA 0.15 di c 

Lithium NA NA NA N A NA NA NA NA e NA 
Manganese 2.40E-02 b 9.60E-04 1.438-05 b NA N A N A NA 0.04 dl 0.001 e 
Molybdenum 5.00E-03 c 1.90E-03 NA N A NA NA NA 0.38 0.00 1 e 

dl Neodymium NA NA N A NA NA NA NA NA NA 
Nickel 2.00E-02 b 5.408-03 NA NA N A NA NA 0.27 dl 0.001 c 
Selenium 5.00E-03 b 2.20E-03 NA NA NA N A NA 0.44 dl 0.001 e 
Thallium 8.00E-05 b 1.20E-05 NA NA N A  N A NA 0.15 d 0.001 e 0.0010 

2-Methylnaphthalene NA NA NA NA NA N A NA NA 
4-Chloro-3-methylphenol NA NA NA NA NA N A NA NA 
Acenaphthylene NA NA NA NA NA N A NA 0.31 d 
Benzo(a)pyrene NA NA NA 7.3E+00 7.30E+00 3. IOE+00 NA 0.89 f 
Benzo(b)fluoranthene N A NA NA 7.3E-01 7.3OE-01 3. IOE-01 NA 0.89 f 
Benzo(g,h,i)perylene N A NA NA NA NA N A NA 0.89 f 
Carbazole NA NA NA 2.OE-02 2.00E-02 NA NA 0.70 d 
Indeno(l,2,3-cd)pyrene NA NA NA 7.3E-01 7.30E-01 3.10E-01 NA 0.89 f 
Phenanthrene NA NA NA NA NA N A NA 0.73 d 

NA 
NA 
0.10 d 
0.13 f 
0.13 f 
0.13 f 
0.10 d 
0.13 f 
0.10 d 

Pesticides I 
Delta-BHC NA NA NA NA N A N A NA NA 1 NA 



a=NCEA 
b= IRIS 
c=HEAST 
d=values compiled by ORNL. DOE-ORIERD site and presented on RAlS web page. 
e=Dermal Exposure Assessment Principles and Applications, 1992, EPA160018-911011B for Kp and lag time 
f=values provided by Mark Johnson USEPA for the Draft Dermal Risk Assessment Guidance for RAGS 
NA*  HEAST does not recommend adjusting CSFo for dermal 

Table 4.1 Toxicitv Criteria and other Phvsical Chemical Values 

RID (mglklday) CSF (kg-daylmg) 
Constituent Oral Adjusted Inhalation Oral Adjusted Inhalation 

Dermal 
Absorption 

RlDo RfDa RlDi CSFo CSFa CSFi CSFex G I  Factor Kp(cm1hr) T (hr) Abs 

Radionuclides I 
Actinium-227+D NA N A N A 6.26E-10 c NA  7.87E-08 c 9.308-07 c NA* ) NA 
Bismuth-2 10 NA NA  NA  7.298-12 c NA 5.I2E-l l c O.OOEM0 c NA*  N A 
Cobalt-60 NA NA  N A  1.89E-l l c N A  6.88E-11 c 9.76E-06 c 
Lead-2 10 NA N A NA  6.758-10 c NA 1.67E-09 c 1.12E-I0 c 
Neptunium-237+D N A NA  NA 3.00E-I0 c NA  3.456-08 c 4.62E-07 c 

I 
Plutonium-238 NA NA NA 2.956-10 c NA  2.74E-08 c 1.94E-l l c NA*  I NA 
Plutonium-2391240 NA  N A NA  3.16E-10 c N A  2.78E-08 c 1.26E-l l c NA*  
Radium-226 NA NA NA  2.96E-10 c NA 2.75E-09 c 6.74E-06 c NA*  NA 
Radium-228+D NA NA NA 2.48E-10 c NA 9.948-10 c 3.28E-06 c 

1 NA 

Strontium-90+D NA NA NA 5.59E-1 1 c NA 6.938-1 1 c 0.00E+00 c I 
Thorium-227 NA NA N A 4.04E-l l c NA 4.31E-09 c 1.746-07 c NA*  ) NA  
Thorium-228+D NA NA NA 2.31E-I0 c NA 9.68E-08 c 6.20E-06 c NA* I NA 
Tritium N A NA NA 7.15E-14 c 7.158-14 9.59E-14 c 0.00EM0 c 1.00 c1 I .SOE-05 
Uranium-234 NA NA NA 4.44E-11 c NA  1.40E-08 c 2.14E-ll c NA*  
Uranium-235+D NA N A N A 4.70E-I1 c NA  1.30E-08 c 1.72E-l l c NA' 
Uranium-238 NA NA  N A 4.2JE-ll c N A  1.24E-08 c 1.50E-l l c NA*  

I es 
I NA 

NA= Not Available I 



Table 5.1 Total Residual Risk for a Construction Worker Exposed to Soil in Parcel 4 

Constituent 

I CANCER EFFECTS I I NON-CANCER EFFECTS I 
i 

Route-Specific Risk Cancer Route-Specific I4Q , Non-Cancer 
Oral Dermal Inhalation Inhalation External Risk Oral Dermal Inhalation I Inhalation External Ill 

Dust VOCs Total ~ u s t  i vocs Total 
EPC 

Pesticides \ 

Endrin Aldehyde 0.00093 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Endrin Ketone 0.00086 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

Metals - 
Antimony 12.60 NC NC NA NAP NAP O.OE+OO 1.5E-01 1.7E-03 NA ' NAP NAP l.5E-Ol 

i 
Bismuth 70.40 NC NC N A NAP NAP O.OE+OO NA N A NA NAP NAP O.OE+OO 
Cerium 50.90 NA N A NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Neodymium 33.40 NA NA NA NAP NAP O.OE+OO N A NA NA NAP NAP O.OE+OO 
Thallium 0.66 NC NC NC NAP NAP O.OE+OO 3.9E-02 5.8E-05 NA NAP NAP 3.9E702 

svocs 
Acenaphthylene 
Benzo(a)pyrene 
Benzo(b)Iluoranthene 
Benzo(g,h,i)perylene 
Carbazole 
Indeno( 1.2.3-cd)pyrene 
Phenanthrene 

0.243 NC NA NC NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
0.33 8.IE-07 3.3E-07 3.38-12 NAP NAP l.lE-06 NA NA NA NAP NAP O.OE+OO 

0.439 I. l E-07 4.4E-08 4.4E- 13 NAP NAP 1 SE-07 NA NA NA 1 NAP NAP O.OE+OO 
0.241 NC NC NC NAP NAP O.OE+OO NA NA NA ' NAP NAP O.OE+OO 
0.219 1.5E-09 4.6E-I0 NA NAP NAP 1.9E-09 NA NA NA ' NAP NAP O.OE+OO 
0.253 6.28-08 2.5E-08 2.6E-13 NAP NAP 8.78-08 NA NA NA NAP NAP O.OE+OO 
0.338 NC NC NC NAP NAP O.OE+OO N A N A NA NAP NAP O.OE+OO 

EPC 1 I 
Radionuclides nCi/e 
Actinium-227 0.64 2.48-07 NAP 2.9E-I0 NAP 2.5E-07 4.98-07 N A NAP NA O.OE+OO 
Lead-2 10 1.84 I. IE-06 NAP 4.IE-l l NAP I.IE-I0 l.lE-06 NA NAP NA 1 KF NA O.OE+OO 
Plutonium-238 76.1 1 I.3E-05 NAP 1.2E-08 NAP 6.IE-I0 1.3E-05 NA NAP NA NAP NA O.OE+OO 
Radium-228 2.57 3.88-07 NAP 1.5E-ll NAP 3.58-06 3.9E-06 N A NAP N A O.OE+OO 

I 
TOTAL 1.6E-05 4.OE-07 1.3E-08 O.OE+OO 3.7E-06 2.OE-05 l 9 E O l  I7E-03 O.OE+OO / O.OE+OO O.OE+OO 1.9E-01 

EPC Exposure point concentration 1 
m f l g  Milligram per kilogram. 
NA Not available; insufficient toxicity data. 
NAP Not applicable pathway; not a VOC. 
PCik Picocuries per gram 
VOCs Volatile organic compounds. 
Numbers written as I.OE-03 equal 1x10". 

1 
: 



Table 5.1 Total Residual Risk for a Construction Worker Exposed to Soil in Parcel 4 

I 
I 

Constituent 

Pesticides 
Endrin Aldehyde 
Endrin Ketone 

Metals - 
Antimony 
Bismuth 
Cerium 
Neodymium 
Thallium 

Acenaphthylene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h.i)perylene 
Carbazole 
lndeno( 1.2.3-cd)pyrene 
Phenanthrene 

Radionuclides 
Actinium-227 
Lead-2 10 
Plutonium-238 
Radium-228 

I 

I CANCER EFFECTS 1 I NON-CANCER EFFECTS 1 
Route-Specilic Risk Cancer Route-Specific HQ I Non-Cancer 

Oral Dermal Inhalation Inhalation External Risk Oral Dermal Inhalation I Inhalation External I+ I 
Dust VOCs Total Dust i VOCs Total 

-EPc I 

0.00093 NA N A NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
0.00086 N A NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

12.60 NC N A NAP NAP O.OE+OO 1.5E-01 5.5E-02 
I 

NC NC 
NA NAP NAP 2.OE-0 1 

70.40 NC: NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
50.90 N A NA NA NAP NAP O.OEM0 NA NA NA NAP NAP O.OE+OO 
33.40 NA NA NA NAP NAP O.OE+OO NA N A NA NAP NAP O.OE+OO 
0.66 NC NC NC NAP NAP O.OE+OO 3.9E-02 O.OEW NAP 3.9E-02 NA ' NAP I 
0.243 NC NC NC NAP NAP O.OE+OO NA NA NA 1 NAP NAP O.OE+OO 
0.33 8. I E-07 NC 3.38-12 NAP NAP 8. IE-07 NA NA NA I NAP NAP O.OE+OO 
0.439 I. l E-07 NC 4.48-13 . NAP NAP I .  I E-07 NA NA NA I NAP NAP O.OE+OO 
0.241 NC NC NAP NAP O.OE+OO N A NA NA NAP NAP O.OE+OO NC 

NC 0.2 19 1.5E-09 NA NAP NAP 1.5E-09 N A N A NA 1 NAP NAP O.OE+OO 
0.253 6.28-08 NC 2.68-13 NAP NAP 6.2E-08 NA N A NA 1 NAP NAP O.OE+OO 
0.338 NC NC NC NAP NAP O.OE+OO NA N A NA i NAP NAP O.OE+OO 

EPC 
&gg 
0.64 2.4E-07 NAP 2.9E-10 NAP 2.5E-07 4.9E-07 NA NAP N A O.OE+OO E I E;: 1.84 l.lE-06 NAP 4.IE-ll  NAP l.lE-I0 l.lE-06 N A NAP N A O.OE+OO 

76.11 1.3E-05 NAP 1.2848 NAP 6.1E-I0 1.3E-05 N A NAP NA NAP N A O.OE+OO 
2.57 3.8E-07 NAP 1.5E-1 1 NAP 3.5E-06 3.9E-06 NA NAP NA ( NAP NA O.OEMO 

! 

TOTAL 1.6E-05 0.OE-cOO 1.3E-08 O.OE+OO 3.7E-06 2.OE-05 1.9E-Ol 5.5E-02 O . O M  /0.01+00 O.OCaO 2.4E-01 

EPC Exposure point concentration 

mglkg Milligram per kilogram. 
I 
1 

NA Not available; insullicient toxicity data. 
NAP Not applicable pathway; not a VOC. ! 
pCik Picocuries per gram 
VOCs Volatile organic compounds. 

i 
I 

Numbers written as 1 .OE-03 equal 1x 10". i 



Table 5.2 Background Residual Risk for a Construction Worker Exposed to Soil in Parcel 4 

1 CANCER EFFECTS I I NON-CANCER EFFECTS I 
Route-Specific Risk Cancer Route-Specific HQ I 

Non-Cancer 
Constituent Oral Dermal Inhalation Inhalation External Risk Oral Dermal Inhalation , Inhalation External 13 I 

Dust VOCs Total Dust I VOCs Total 
EPC 

Pesticides 
Endrin Aldehyde 
Endrin Ketone 

h*etals - 
Antimony 
Bismuth 
Cerium 
Neodymium 
Thallium 

s v o c s  - 
Acenaphthylene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Carbazole 
Indeno( 1.2.3-cd)pyrene 
Phenanthrene 

NA NA N A NAP NAP O.OE+OO NA NA NA j NAP NAP O.OE+OO 
NA N A N A NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

I 

I 

NC NC N A NAP NAP O.OE+OO O.OE+OO O.OE+OO NA NAP NAP O.OE+OO 
NC NC NA NAP NAP O.OE+OO NA NA NA I NAP NAP O.OE+OO 
N A N A N A NAP NAP O.OE+OO N A N A NA ' NAP NAP O.OE+OO 
NA N A NA NAP NAP O.OEMO NA NA NA NAP NAP O.OE+OO 
NC NC NC NAP NAP O.OE+OO 2.7E-02 4.OE-05 NA ' NAP NAP 2.7E-02 

NC NC NC NAP NAP O.OE+OO NA NA NA ! NAP NAP O.OE+OO 
O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE+OO N A NA NA NAP NAP O.OEMO 
O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE+OO N A N A NA ' NAP NAP O.OE+O 

NC NC NC NAP NAP O.OE+OO NA N A NA I NAP NAP O.OE+OO 
O.OE+OO O.OE+OO NA NAP NAP O.OE+OO N A NA NA , NAP NAP 0.OEMO 
O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE+OO N A NA NA I NAP NAP O.OE+OO 

NC NC NC NAP NAP O.OE+OO N A NA NA , NAP NAP O.OE+OO 

EPC 
I 

Radionuclides 
Actinium-227 O.OE+OO NAP O.OE+OO NAP O.OE+OO O.OE+OO NA NAP NA i NAP 
Lead-2 10 O.OE+OO NAP O.OE+OO NAP O.OE+OO O.OE+OO NA NAP NA NAP 
Plutonium-238 0.13 2.3E-08 NAP 2.IE-\I NAP l.OE-12 2.3E-08 NA NAP NA NAP 
Radium-228 O.OE+OO NAP O.OE+OO NAP O.OE+OO O.OE+OO NA NAP NA NAP 

TOTAL 2.3E-08 O.OE+OO 2. IE-l l O.OE+OO I.OE-12 2.3E-08 2.78-02 4 .0~-05 O.OE+OO 1 O.OE+OO O.OE+OO 2.78-02 

EPC 
mag 
N A 
NAP 
PCik 
v o c s  

Exposure point concentration 
Milligram per kilogram. 
Not available; insuflicient toxicity data. 
Not applicable pathway; not a VOC. 
Picocuries per gram 
Volatile organic compounds. 

Numbers written as I.OE-03 equal 1x 10". I 
I 



Table 5.3 incremental Residual Risk for a Construction Worker Exposed to Soil i n  Parcel 4 

I 
I CANCER EFFECTS I I NON-CANCER EFFECTS I 

Route-Specific Risk . Cancer Route-Specific HQ 1 Non-Cancer 
Oral Dermal Inhalation Inhalation External Risk Oral Dermal Inhalation ! Inhalation External 1.11 

Dust VOCs Total Dust ! VOCs Total 
EPC I 

Pesticides 
Endrin Aldehyde 0.00093 N A  N A  N A  NAP NAP O.OE+OO N A  N A  N A  I NAP NAP O.OE+OO 
Endrin Ketone 0.00086 N A  N A  N A  NAP NAP O.OE+OO N A  N A  N A  1 NAP NAP O.OE+OO 

Metals 
Antimony 
Bismuth 
Cerium 
Neodymium 
Thallium 

Acenaphthylene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Carbazole 
Indeno(l.2.3-cd)pyrene 
Phenanthrene 

NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

I 

1.7E-03 I NAP 
N A  

N A  I 

N A  I NAP 
N A N A  1 NAP 
N A  N A  I NAP 

1.7E-05 N A  1 NAP 

I 

N A  
N A  N A  NAP 
N A  N A  j NAP 
N A  N A  NAP 
N A  N A  NAP 
N A N A  NAP 
N A  N A  i NAP 

EPC 
Radionuclides aci/e 
Actinium-227 0.64 2.48-07 NAP 2.9E-I0 NAP 2.5E-07 4.98-07 N A NAP N A  
Lead-2 10 1.84 I .  IE-06 NAP 4 . IE - l l  NAP l . lE- I0  l.lE-06 N A  NAP N A  
Plutonium-238 75.98 1.3E-05 NAP 1.2E-08 NAP 6.IE-I0 1.3E05 N A  NAP N A  
Radium-228 2.57 3.8E-07 NAP 1.5E-l l NAP 3.58-06 3.9E-06 N A  NAP N A  

NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

T O T A L  1.6E-05 4.OE-07 1.3E-08 O.OE+OO 3.7E-06 2.OE-05 
I 

1.6E-OI 1.7E-03 O.OE+OO , O.OE+OO O.OE+OO 1.6E-OI 
I 

EPC Exposure point concentration I 

mg'k  Milligram per kilogram. 
N A  Not available; insufficient toxicity data. 

1 
NAP Not applicable pathway; not a VOC. 1 
6 i l g  Picocuries per gram 
VOCs Volatile organic compounds. j 
Numbers written as I.OE-03 equal 1x10". 



Table 5.4 Total Residual Risk for a Site Employee Exposed to Surface Soil in Parcel 4 

Constituent 

I CANCER EFFECTS I I NON-CANCERI EFFEC~S I 
Route-Specific Risk Cancer Route-Specific HQ ! Non-Cancer 

Oral Inhalation Inhalation External Risk Oral Inhalation lnhalatibn External 1.1 1 
Dust VOCs Total Dust V O C ~  Total 

EPC ! 

Pesticides I 
Delta-BHC 0.004670 NA NA NAP NAP O.OE+OO NA NA NAP O.OE+OO 
Endosulfan Sulfate 0.000560 NA NA NAP NAP O.OE+OO NA NA E:! NAP O.OE+OO 
Endrin Aldehyde 0.000930 NA NA NAP NAP O.OE+OO NA NA NAP O.OE+OO 
Endrin Ketone 0.000250 NA NA NAP NAP O.OE+OO NA NA NAP O.OE+OO 

NAP l 
MetRls 
Bismuth 
Lithium 

28.50 NA NA NAP NAP O.OE+OO NA NA NAP 
26.80 NA NA NAP NAP O.OE+OO 6.68-04 NA NAP 

Semi-Volatile Omanic  Comnounds 
2-Methylnaphthalene 0.063 NA NA NAP NAP O.OE+OO NA NA NAP 
4-Chloro-3-methylphenol 0.007 NA NA NAP NAP O.OE+OO NA NA NAP 
Phenanthrene 0.078 NA NA NAP NAP O.OE+OO N A NA NAP 

NAP O.OE+OO 
NAP 6.6E-04 

NAP O.OE+OO 
NAP O.OE+OO 
NAP O.OE+OO 

EPC 1 
Radionuclides aCi/e 
Actinium-227 0.82 1.6E-07 1.9E-09 NAP 1.6E-06 1.7E-06 N A NA N A P /  NA O.OE+OO 

TOTAL 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

NAP 1 

NAP 
NAP 
NAP ' 
NAP / 
NAP 

EPC 

mp/kg 
NA 
NAP 
pCi1g 
v o c s  

Exposure point concentration 
Milligram per kilogram. 
Not available; insufficient toxicity data. 
Not an applicable pathway. 
Picocuries per gram 
Volatile organic compounds. 

Numbers written as I .OE-03 equal 1 x 10". 



Table 5.5 Background Residual Risk for a Site Employee Exposed to Surface Soil in Parcel 4 ! 
I 

I CANCER EFFECTS I I NON-CANCERIEFFECTS I 
Route-Specific Risk Cancer Route-Specific H Q  I Non-Cancer 

Constituent Oral Inhalation Inhalation External Risk Oral Inhalation Inhalation External HI 
Dust VOCs Total Dust VOCS' Total 

EPC I 

& 
i 

Pesticides 
I 

Delta-Bt l c  NA NA NAP NAP o.oE+oo NA NA i N A P ,  NAP O.OE+OO 
Endosulfan Sulfate N A NA NAP NAP O.OE+OO NA NA NAP / NAP O.OE+OO 
Endrin Aldehyde NA NA NAP NAP O.OE+OO NA NA NAP 1 NAP O.OE+OO 
Endrin Ketone NA NA NAP NAP O.OE+OO NA NA NAP 1 NAP O.OE+OO 

Bismuth 
Lithium 

NA NA NAP NAP O.OE+OO NA NA NAP NAP O.OE+OO 
26 NA N A NAP NAP O.OE+OO 6 . 4 8 4 4  NA NAP 1 NAP 6.48-04 

Semi-volatile Omanic  Comnounds 
2-Methylnaphthalene 
4-Chloro-3-methylphenol 
Phenanthrene 

NA N A NAP NAP O.OE+OO NA NA NAP I NAP O.OE+OO 
NA NA NAP NAP O.OE+OO NA NA NAP / NAP O.OE+OO 
NA NA NAP NAP O.OE+OO NA N A NAP O.OE+OO 

NAP I 
Radionuclides 
Actinium-227 
Cobalt-60 
Lead-2 10 
Neptunium-237 
Plutonium-238 
Radium-228 
Strontium-90 
Thorium-230 
Uranium-235 
Uranium-238 

EPC 
a 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.13 1.2E-08 
O.OE+OO 

0.72 1.3E-08 
1.90 2.28-08 
0.11 1.6E-09 
0.96 1.9E-08 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

I 
NAP ( NA 
NAP NA 
NAP ( NA 
NAP NA 
NAP I NA 
NAP ( NA 
NAP 1 NA 

NAP I NA 
NAP I NA 
NAP ( NA 

TOTAL 6.78-08 1.4E-09 O.OE+OO 1.9E-07 2.68-07 6.4E-04 O.OE+OO O.OE+OO O.OE+OO 6.48-04 
1 

EPC Exposure point concentration 
I 

mglkg Milligram per kilogram. i 
N A Not available; insufficient toxicity data. 
NAP Not an applicable pathway. 
pCi1g Picocuries per gram 
VOCs Volatile organic compounds. 
Numbers written as I .OE-03 equal 1; 10.'. 

I 



I 

Table 5.6 Incremental Residual Risk for a Site Employee Exposed to Surface Soil in  Parcel 4 

I 
I 

I CANCER EFFECTS I I NON-CANCER EFFECTS 1 
Route-Specific Risk Cancer 

Constituent Oral Inhalation Inhalation External Risk 

Dust VOCs Total 
EPC 
& 

Peglieides 
Delta-BIIC 0.004670 N A N A  NAP NAP O.OE+OO 
Endosulfan Sulfate 0.000560 N A N A  NAP NAP O.OE+OO 
Endrin Aldehyde 0.000930 N A N A  NAP NAP O.OE+OO 
Endrin Ketone 0.000250 N A  N A NAP NAP O.OE+OO 

Metals - 
Bismuth 
Lithium 

28.50 N A N A  NAP NAP O.OE+OO 
0.80 N A  N A  NAP NAP O.OE+OO 

Scmi-Volatile Ornsnic Comnounds 
2-Methylnaphthalene 0.063 N A N A NAP NAP O.OE+OO 
4-Chloro-3-methylphenol 0.007 N A  N A NAP NAP O.OE+OO 
Phenanthrene 0.078 N A  N A  NAP NAP O.OE+OO 

Radionuclidcs 
Actinium-227 
Cobalt-60 
Lead-2 10 
Neptunium-237 
Plutonium-238 
Radium-228 
Strontium-90 
Thorium-230 
Uranium-235 
Uranium-238 

EPC 
fi 
0.82 
0.05 
1.84 
0.1 1 
26.27 
2.57 
1.38 
3.61 
0.00 
0.28 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

T O T A L  3.3E-06 2.58-08 O.OE+OO 2.OE-05 2 J E 0 5  

Route-Specilic HQ I Non-Cancer 
Oral Inhalation Inhalation External H I  

Dust VOCs I Total 

I 

NAP 
NAP 
NAP 
NAP 

NAP 
NAP 

NAP 
NAP 
NAP 

N A  NAP 
N A NAP 
N A NAP 
N A NAP 
N A  NAP 
N A  NAP 
N A NAP 
N A NAP 
N A NAP 
N A NAP 

I 
NAP 
NAP 
NAP 
NAP 

I 
I 

NAP 
NAP 

I 
NAP 
NAY 

EPC Exposure point concentration 

m g k g  Milligram per kilogram. 
N A Not available; insuflicient toxicity data. 
NAP Not an applicable pathway. 
pCilg Picocuries per gram 
VOCs Volatile organic compounds. 

Numbers written as I .OE-03 equal 1 XI 0". 



'I'able 5.7 Current ' l ' o t ~ l  Residual (;rounclwater I t isk for  the (:onstruclion Worker  Scenario I 
I 

Route-Spccific Risk Cancer Routc-Spccilic I IQ  No~i -C 'a~~cer  
01al  Dcr~i ia l  l~ i l ia la t io~ i  Risk Oral DC~I I I ;~~  I ~ i l i a l a t i o~~  Ill 

Total VOC[SIK,NC~) Total 1 VOC's .l'ot;il 

I.: I'< ' i 
hlctols 

A ~ i t i ~ i ~ o ~ i y  

C a i l ~ ~ ~ i u ~ i i  

Coppcr 

~iigl l ,  
N A 

NAP 
NC 
pCi lL 
v o c s  

Mil l igraii i  pcr liter. 
Not available: i n s ~ ~ f i c i e ~ ~ t  toxicity data. 

Not applicahlc pathway; not a VOC. 
Not a suspected carcinoge~i. 
Picoc~~ries per liter. 
Volatilc organic co~i ipou~ids.  



i 
'I'ahle 5.8 (:urrent Background Itesidunl (;rnund~vnler Risk for the Construction Worker Scenario I 

I 
I CANC'EK ~:I;I~E:<:'I's I I NON-(~N( 'EI~  I'I'I;E("I'S I 

Route-Specilic Risk Cancer Route-Spccilic I IQ Non-Ca~~cer 
Oral Dcrtr~al 111lialatio11 Risk Oral c r 1 1  lrll~alatio~~ 111 

Total voc,~~t,>~~,~ 'fotal I ! VOCs l'otal 

k:l'( I 

hletrls 
AII~~IIIOIIY 

Cat l l l~ iu l~~ 

Coppcr 

111glL 
N A 

NAP 
NC 
pCi/L 
vocs 

Milligrani per liter. 
Not available; ins~tfficient toxicity data 
Not applicable patliway; 1101 a VOC. 
No1 a suspected carcinogen. 
Picocuries per liter. 
Volatile organic compounds. 
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Table 5.10 

I 

Current Total Residual Groundwater Risk for Site Employee Scenario 
i 
I 

Constituent 

I 

 CANCER EFFECTS I I NON-CANCER EFFECTS , I 
Route-Specific Risk Route-Specific HQ Non-Cancer 

Oral Risk Oral HI 
Total Total Total 1 
EPC 1 

Metals 
Antimony 
Cadmium 
Copper 

Radionuclides 
Actinium-227 
Plutonium-2391240 
Thorium-228 
Uranium-234 

TOTAL l.lE-05 l.lE-05 

I 
NAP NAP / 
NAP NAP i 
NAP NAP 
NAP NAP ! 

I 
I .  l E+00 I. l E+00, 

niglL 
N A 
NAP 
NC 
pCilL 
v o c s  

Milligram per liter. 
Not available; insufficient toxicity data. 
Not applicable pathway; not a VOC. 
Not a suspected carcinogen. 
Picocuries per liter. 
Volatile organic compounds. 



I 
Table 5.1 1 Current Background Residual Groundwater Risk for the Site Employee Scenario 

Constituent 

I 
(CANCER EFFECTS I I NON-CANCER EFFECTS I I 
Route-Specific Risk Route-Specific HQ Non-Cancer 

Oral Risk Oral HI : 
Total Total ~o ta l l  - -  ~~ ~ - 

EPC I 

Metals 
Antimony 
Cadmium 
Copper 

Radionuclides 
Actinium-227 
Plutonium-2391240 
Thorium-228 
Uranium-234 

TOTAL 

NAP 
NAP 
NAP 
NAP 

NAP 1 
NAP 

mglL 
N A 
NAP 
NC 
pCilL 
v o c s  

Milligram per liter. 
Not available. 
Not applicable pathway; not a VOC. 
Not a suspected carcinogen. 
Picocuries per liter. 
Volatile organic compounds. 
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Future Total Groulldwalcr Risk for lljc Cottslruclior~ Workcr Sccrlario 

I CAN(:KIt Kl;~:la;C:l~s I I NON-(:AN(:I.:I~(EI'I~KC:I-S I 
Routc-Spccilic Risk Catlccr Route-Spccific l l Q  I Noll-Cal~ccr 

Colistitucn~ Oral Dcrri~al l~lllalalion Risk Oral Dcrt~tal lttliala~ion 
I 

111 

Total V()Ctshuarr) 'l'otal VOCs 'l‘olal 
K I V '  I I 

Inoreanirs 

~lurll it l;ull  
A I I~~ I I~OI I~  
Berylliu~rl 
B i s n l u ~ l ~  
Cadt i l iu~~ l  
Chro~liium V I  
C0l~i l l l  
Copper 
I~i l l1 i l111~ 

Maligalicsc 
Molyhdcllum 
Nickcl 
SC~CII~UIII 
~l'll3llilllll 
'Ti11 
Valiadiunt 
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dVN 
dVN' 
cJVN 
clVN 
<lVN 
cl VN 
dVNI 

d VN 
d VN 
dVN 
dVN 
d VN 
clVN 
d VN 
clVN 

dVN 
dVN 
dVN 
J VN 
dVN 
V N 

clVN 
clVN 

d VN 
dVN 

80-32'8 
d VN 
clVN 
d VN 
clVN 
clVN 



Future Ilackgrolrnd Goundwater Risk for tlle Collstructioll Worker Scellario 

I CAN(:Elt I.:l;liI.:<"I'S I 1 NON-CANC:Elt II;I;I:I:(:'I'S I 
Routc-Specific Risk Ca~lcer Route-Specific I IQ 1 NOII-Ca~icer 

Oral Dermal l~ l l la ln t io~~ Risk Oral L)crn~al l~~llalalion Ill 

Tot;11 VOC,sh,,wcr~ Total VOCs 'Total 
I 

I.: IB(. I 

lnnreanirs 
A l t ~ ~ l l i ~ i i ~ ~ ~ l  
Alltililolly 
i3crylliu111 
Bis~i~uth 
Cad~ l i i l~~ i i  
Chro~niu~ll VI 
Cohalt 
Copper 

N A N A N A N A 0 . 0  0 0.013 100 I NA 0.OE.t 00 0.Oli 100 0.0F.tOO 0.01: 100 N A N A 0.01i 100 0.015~00 N A 

N A N A N A N A O.oE+OO O.oE-1 00 0 0 1  I O.OEi.00 
N A N A N A N A O.OE-1-00 O.OE-1-00 O!OE.I 00 O.OE.t.00 

I 



'I'ahle 5.14 Futurc 13ackgro111id Goundwatcr Risk for (Ire Co l~s~ r i~c t i on  Worker Sceriario 

Routc-Spccific Risk Cancer Roulc-Specilic I IQ 
Oral Dcrrtlal l ~ ~ l ~ a l a t i o r ~  Risk Oral Ucrnral I 

V°Cl~<,srr) 

NA I) 
N AI' 
NAI' 
NAIJ  
N AI' 

I .7E-09 

NAP 
NAP 

8.6E-05 

N A P  N A P  
NAI '  N A P  
NAP NAP 
NAP NAP 
N A P  Nh l '  
N A P  NAP 
N A P  NAP 
NAP N A P  

mglL 
N A  
NAP 
N C  
pCill. 
v o c s  

- - - - - - - 

Mill igranl pcr liter. 
Not available; insumcicnt toxicity data. 
No1 applicahlc paltiway; not a VOC. 
Not a s~~spected carcinogen. 
Picoc~lrics per liter. 
Volatile organic con~pounds. 

NAP NAP 
NAP NAP 
NAP NAP 
N AI' N A P  
NAP NAP 
NA I' NAI' 
N Al' NAP  
NAP N A P  



Tahlc 5.15 ' Future Incre~~lental Groundwater Risk for tllc Construction Worker Sccnario 

Route-Spccific Risk Cancer Route-Specific I I Q  I Non-Cancer 
Oral Dcrtiial lnlialation Risk Oral Dcrn~al  l~illalation 111 

Total vo~(Sh,,w,) Totat IVOC'S 'I'otal 
k:Ib(. 1 

lnoreanics . 
~ l u ~ l l i n ; ~ n l  
Antinlony 
Dcrylliunl I 
Dis l i~ut l~  
Cadniiu~il 
Clironiiun~ V I  
Cohall 
Copper 
Iaitliiuni 
Manganese , 

Molyhdcnuni , 
Nickel 
Sc lcn i~~nl  
Tl~alliuni 
Vanadiuni 







'I'ahlc 5.10 Futurc 'l'otal Rcsitlual C;roundwatcr Risk for Silc Employcc Scenario 

[<:AN<:EI~ KI;I;E(:.I.S I ( N~N-CAN<:EI~ EI;I;EC:.I.!! 
Koutc-Specific Risk Routc-Specific I i Q  NOII-Canc 

Oral Risk Oral Ill 
l'ntal TOI:I~ Tcltnl 

Itadionuclidcs 
AC~~II~IIIII-227 

n ~ g / L  
N A 
NAP 
NC 
pCilL 
v o c s  

Milligram per liter. 
Not available; insurficiel~t toxicity data. 
Not applicahlc pathway; not a VOC. 
Not a suspected carcinogen. 
Picocuries per lilcr. 
Volatilc organic compounds. 



Table 5.17 
I 

Futurc Uackgroulld Kcsiil~~al Groundwater Risk for Site Eri~ployee Scc~rario 1 
I 

[<:ANC.E:I< EI~I~~:C.IS 1 ( NON-(:AN<:EI~ EI+-I.:(:.I.sJI 
Routc-Specific Risk Route-Specific tl( Non-Ca~~cei 

Oral Risk Oral I l l  1 

hletals 
Aluni in~~r l~  
A ~ i l i ~ ~ ~ o ~ r y  
Deryl l iu~i~ 
Bisniutli 
Cadniiuni 
Clironriu~l~ V I  
Cobalt 
Copper 
1.i~hiunr 
Marrganesc 
Moly hdcnunr 
Nickel 



Tahle 5.17 Future Uackg ro~~~ id  Rcsidual Gro~~~i t lwater  Risk for Site E~riployee Scenario 

Constituent 

A N  I S  I I NON-CANCER EI'I'ECI.! 
Roulc-Spccific Risk Roule-Specific }-I( No~i-Cancc 

Oral Risk Oral Ill 
l'otal 'l'otal . l'otal 

Itadionc~rl ides II( :ill, 
Act in iu~i~-227 0.013.1 00 0,01;~1 00 N A N A 
A ~ i ~ e r i c i ~ ~ t ~ i - 2 4  I 0 I 2.8E-07 2.RI:-07 N A N A 

Plut01ii111ii-23OI240 0 . 1  25 2.51;-07 2.51;-07 N A N A 
Radiuril-220 0,000 I .8l3-0(1 I .Ul~:-0f1 N A N A 
Strontitt~ii-00 0.975 2.51:-07 2.513-07 N A N A 
Thor iu~~l-228 0.770 3.1 1;-07 3. 1 E-07 N A N A 
l'riliuni 1485.473 6.OE-07 6.06-07 N A N A 
Ura~iiunl-234 0.792 2.21-07 2.28-07 N A N A  
1lraniu111-235 0.8 14 2.3E-07 2.36-07 N A N A  

111glL 
N A 
NAP 
N C  
pCi lL 
v o c s  

M i l l i g ra~ r~  per liter. 
Not available; insufficient toxicity data. 
No l  applicable pathway; not a VOC. 
Not a suspected carcinogen. 
Picocuries per liter. 
Volatile organic compounds. 
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Tahle 5.18 F u l ~ ~ r e  I ~ ~ c r e t ~ ~ c t ~ l : ~ l  Resid~~al  Ciro~n~dwatcr Risk for Site Etnploycc Scenario 

IC:AN(:C:R EI~I;~:C.I.S I 1 NON-CANCKI~ EI:I:I 
Roc~tc-Specific Risk Roulc-Specific IlQ No11 

Oral Risk Oral 

NAl '  
NAP 
NAI '  
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

111gIL 
N A 
NAP 
NC 
pCi/L 
v o c s  

Mi l l ig ra~n per liter. 
Not availahle: insufficien~ toxicity data. 
Not applicable pall~way; no1 a VOC. 
No1 a suspec~cd carcinogetl. 
Picocurics per liter. 
Volalile organic conipounds. 



Table 5.19 Total Residual Risk for Parcel 4 Summary Table 

Worker Scenario 

NA - Not applicable 
*RRE values for air were brought forward from the Technical Position Report for Release Blocks D and H. (DOE 1999). 

Numbers written as 1 .OE-03 equal 1 x 10.' 



Table 5.20 Background Residual Risk for Parcel 4 Summary Table 

Worker Scenario 

- 

NA - Not applicable 
*RRE values for air were brought forward from the Technical Position Report for Release Blocks D and H. (DOE 1999). 

Numbers written as 1 .OE-03 equal 1 x 10.' 



Table 5.21 Incremental Residual Risk for Parcel 4 Summary Table 

W o r k ~  Scenario 

NA - Not applicable 
*RRE values for air were brought forward from the Technical Position Report for Release Blocks D and H. (DOE 1999). 

Numbers written as 1 .OE-03 equal I'xl O" 
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SOURCE 
MEDIA 

RELEASE 
MECHANISM 

EXPOSURE 
MEDIA 

EXPOSURE 
ROUTES 

I HUMAN rECEPToRS 
CURRENT I FU$URE CURRENT I FUTURE 

CONSTRUCTION WORKER 
I 

ADULT 1 

I 

I 
INGESTION 

DERMAL CONTACT 
i 

I a I - 

SITE EMPLOYEE 

ADULT 

b 

I 

~ - 
I v 1 I 

INHALATION (FUGITIVE DUST) I 
EXTERNAL RADIATION 

.I 
a I 0 

SOIL 

I 
VOLATILIZATION 

I GROUNDWATER 1 

b 

b 

b 

COMPLETE PATHWAY EVALUATED QUANTITATIVELY 
COMPLETE PATHWAY EVALUATED QUALITATIVELY 
INCOMPLETE PATHWAY, NOT EVALUATED 
NO VOLATILE COPCs IN AREA 

SURFACE SOIL 

EXTERNAL RADIATION • j - 

INGESTION 
DERMAL CONTACT 

INHALATION (FUGITIVE DUST) 

I 

Figure 3.1 
Conceptual Site Model for the Parcel 4 RRE 
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INHALATION (VAPORS) 

- 
- 
- 

ttci 

I - 
INGESTION 

DERMAL CONTACT 
INHALATION (VAPORS) 

INHALATION (RADON) 

GROUNDWATER 

- 1  

.I 

.I 
@ I  

+ - 
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Al. l  EVALUATION OF POTENTIAL CUMULATIVE EXPOSURE - AIR 

Potential exposure to contaminants originating from outside Release Block 3 that may reach a 
receptor in the release block are termed potential cumulative exposures. T h ~ s  appendix presents 
potential cumulative exposures that may come from air. 

Airborne contaminant concentrations were measured at the Mound Facility in 1994 during 
various site restoration activities (DOE, 1994). Both radiological and non-radiological data were 
collected. It is assumed that the measured concentrations would represent an upper-bound air 
concentration. These data are shown in Table A1 - 1. Risks due to inhalation of the radionuclides 
by-construction-workers-anddsite-employeeswere.calculated.d.are.alsopresented.inTableAll . 

The calculated risks attributable to the potential upper-bound exposure of airborne contaminants 
would total 2.OE-07 for the construction worker and 9.8E-07 for the site employee. Note that the 
potential exposures and associated risks are based on the assumption of long-term consumption of 
this upper-bound concentration that was measured during site restoration activities. 

Table Al-1 Concentration of Radionuclides in Air in 1994 (EG&G Mound 
Applied Technologies- Mound Site Environmental Report 

for Calendar Year 1994, pg. 4-15 to 4-17) MLM-3814 

* Error limits are estimates of the standard error of the estimated means at the 95% 
confidence level. Values given are from the location on the site with the highest 
concentration (based on the average of two or more samples). 

** Calculated risks assumed that the maximum concentration shown here was the C,i, value 
needed for the calculation of risk by inhalation for construction workers and site 
employees. 

Radionuclide 

Tritium oxide (H-3) 
Plutonium-23 8 
Plutonium-2391240 
Total 

Risks to Construction 
Worker* 

1.8E-08 
1.75E-07 
2.5E-09 
2.OE-07 

Maximum 
Concentration* 

(pCiJmL) 
7.54 4.61E-12 
259.65 * 289.58E-18 
3.50 *2.75E-18 

Risks to Site 
Employees* * 

9.OE-08 
8.8E-07 
1.2E-08 
9.8E-07 



Potential Future Maximum Concentrations of COPCs in Groundwater 

This Appendix describes the steps completed to estimate the potential future concentration of 

contaminants in the Mound Plant Production Wells. In summary, very conservative estimates of future 

contaminant concentrations were developed by assuming all contaminants currently detected in the 

Bedrock Aqtiifei of the Motifid Property would migrate to the Buried Valley Aquifer (BVA), from which the 

Mound Plant Production Wells withdraw potable water for Mound facility use. The calculated potential 

bedrock contaminant concentrations were then added to the current contaminant concentrations in the 

Mound Plant Production Wells to obtain the estimated future contaminant concentrations. 

The techniques used to forecast future contaminant concentrations were purposely designed to 

represent the most conservative (worst-case) future scenario possible. This overly conservative approach 

assures no significant chemical of concern would be prematurely removed from the risk evaluation 

process. If particular constituent concentrations were initially found to be unacceptable in the overall risk 

evaluations, efforts would then be focused on calculating a more realistic value at the production wells to 

@ assess their true potential impact. The steps completed to develop this initial "model" of the future 

contaminant concentrations in the Mound Plant Production Wells are summarized as follows. 

1. Using established groundwater flow net analysis techniques, a topographic map of the 

bedrock surface underlying the Mound facility was used to create 20 evaluation areas of similar 

size termed "flow tubes." Ground water flow within the Bedrock Aquifer was assumed to 

generally follow the topography of the bedrock surface. The flow tubes were delineated based on 

drainage patterns suggested by the bedrock topographic map (see Figure B-1). Within each flow 

tube it is assumed ground water flows in the same general direction, on a slope of the same 

general gradient. Based on topography and gradient, ground water from the majority of these 

flow tubes will eventually flow into the BVA. Although several of the flow tubes do not appear to 

contribute to the BVA directly, they were considered to contribute to the BVA to make the future 

scenario as conservative as possible. . .  . .  
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2. All contaminant concentration data from bedrock wells currently maintained or archived in the 

MEIMS database were examined for each flow tube. The maximum concentration of each 

analyte for any of the bedrock wells or selected bedrock seeps was assumed to be representative 

of the contamination within the flow tube. This maximum concentration was multiplied by the 

volume of water per unit time that flows within each flow tube in order to determine the mass of 

each contaminant that could be contributed to the BVA production wells. 
~ 

_ ____~___ 

3. The total flow of each tube was determined by measuring the width and the gradient of the 

flow tube from the bedrock topographic map. These were multiplied by the assumed thickness of 

the bedrock aquifer (40 feet), and by the assumed hydraulic conductivity (0.1 feetlday). The 

product of these values is the volume of ground water flow per flow tube per unit time. 

4. The maximum concentration of each analyte from each flow tube was applied to the total flow 

of each tube to determine a potential mass of contaminant entering the BVA per year per flow 

tube. 

5. The contaminant mass from each flow tube was summed to provide the total potential mass 

of each contaminant contributed by the bedrock aquifer to the BVA per year. 

6. The total mass of each contaminant was divided by an assumed Mound Plant water use of 

260,000 gallons per day (94,900,000 gallons per year) to obtain the theoretical concentration of 

the bedrock contribution for all bedrock contaminants. Therefore, the very conservative 

assumption is made that the masses of contaminants that enter the BVA from the bedrock 

contribute to the production wells without any dilution or degradation. 

7. This theoretical concentration was added to the current concentration of contaminants 

observed in the Mound Plant Production wells to obtain the theoretical worst-case future ground 

water concentration. 
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This approach represents the most conservative scenario possible using currently available 

ground water data. A more realistic estimate of the future ground water concentrations would require 

consideration of dilution and degradation of contaminants within the bedrock and the BVA aquifers, 

quantification of the actual amounts of bedrock water intercepted by the Mound production wells and 

replacement o i  tine maximum contaminant concentrations with more representative values. 

_ - ____-___- . - . -- - 

Table B-1 lists all contaminants of potential concern detected in either a bedrock well, seep or a 

Mound Plant Production well, their respective concentrations, and the calculated combined estimated 

future maximum concentration. 

Antimony - An Example 

The wells and seeps selected to best represent the water quality of the consolidated lithologic 

units beneath the Mound are summarized in Table B-2. Upon review of the data in the MElMS database 

for these monitoring locations, antimony was detected in the bedrock monitoring wells and seeps in 21 

@ out of 122 analyses for this parameter. All designated wells and seeps were assigned to specific flow 

tubes. The highest concentration measured in each monitoring well or seep within a flow tube was used 

to calculate a potential annual contribution of antimony to the groundwater. Table B-3 summarizes the 

water volume and concentrations used to project antimony loading to the Mound production wells. 

As shown in Table B-1, the calculated COPC concentration obtained from the flow tube model is 

added to the existing concentration measured in the production wells. It is this potential future maximum 

constituent concentration which is the RRE modeling process. 
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Tetrachloroethene 
Thallium 

Thorium-228 
Tin 

Trichloroethene 
Tritium 

Uranium-234 
Uranium-235 

Vanadium 

0.0006 
0.0021 
0.3651 
0.0051 
0.0016 

65945.3956 
0.5903 
2.7326 
0.01 06 

0.0022 
0.0024 
2.1 700 
0.0087 
0.0059 

7200.0000 
8.1400 
2.3000 
0.0146 

0.0028 
0.0045 
2.5351 
0.01 38 
0.0075 

731 45.3956 
8.7303 
5.0326 
0.0252 
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I 

- -- 

Table B-2 
Locations and Details of Water Quality Monitoring Sites 

Used in Bedrock Flow Tube Calculations 
Well I 

Seep I.D. 
Parcel Well 

Depth 
(feet) 

Flow Tube Depth into 
Bedrock 

(feet) 

Screen 
Length 
(feet) 

Bedrock Monitoring Wells 

Comments 

7.5 

6.0 

1 310-- 
56.5 

39.5 

27.5 

69.5 

Abandoned - Historical Data Only. Use 
in Flow Tube I I 

Abandoned - Historical Data Only. Use 
in Flow Tube 12 

- - -Use-in Flow-Tube-1 
Use in Flow Tube 15. At top of recharge 

area. 

Use in Flow Tube 15. At top of recharge 
area. 

Use in Flow Tube 15. At top of recharge 
area. 

Use in Flow Tube 15. At top of recharge 

0034 (a) 

0035 (a) 

--01.1-2 - 

01 13 

01 14 

0115 

01 16 

11 

12 

-1 1-- 
Recharge 

Area 

Recharge 
Area 

15 

Recharge 

8 

8 

-- 7 - - 
6 

8 

8 

8 

20.61 

20+ 

-36~70- 
55.72 

51.31 

40.25 

81.95 

3 

2 

-1 0- 
3 

(upper) 
3 

(lower) 
3 

(upper) 
3 

(lower) 
10 

10 
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Well I 
Seep I.D. 

Parcel Flow Tube 

a - abandoned 

6.5 

-- - 
270- 

NA 
NA 

10 

-- -- 
5 

NA 
NA 

Interface Monitoring Wells - Partially 
Screened into Bedrock 

Well 
Depth 
(feet) 

Use in Flow Tube 6. At base of Flow 
Tube in discharge area - 

Use in Flow Tube 5, although very 
shallow 

Use in Flow Tube 14 
Use in Flow Tube 18 

0314 

- 0353 

Screen 
Length 
(feet) 

8 

. - -  

6 

- - 5  

45.47 

-22-, 2- 

Bedrock Seeps with 
Annual Flow 

Depth into 
Bedrock 

(feet) 

60 1 
607 

Comments 

8 
3 

14 
18 

NA 
NA 



Mound Water Use: 
260000 gallonslday 

94900000 gallonslyear 
359224970 literslyear 

. 

Projected Antimony contribution from bedrock 
to the BVA: 0.003387 mg1L 
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Flow Tube 
(#) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Averages 
Totals 

Flow Tube 
Discharge 
(literslyr) 

3158986 
2622525 

-2986588- - -  
349791 3 
592654 1 
51 79894 
4577574 
531 1033 
3438297 
42861 51 
3020572 
4278420 
3684327 
1624763 
31 36537 
3742041 
8624724 
503 1433 
4424896 
19251 59 

4098873 
81 977457 

Evaluation 
Parameter 
Max. Conc. 

(mglL) 

0.0067 
0.0067 

- -0:0067--- 
0.0018 
0.0076 
0.0076 
0.00075 
0.002 
0.01 6 
0.016 
0.0023 
0.00062 
0.01 76 
0.0302 
0.0062 
0.0062 
0.0416 
0.0416 
0.041 6 
0.0058 

0.01 32785 

Annual Bdrk 
Contribution 

(mg) 

21165 
17571 
200-1 0--- 
6296 
45042 
39367 
3433 
10622 
5501 3 
68578 
6947 
2653 
64844 
49068 
1 9447 
23201 
358788 
209308 
184076 
11166 

60830 
121 6595 





The following equations were used to calculate new groundwater guideline values in accordance with the methodology presented in Risk Based 
Guideline Values, Mound Plant, March 1997a. 

The equations are generally the same for construction worker and site employee scenarios. Lnput parameters differ. The construction worker includes 
ingestion and shower exposure while the site employee only includes groundwater ingestion. 

Water Cancer Risk Based Guideline Values (RBGV) are  calculated by the followine, equation for 
Chemicals- Nonradiologieal 

GVingestion (mg/L)= TCRWAT*BW 
IRw*EF*ED*CSFo 

- -- -__-A- 

Where: 



Water NonCancer  Risk Bared Guideline Values (RBGV) are  calculated by the following equation 
for Nonradiologieal Chemicals. 

RBGVTotal ( m a ) ?  I 
IREiGVingestion + 1RBGVinhalation + VRBGVdermal 

RBGVingestion ( m a ) ?  THIgAT*BW 
IRw*EF*EDg(I/RfDo) 

Where: 

-- 

RBGVinhalation (mglL)= THI*BW0AT 
K'IRair*EF*ET8ED*(1/24)*(InuDi) 

RBGVdennal (mglL) THI*BW0AT 
Organics= 2*Kp*EF*EV*0.001*(1/RfDa).~~~a.~~.(6*~*tevent)/3.1412)'~ 

RBGVdemal (m&) THI*BW0AT 
Inorganics= Kp'EF'EV'O.OOl*t event*(I/RfDa)*SSAa*ED 



W a t e r  Cancer  Risk Based Guideline Values (RBGV) a r e  calculated by tbe  following equation for  
Radiolnuclides 

TP" 

RBGVingestion @ C a p  
rLn 

IRw*EF*ED*CSFo 

Whm : 

For tritium dermal and inhalation pathways are also evaluated for water and total tritium k calculated as follows 
____-____-_ .- - 

TCR= 
EF= 
ED= 
CSFo= 
IRw= 

RBGVingestion same as above for all radionuclides 

RBGV mtium inhalation TCR 
@ C a p  lRa'EF*ED*ETs*CFlgCFr*M*CSFi 

Target Cancer Risk 
Exposure Frequency 
Exposure Duration 
Oral Cancer Slope Factor 
Ingestion Rate Water 

RBGVdermal @CimglL) TCR 
tritium= Kp*EF*O.OOI*ETs*(CSFa)*SSA*ED 

NA 1 5 y  
chemical specific I chemical specific 

l Uday I l Uday 

Site Employee 
l.OOE46 
250 daysly 

Construction Worker 
I .OOE-06 

250 daydyr 



Groundwater Guidance Values for Site Employee at DOE Mound 
1 .  
I 
I 

Constituent 

I 
I 

CANCER EFFECTS NON-CANCER EFFECTS I 
RRE GV Route-Specific RRSs (mg/L) Cancer Route-Specilic RRSs (mg/L) I Non-Cancer 1/10 
Screen Oral Dermal inhalation Weight Of GW GV Oral Dermal Inhalation CW RRE (i\ tll 



Groundwater Guidance Values for Site Employee at DOE Mound 

Constituent 

I CANCER EFFECTS NON-CANCE 
RRE GV Route-Specilic RRSs (mglL) Cancer Route-Specific RRSs I 

Screen Oral Dermal Inhalation Weight Of  GW GV Oral Dermal 

'ngncg 
N A 
NAP 
NC 
RRS 
v o c s  
*** 

EFFECTS 1 
g/L) Non-Cancer 1/10 
thalation (3W RRE GV HI 

mg1L mglL 
1 



I 

I 
i 

Groundwater Guidance Values for Construction Worker at DOE Mound I ! 
I 

1 
CANCER EFFECTS 1 I NON-CANCER EFFECTS] I 

RRE GW- Route-Specilic RRSs (nig/L) 
I 

Cancer Route-Specific RRSs (mglL) Non-Cancer Non-Cancer 
Constituent G V  Oral Dermal Inhalation Weight Of  GW GV Oral Dern~al Inhalation 'GW GVs 1/10 GW GVs 

I 



Groundwater Guidance Values for Construction Worker at DOE Mound 

I 

mgkl: 
N A 
NAP 
NC 
RRS 
V o c s  
*.I 



The following equations were used to calculate new soil guideline values in accordance with the methodology presented in Risk Based Guideline 
Values. Mound Plant March 1997a. 

The equations are the same for consauction worker and site employee scenarios, only the input parameten to the equations are different 

Soil Cancer Risk Based Guideline Values (RBGV) arc calculated by tbe following equation for 
Chemicals- Nonradiological 

RBGV (mgkg)= 
TCRxBWxATx365  

EF x ED [CSFo x CFI x IRsoil) + (CSFi x l b i r  x (I/PEF+ W F ) l  
Where: 

Soil Cancer Risk Based Guideline Values (RBGV) are calculated by the following equation for 
Radiological Constituents 

RBGV (pCilg)= TCR 
{EF x EDIx [(CSFo x CFI x IRsoil) + (CSFi x CF2 x lRair x (l/PEF+ INF))]) + (ED2 x CSFex x (l-Se) x Te) 

F2= Iconversion Factor 1000 g k g  I 1000 g k g  

Where: 

IR air= Ilnhalation Rate Air I 20 m31day I 20 m3lday 
PEF= I Particulate Emissions Factor I 4.28E449 m31kg 1 4.28E449 m3kg 

TCR= 
BW= 

ITe= IGamma Exposure Time Factor I 2/24 unitless 1 8124 unitless I 

Target Cancer Risk 
Body Weight 

VF= 
ED2= 
CSFex= 
Se= 

Soil Non-cancer Risk Based Guideline Values (RBGV) are calculated by the following equation for 
Nonradiological Chemicals 

RBGV (mgRg)= THIxBWxATx365  
EF x ED I(I/RfDo) x CFI x IRsoil) + ((IIIUDi) x lRair x (I/PEF+ INF)] 

Where. 

Site Employee 
I .OOE-06 

70 kg 

Volatilization Factor 
External Duration Factor 
External Cancer Slope Factor 
Gamma Shielding Factor 

Construction Worker 
I .OOE-06 

70 kg 

chemical specific 
25 x 2501365 yr 
chemical specific 

0.2 unitless 

THI= 
BW= 
ED= 

RID+ llnhalation Reference Dose Factor 1 chemical specific 1 chemical specific 
CF2= Iconversion Factor 1 I000 g/kg I I000 g/kg 1 

chemical specific 
5 x 2501365 yr 

chemical specific 
0.1 unitless 

EF= 
RfDo= 
CFI= 
IR soil= 

Target Hazard Index 
Body Weight 
Exposure Duration 
Exposure Frequency 
Oral Reference Dose Factor 
Conversion Factor 
Ingestion Rate Soil 

IR a i r  
PEF= 
VF= 
AT= 

Site Employee 
l unitless 

70 kg 
25 yr 

Construction Worker 
I unitless 

70 kg 

5 yr 
250 dayslyr 

chemical specific 
0.000001 g/mg 

50 mglday 

Inhalation Rate Air 
Particulate Emissions Factor 
Volatilization Factor 
Averaging time 

250 dayslyr 
chemical specific 
0.OOOOOl g/mg 

480 mglday 

20 m3Iday 
4.28E449 m3Rg 
chemical specific 

25 yr 

20 m3lday 
4.288449 m3Rg 
chemical specific 

5 yr 



Soil Guidance Values for Construction Worker at  DOE Mound 
I 
I 

CANCER EFFECTS I I NON-CANCER EFFECTS I I Minimum 

Conslituent 
VF Route-Specific RRSs (mglkg) Cancer Route-Specific RRSs ( m a g )  ~ o n k a n c e r  1/10 HI RRS 

(mJlkg) Oral Inhalation Effects PRG Oral Inhalation ~ffe{ts PRG (mglkg) 

m .  
Benzene 
Ethylbenzene 
Styrene 
Toluene 
Xylenes 

PAHs - .  
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranlhene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene 
Carbazole 
4-Chloro-3-methylphenol 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
2-methylnaphthalene 
4-Methylphenol 
Naphthalene 
Phenanthrene 

Pesticides 
Delta-BHC 
Endosulfan Sulfate 
Endrin Aldehyde 
Endrin Ketone 

RRSc 

6.6E+00 
NC 
N A 
NC 
NC 

NC 
NC 
NC 

4.OE+00 
4.1 E+00 
4.IE+01 

NC 
4.1 E-01 
1.5E+02 

N A 
4.1 E+02 
4.1 E-0 1 

NC 
NC 

4. I E+00 
N A 
N A 
NC 
NC 

N A 
N A 
N A 
N A 

I 
RRSnc 

I 
2 . 5 p 0 1  
6.7E+03 
1.6E+04 
2.5E+03 
4.2E+03 

I 



Constituent 
VF Route-Specific RRSs ( m g k g )  Cancer Route-Specific RRSs ( m g k g )  Non-Cancer 1 111 0 HI RRS 

(m3/kg) Oral Inhalation Effects PRG Oral Inhalation ~ffe!ts PRG 
I 

( m g k g )  

Metals 

Antimony 
Arsenic 
Barium 
Beryllium 
Bismuth 
Cadmium 
Chromium* 
Cobalt 
Copper 
Cyanide (total) 
Lead 
Lithium 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Vanadium 
Zinc 

N A 
NC 

2.OE+00 
NC 
NC 
N A 

NAP 
NC 
NC 
NC 
NC 

NAP 
N A 
NC 

NAP 
NC 
NC 
NC 
N A 
NC 
NC 

N A 
NC 

2.OE+04 
NC 

3.6E+04 
N A 

4.9E+04 
NC 
NC 
NC 
NC 

NAP 
N A 
NC 

NAP 
NC 
NC 
NC 
N A 
NC 
NC 

N A 
NC 

2.OE+00 
NC 

3.6E+04 
N A 

4.9E+04 
NC 
NC 
NC 
NC 

NAP 
N A 
NC 

NAP 
NC 
NC 
NC 
N A 
NC 
NC 

m g k g  
N A 
NAP 
NC 
RRS 
v o c s  

All detected chromium is conservatively assumed to be chromium VI. 
Milligram per kilogram. 
Not available; insufficient toxicity data. 
Not applicable; carcinogenic only via the inhalation route. 
Not a suspected carcinogen. 
Risk Reduction Standard for soil (mgkg).  
Volatile organic compounds. 



Soil Guidance Values for Site Emplpyee a t  DOE Mound 

Constituent 

I 
I CANCER EFFECTS I I NON-CANCER EFFECTS I 1 Minimum 

VF Route-Specific RRSs (rnglkg) Cancer Route-Specific RRSs ( m g k g l   on-cancer1 Ill 0 HI RRS 
( m 3 k )  Oral Inhalation Effects PRG Oral Inhalation Effects PRG ( m f l g )  

v o c s  - 
Benzene 
Ethylbenzene 
Styrene 
Toluene 
Xylenes - 

PAHs - 
Acenaphthene 
Acenaphlhylene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoran~hene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene 
Carbazole 
4-Chloro-3-methylphenol 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
2-nlethylnaphthalene 
4-Methylphenol , 

Naphthalene 
Phenanthrene 

Pesticides 
Delta-BHC 
Endosulfan Sulfate 
Endrin Aldehyde 
Endrin Ketone , 

RRSc RRSnc 1 

2.5E+01 
9.3E+03 

2.5E+00 
9.3E+02 

2.3E+04 / 2.3E+O3 
2.6Ec03 2.6E+02 
4.2EM3 ( 4.2E+02 

I 
1.2EM5 1 I,2E+04 

N A 
6.1EMS 

N A 
N A 

N A 
6.IE+04 

N A 
N A 
N A 

N A " N A : Ei 
NA 1 NA 

6. IE* 1 6.1E+03 
N A N A 

8.2E+04 1 8.2E+03 
8.2E+04 1 8.2E+03 

N A 

3.9E+03 " 1 3.;+02 
3.2E+02 3.2E+01 

NA i NA 

N A 
N A 
N A 

N A 
N A 
N A 

NA 1 NA 



1 
Soil Guidance Values for Site Emplpyee at DOE Mound I 

I 
1 

I CANCER EFFECTS 1 1  NON-CANCER EFFECTS I 1 Minimum 

Constituent 
VF Route-Specific RRSs (mglkg) Cancer Route-Specific RRSs (m   on-cancer I 11 10 HI RRS 

(m3/kg) Oral Inhalation Effects PRC Oral Inhalag' Effects PRGI (mdkg) 

Aluminium 
Antimony 
Arsenic , 
Barium 
Beryllium 
Bismuth 
Cadmium 
Chrorniurn* 
Cobalt 
Copper , 

Cyanide (total) 
Lead 
Lithium 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Vanadium 
Zinc 

N A 
NC 

3.8E+00 
NC 
NC 
N A 

NAP 
NC 
NC 
NC 
NC 

NAP 
N A 
NC 

NAP 
NC 
NC 
NC 
N A 
NC 
NC 

N A 
NC 

4. I E+03 
NC 

7.3E+03 
N A 

9.7E+03 
NC 
NC 
NC 
NC 

NAP 
N A 
NC 

NAP 
NC 
NC 
NC 
NA 
NC 
NC 

N A 
NC 

3.8E+00 
NC 

7.3EM3 
N A 

9.7Et03 
NC 
NC 
NC 
NC 

NAP 
N A 
NC 

NAP 
NC 
NC 
NC 
N A 
NC 
NC 

1.9E+06 
8.2E+02 
6. I E+02 
1.4E+05 
4.OE+O3 

N A 
I .OE+03 
2.OE+06 
6.2E+04 
7.6E+04 
4. I E m  

N A 
N A 

6.1 EM2 
4.1 E+04 
I .OE+04 
I .OE+04 
1.6E+02 
I .2EM6 
1.4E+04 
6.1 EMS 

I 
I All detected chromium is conservatively assumed to be chromium VI. 

Milligram per kilogram. 
I 

mg 'b  
N A Not available; insumcient toxicity data. I 
NAP Not applicable; carcinogenic only via the inhalation route. 
NC Not a suspected carcinogen. 
RRS Risk Reduction Standard for soil (mglkg). 
VOCs Volatile organic con~pounds. 


