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In general, cancer risk levels that do not exceed 1E-04 with HIs that do not exceed 

pub ic health. 
not be 

vy . .  . .  . 
1 7 W - A  

b. 
surface and subsurface soil in OU-2 

2 6 

Concentrations of chlorinated solvents in UHSU groundwater in AOC No. 1 would pose an 
unacceptable risk if directly ingested. However, direct ingestion of groundwater is an 
incomplete exposure route for all current and possible future receptors in OU-2. ksgely 

Therefore, chemicals in groundwater do not pose a 
risk to human health under current and possible future land use scenarios. 

ES7.0 CONCLUSIONS AND RECOMMENDATIONS 

Section 7 presents a summary of the previous six sections and presents recommendations for 
limited additional work in OU-2. Because Sections 1 through 6 have been summarized in 
the previous portions of this Executive Summary, only the recommendations portion of 
Section 7 is summarized here. 

- 

The results of the HHRA support the conclusions that environmental contamination within 
OU-2 does not pose a threat to public health under the evaluated exposure scenario 

However, evaluation of the nature and extent of contamination in OU-2 indicates that certain 
IHSSs contain materials that are likely to act as continuing sources of contamination to soil 
and groundwater for the foreseeable future. For example, NAPL was observed and sampled 
during the SVE Pilot Test project conducted in Trench T-3 in the Northeast Trenches Source 
Area. Analysis of the NAPL samples indicated the presence of VOCs and SVOCs at very 
high concentrations (up to several million ppb for VOCs and several hundred thousand ppb 
for SVOCs), petroleum compounds (several hundred thousand ppm for gasoline and diesel), 

4 

radionuclides at high activities (up to 3,240 pCi/g for U-238). 

-be - 
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Area, Analysis of the NAPL samples indicated the presence of VOCs and SVOCs at very 
high concentrations (up to several million ppb for VOCs and several hundred thousand ppb 
for SVOCs), petroleum compounds (several hundred thousand ppm for gasoline and diesel), 
and radionuclides at high activities (up to 3,240 pCi/g for U-238). 



With respect to surface soil contamination, the results of the HHRA indicate that RME 
cancer risks (2E-04) to a future onsite industrial/office worker in OU-2 (the maximum 
exposed individual under current and possible future land use scenarios at WETS) are near 
but slightly exceed EPA’s target cancer risk range (1E-04 to 1E-06). Although the RME 
provides a conservative overestimation of the actual risk to a future onsite industrial/office 
worker in the 30-acre maximum exposure site, it may be appropriate to consider a further 
reduction in the RME cancer risk so that it is within EPA’s target cancer risk range. 4% 
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0 Schedule 40 PVC was installed for the isolation casings in all pilot boreholes 
and source boreholes, rather than Schedule 80 PVC, as specified in TM8. 
These boreholes and isolation casings were grouted and abandoned following 
drilling, as specified in TM8. 

2.3 AIR QUALITY AND METEOROLOGICAL INVESTIGATION 

This section provides a general discussion of the air quality programs and meteorological data 
collected at WETS. Air quality and meteorological data pertinent to the description of site 
conditions at OU-2 will be addressed in detail. 

2.3.1 Air Quality 

Air quality monitoring programs have been conducted at WETS since the early 1950s. The 
piant currently incorporates air quality programs that protect the plant employees, the general 
public, and the environment through appropriate engineering, administrative controls, and 
subsequent monitoring and assessment of the impact to the air from both radiological and 
nonradiological sources. As part of this effort, an annual WETS site environmental report 
is published that includes all air monitoring data and associated impact analyses. The latest 
issue of this annual report is dated 1991 and includes the period from January through 
December 1991 (EG&G 1992d). The program currently includes monitoring for radionuclides 

#$&otal suspended and nonradioactive ambient air monitoring, which 
particulates and respirable particulates less than or equal to 10 micrometers (PM,,). 

I 

2.3.1.1 Radionuclide Ambient Monitoring 

Currently monitored air quality data include data collected as part of the Radiological 
Ambient Air Monitoring Program (RAAMP). The RAAMP ambient air samplers monitor 
airborne dispersion of radioactive materials from WETS into the surrounding environment. 
Samplers are designated in three categories by their proximity to the main industrial area. 
Twenty-three onsite samplers are located within WETS, concentrated near the main industrial 
area. Fourteen perimeter samplers border WETS along major highways on the north 
(Highway 128), east (Indiana Street), south (Highway 72), and west (Highway 93). Sampler 
locations are shown on Figure 2.3-1. Ambient samplers operate continuously at a volumetric 

(1040-l010-0079-530)(K.I 2)(9/26/95 I I I I m1)(3) 2-3 7 



flow rate of approximately 25 cubic feet per minute (cfm) using a WETS designed sampler 
that incorporates a brushless induction blower assembly. The samplers collect particulate 
matter on a fiberglass filter medium. Manufacturer's test specifications rate this filter media 
to be 99.97 percent efficient for relevant particle sizes under conditions typically encountered 
in routine ambient air sampling. Sampler flow rates are checked weekly, and filters are 
collected biweekly. Filters taken from the sampling network are analyzed for Pu and Am. 
Onsite and perimeter sites within OU-2 for 1991 are given in Table 2.3-1 and locations are 
shown on Figure 2.3-1. 

2.3.1.2 Nonradionuclide Ambient Monitoring 

Nonradioactive ambient air monitoring was conducted in 1991 for total suspended particulate 
(TSP) and respirable particulates less than or equal to PMI,. Ambient particulates are 
regulated by EPA and CDH under the Clean Air Act Amendments of -US Congress 
w, as defined by the National Ambient Air Quality Standards (NAAQS) and 
Colorado Air Quality Control Commission Ambient Air Standards. The NAAQS was 
originally based on total suspended particulate (TSP), a measure of total particulate recovery 
and not based on particulate size. The present EPA standard is based on PM,,. However, 
the CDH TSP standard also remains in effect. 

Ambient air monitoring at WETS provides baseline information on particulate levels. TSP 
and PM,, samplers are located near the east entrance to WETS, unobscured by structures, 
and generally downwind from plant buildings. The reference method hi-volume TSP sampler 
and Wedding PM,, sampler are operated on the EPA sampling schedule of 1 day for every 
6 days. 

2.3.2 Meteorology 

Meteorological data collected for this report are based on the primary meteorological station 
at WETS, the 61-meter tower located in the west buffer zone. The tower is instrumented at 
10, 25, and 60 meters to measure horizontal wind speed, vertical wind speed, wind direction 
and temperature. Dew point measurements are made at the 10 meter level. Solar radiation 
measurements are taken by a radiometer mounted on an unobstructed platform at 1.5 meters 
above ground level. Ground level precipitation and pressure are also measured. The climate 
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data are taken from data collected in 1991 as summarized in the annual environmental report 
(EG&G 1992d). The meteorological data included in this report represent 98 percent data 
recovery. The data set used in the air dispersion modeling analysis 

2.4 SURFACE WATER AND SEDIMENT INVESTIGATION 

This section provides a brief discussion of the surface water investigation, which is part of 
the site-wide Surface Water Data Collection Program. Only seep and sediment locations 
pertinent to OU-2 will be discussed in more detail. 

2.4.1 Sample Locations, Collection, and Frequency 

Under the Environmental Restoration Program, the RFETS Surface Water Data Collection 
Program is conducted at a network of fixed sites, involving surface water, seep, sediment and 
detention pond sample collection. Routine surface water and sediment sites are sampled 
quarterly, with the exception of several "seasonal" sites that are sampled on a monthly basis 
from March to June. Sampling locations are divided into nine program areas: 

1. Rock Creek 
2. Landfill 
3. Protected Area 
4. 881 Hillside 
5. Woman Creek 

6. South Interceptor Ditch 
7. North Walnut Creek 
8. South Walnut Creek 
9. Mound Area 

Seeps represent the only source (excluding stormwater runoff) of surface flow originating in 
OU-2. The seeps are sampled under the site-wide surface monitoring program, but due to 
seasonal variations, that often result in very low to non-existent flow rates, it is frequently 
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seasonal variations, that often result in very low to non-existent flow rates, it is frequently 
impossible to obtain samples from the seeps. Surface water sampling stations that include 
seep locations are designated as SW. Sediment sampling locations are designated as SED. 
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Most of the soil series are classified within the Argiustoll great group (Table 3.4-1). 
Argiustolls are generally characterized as well-drained soils with molic (dark) epipedons, 
argillic "B" horizons, and calcic "C" horizons. They exist in aridic and ustic (limited 
moisture) regimes, which are adequate for plant growth during the growing season. The two 
predominant subgroups are Torretic and Aridic. Torretic Argiustolls have a higher shrink- 
swell potential than Aridic Argiustolls (Department of Agriculture 1980). 

3.5 GEOLOGY 

This section, which presents descriptions, interpretations, and discussions of the geology of 
the OU-2 area, is divided into two subsections: Surficial Geology and Bedrock Geology. 
Geologic information and interpretations presented in these sections are based on data 
gathered during historical, Phase I, Phase 11 (alluvial and bedrock), and other ongoing 
investigations. The regional geologic setting surrounding the WETS site is discussed in 
each section to assist in understanding the local geology. For more detailed discussions on 

reader is referred to the Geologic Characterization Repon (DOE 1991d). 

the regional geology of the Front Range and High Plains surrounding the cite, .EF 

. . . . . . . . . . . . . 

Geologic interpretations in this section use both subsurface and surface data control. 
Subsurface stratigraphic control was obtained from lithologic logs of core and/or cuttings 
collected during the drilling of boreholes and monitoring wells, lithologic mapping along 
trench walls, and borehole geophysical logs. Pre-1991 core and/or cuttings were logged 
according to a visual geologic protocol (DOE 1991d, Appendix G).  Post-1991 core and/or 
cuttings were logged systematically and uniformly according to ER SOP GT.l (EG&G 
1992a). Table 3.5-1 lists the investigations that have placed boreholes, monitoring wells, 
and trenches in the OU-2 area and the number of each category. Lithologic logs from 182 
monitoring wells, 111 boreholes, and 3 trenches were used in this study. Appendix A4 
contains the lithologic logs for these monitoring wells and boreholes. Specific stratigraphic 
information obtained from these lithologic logs and used in construction of subsurface maps 
is summarized in Appendix A3. The locations of all historical and other investigation 
boreholes and monitoring wells used in this study are shown on Plates 1.3-1 and 1.3-2, 
respectively. The locations of OU-2 Phase II boreholes and monitoring wells installed during 
the alluvial program are shown on Figures 2.1-1 and 2.1-2, respectively. The locations of 
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workplans (DOE 1991a; 1991b) used this No. 1 through No.5 designation for the sandstones 

In 1992, a palynologic study of bedrock mre samples from the WETS site (many from the 
OU-2 area) was undertaken (DOE 1993e). The study analyzed spores, pollen, dinoflagellates 
and acritarchs (marine plankton), mllected from the bedrock materials for determinations of 
age and environments of deposition. According to Dodge (EG&G 1993c), this study has 
tentatively age-dated the geologic units directly beneath the Arapahoe Formation No. 1 
Sandstone as lower to middle Maastichtien in age (Le., part of the Laramie Formation). 
Analysis of samples collected from the No. 1 Sandstone, adjacent, and overlying claystone 
units did not yield definitive age dates for these units. Based on this palynological study, 
the base of the Arapahoe Formation has tentatively been moved upward from the base of the 
No. 5 Sandstone to the base of the No. 1 Sandstone. Further discussion on bedrock geology 
in this OU-2 Phase I1 report will use this current (1992) age and formation designation for 
bedrock units. 

Phase I and Phase 11 subsurface investigations have shown that the No. 1 Sandstone is a 

distinct bedrock unit separate in geologic characteristics from the underlying Laramie 
Formation sandstones. These geologic characteristics will be discussed further in the 
following sections. The No. 1 Sandstone designation used by DOE (1991d) is therefore 
continued in this report. Limited subsurface information is available though, to evaluate the 
geometries and lateral continuity of the stratigraphically lower Laramie Formation 
sandstones. These sandstones were referred to as No. 2 - No. 5 in earlier studies, which 
implies that the sandstones are correlatable units traceable across the WETS site. Unlike 
the No. 1 Sandstone, these sandstones appear to be discontinuous in nature, thus correlations 
from borehole to borehole are tenuous even within the limited area of OU-2. In this Phase 
I1 report, Laramie Formation sandstone/siltstone correlations between boreholes are based 
solely on like stratigraphic positioning relative to elevation although lateral continuity 
between boreholes is uncertain. Due to this uncertainty in lateral continuity, the Nos. 2 
through 5 designation for Laramie Formation sandstones is discontinued in this report. 
Rather, the units are referred to as Laramie Formation sandstone/siltstone intervals. 

3-33 
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briefly in Section 3.6.2.2.3 and in more detail in Section 3ASym. The hydrogeology of 
the hillside deposits (colluvium, terrace deposits, and disturbed ground) is discussed in 
Section 3.6.2.2.4. The UHSU system interactions are discussed in Section 3.6.2.2.5. 

Evidence presented in the following sections suggests that the saturated alluvial/colluvial and 
No. 1 Sandstone components of the UHSU exhibit a high degree of hydraulic communication 
in much of OU-2. However, groundwater flow and hydraulic gradients in the respective units 
are quite different. Thus, separate potentiometric surface maps for the alluvial/colluvial and 
No. 1 Sandstone components of the UHSU were prepared and are discussed in the following 
sections. 

3.6.2.2.1 R o c k  Flats Alluvium. Groundwater flow within the Rocky Flats Alluvium is 
strongly influenced by the top of bedrock features and the geometry and lithology of geologic 
units discussed in Section 3.5.  Saturated alluvial conditions within the Rocky Flats Alluvium 
occur predominantly within lows and scours in the top of the Arapahoe andor Laramie 
Formation bedrock materials. The largest of the scours, the medial paleoscour (Section 
3.5.1.1.1) contains and transmits most of the alluvial groundwater in OU-2. This paleoscour 
appears to originate in the vicinity of the 903 Pad and trends predominantly from southwest 
to northeast (Figures 3.5-5 and 3.5-6 and Plate 3.5-1). Paleoridges, capped by claystone, to 
the north and south of the medial paleoscour and a claystone high west of the paleoscour 
apparently bound the lateral extent of saturated alluvium across much of OU-2 west of the 
East Spray Fields. It is believed that alluvial groundwater inflow to OU-2 from the west is 
restricted by the claystone high just west of the 903 Pad. Well 1087 (located west of the 903 
Pad) and Well 37691 (southwest of the 903 Pad) are generally either dry or the saturated 
thickness in the unconsolidated materials at these wells is small (less than 2 feet). Thus, it 
appears that inflow of water in the alluvium from the west, if it occurs at all, is not 
substantial. 

The north and south paleoridges restrict groundwater outflow from the alluvium to the north 
and south, particularly during the drier seasons when groundwater levels are at their lowest. 
As described in Section 3.5, the medial paleoscour is believed to be truncated at the South 
Walnut Creek hillside. Alluvial groundwater flowing within the scour discharges at the head 
of a well-developed surface drainage gully on the hillside, probably as a result of truncation 
of the paleoscour at this location (Plate 3.6-1). 
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Only results from subsurface soil samples collected in OU-2 above the high water table levels 
(based on May 1992 water levels) were included n order to 
avoid including chemicals transported by groundwater. Potential groundwater contaminants 
are discussed in Sections 4.4 and 4.5. 

4.1.1.3 Groundwater Data 

Groundwater data used to characterize OU-2 were obtained from samples collected from 
WETS monitoring wells during specific OU-2 investigation programs and on a quarterly 
basis under the site-wide WETS Groundwater Monitoring Program. The lithologic material 
from which the samples were collected was reviewed and a determination made of the 
hydrostratigraphic unit sampled. The UHSU includes the Rocky Flats Alluvium, colluvium, 
valley fill alluvium, the Arapahoe Formation No. 1 Sandstone, weathered claystone of the 
Arapahoe and/or Laramie Formations, and subcropping Laramie Formation sandstones in 
communication with saturated UHSU materials. The LHSU consists of all unweathered units 
stratigraphically lower than those mentioned above. 

e Groundwater data obtained from UHSU wells installed and sampled during the 
OU-2 alluvial investigation program were added to the quarterly site-wide 
WETS Groundwater Monitoring Program sampling results from the second 
quarter of 1991 through the fourth quarter of 1992 for those wells and 
previously installed UHSU wells were used in the OU-2 characterization. In 
general, UHSU groundwater samples were analyzed for VOCs, SVOCs, 
pesticides/PCBs, metals (filtered and unfiltered), radionuclides (filtered and 
unfiltered), and other non-metal inorganics. The sampling methodology used 
during the OU-2 alluvial investigation is described in Section 2.1.3, and the 
analytical protocol are documented in the General Radiochemistry and Routine 
AnaZyticaZ Services Protocol (GRRASP) (EG&G 1994a). The work plan 
associated with the WETS Groundwater Monitoring Program is Groundvater 
Protection and Monitoring Program Plan (GPMPP) (EG&G 1991 through 
1994). 

e Groundwater data obtained from the WETS Groundwater Monitoring Program 
LHSU wells sampled quarterly from the second quarter of 1991 through the 
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SVOCs, pesticides/PCBs, metals (filtered and unfiltered), other non-metal inorganics, and 
radionuclides (filtered and unfiltered). The data used in the OU-2 characterization were 
collected from the first quarter of 1991 through the third quarter of 1992. 

Seep sediment samples were obtained at selecte 
sediment locations SED03 1 and SEDO38, 
SWO57/SWO51, respectively. In general, 
SVOCs, pesticidesPCBs, metals, other non-metal inorganics, and radionuclides. The data 
evaluated were collected from the first quarter of 1991 through the third quarter of 1992 
under the WETS Surface Water Monitoring Program. Sampling SOPS used to collect seep 
surface water and seep sediment samples are described in Section 2.4, and the analytical 
protocol are documented in GRRASP (EG&G 1994a). 

these include 

For the evaluation of potential contamination of seep surface water and seep sediment 
(Section 4.6), all the organic compounds detected were used. However, of the inorganic 
compounds (metals and radionuclides), only those chemicals that were identified as PCOCs 
in UHSU groundwater and surface soil were used. This approach focused the evaluation on 
those inorganic chemicals that were truly potential contaminants because the source of 
contamination to seep surface water and seep sediment is contaminated UHSU groundwater 
and contaminated surface soils transported by overland flow. 

- 

4.1.1.5 Air Data 

Air samples are collected from WETS monitoring stations on a bi-weekly basis under a 
plant-wide air monitoring program. Data used in the OU-2 evaluation consists of measured 
Pu activity concentrations in air from nine RAAMP samplers sampled in 1993 (Section 4.7). 
Data from analyses of these samples have been used as a comparison to modeled activity 
concentrations for the air contaminant migration pathway. Pu activity concentrations in the 
surface soil data set were used as potential sources for air modeling. All available surface 
soil data were used (regardless of the sampling method) in this evaluation. No background 
comparison was performed for the air data. 
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purposes of identification and notification of state standards, the term "promulgated" means 
that the standards are of general applicability and are legally enforceable. 

In addition to ARARs, other non-promulgated advisories, criteria, or guidance documents that 
are to-be-considered (TBC) to supplement an ARAR provision for a particular release may 
be identified. TBCs are not legally binding and do not have the status of potential ARARs. 
However, TBCs can be used, when suitable, to determine the level of cleanup required to 
protect human health and the environment, In accordance with the National Contingency 
Plan (40 CFR 300), ARARs for OU-2 will be evaluated in the feasibility study process. 

4.2 SURFACE SOIL CHEMICAL RESULTS 

This section presents chemicals in OU-2 surface soil that were identified as PCOCs by the 
process described in Section 4.1.4. PCOCs have been plotted to assess the spatial distribution 
of potential contamination. 

The various sampling programs and methodologies used to collect surface soil samples are 
described in Section 2.5, Surface Soil Investigation. Surface soil sample locations are shown 
on Figure 2.5-1 and Plate 2.5-1. Section 4.1.1.1, Surface Soil Data, describes the data used 
for the characterization of OU-2. 

The PCOCs identified in OU-2 surface soil include SVOCs, pesticidesPCBs, metals, and 
radionuclides. Polynuclear aromatic hydrocarbon (PAH) compounds are widely distributed 
across the site. The PAHs detected are believed to be from anthropogenic sources. 
Pu-239/240 and Am-241 are also widely distributed in surface soil at OU-2 due to wind 
dispersion from historic releases during cleanup activities at the 903 Drum Storage Site 
(IHSS 112). Because the elevated activity concentrations of Pu-239/240 and Am-241 in the 
surface soil at OU-2 are related to cleanup activities at the 903 Pad Drum Storage Site, and 
the PAH compounds are widely distributed with no apparent relationship to source areas, the 
nature and extent of surface soil contamination is discussed on an OU-wide basis, rather than 
a source area basis. Source area boundaries have been included on the figures only for 
reference (Section- 'mFontains a discussion of the source areas.) 
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The other SVOC detected was n-nitrosodiphenylamine ( 5  1 J pgkg) collected from a depth of 
0.9 to 3.75 feet in borehole BH2887. 

Pesticides/PCBs 

No pesticides or PCBs were detected in the subsurface soil samples collected at IHSS 140. 

Metals 

Four PCOC metals (As, Ba, Cd, and Pb) were detected at concentrations above the BSLs in 
IHSS 140, as presented in Table 4.3-4. As (a subsurface @oil COC), Cd (also a subsurface 
soil COC), and Pb detections above the BSLs are shown on Figure 4.3-7, and the Ba results 
above the BSL are displayed on Figure 4.3-8. Cd was detected at concentrations above the 
BSL of 1.7 mg/kg in 7 of 24 samples analyzed. Detections above the BSL occurred in 
samples collected for 1987 vintage boreholes only. The elevated concentrations of Cd were 
generally constant with depth but vary slightly between boreholes; Cd concentrations ranged 
from 1.8 mgkg  to 5.4 mgkg. Post-1987 borehole samples collected near locations previously 
sampled during the 1987 sampling program did not confirm the presence of Cd concentrations 
above the BSL. As, Ba, and Pb were detected only once, at concentrations slightly above 
their BSLs. 

- 

Radionuclides 

Twelve radionuclides were detected at activity concentrations above BSLs in the Reactive 
Metal Destruction Site (IHSS 140), as shown in Table 4.3-4. The actinides (Pu-239/240, 
Am-241, U-233/234, U-235, and U-238) detected at activity concentrations above the BSLs 
are shown on Figure 4.3-9. The non-actinides (Cs-137, gross alpha, gross beta, Ra-226, 
Ra-228, Sr-89/90, and 3H) detected at activity concentrations above the BSL are shown on 
Figure 4.3-10. 

Pu-239/240 (a subsurface soil COC) was detected above the BSL of 0.018 pCi/g in 8 of 25 
samples. The sample with the maximum Pu-23 9/240 activity concentration was collected 
from borehole BH2687 (83 pCi/g) at a depth of 0.3 to 2.5 feet. Borehole BH2687 is located 
on the southwest corner of IHSS 140. All except one sample of Pu exhibiting elevated 
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from borehole BH4987. Bis(2-ethylhexy1)phthalate was detected in samples collected from 
borehole 07991 at depths greater than 14 feet. Di-n-butyl phthalate was detected in 5 of 11 
samples analyzed. The di-n-butyl phthalate detections were in samples collected from 
boreholes 07991 and BH4987. Pyrene was detected in one sample at a concentration of 
570 pgkg collected from borehole 07991 at a depth of 2 to 8 feet. 

PesticidesPCBs 

The PCB Aroclor-1254 was detected in 1 of 11 samples analyzed. The PCB detection 
(250 pgkg) was observed in a sample collected at a depth of 2 to 8 feet from borehole 07991 
(Table 4.3-7 and Figure 4.3-27). 

Table 4.3-7 illustrates the four PCOC metals (As, Cd, Ca, and Pb) that were detected at 
concentrations above the BSLs from subsurface soil samples collected from Trench T-9. As 
(a subsurface soil COC), Cd (a subsurface soil COC), and Pb concentrations above the BSL 
are displayed on Figure 4.3-28. Ca concentrations above the BSL are shown on 
Figure 4.3-29. As, Cd, and Pb were all infrequently detected at concentrations only slightly 
above the BSLs. Ca was detected above the BSL in 3 of 18 samples analyzed with a 
maximum concentration of 13 1,000 mg/kg. Elevated Ca concentrations are probably related 
to a naturally occurring caliche layer within the Rocky Flats Alluvium. 

Radionuclides 

Seven PCOC radionuclides exceeded the BSL in subsurface soil samples collected from 
Trench T-9, as shown in Table 4.3-7. Actinide (Pu-239/240, Am-241, U-233/234, U-235, and 
U-238 [all subsurface soil COCs]) activity concentrations above the BSLs are shown on 
Figure 4.3-30. Am-241, U-233/234, m - 2 3 5 -  were all infrequently detected at 
activity concentrations only slightly above the BSLs. 
infrequently detected, but aff-elevated activity concentration 

etected at a depth of 2 to 8 feet from borehole 07991. 
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s v o c s  

' -  

Bis(2-ethylhexy1)phthhaiate was detected once (estimated at 3 pgL) at Well 41691, in the 
extreme northeastern corner of the East of MSSs Source Area (Table 4.4-7 and Plate 4.4-5). 
No other SVOCs were detected in this source area. 

Pesti ci des/PCBs 

No pesticides/PCBs were detected in UHSU groundwater in this source area (Table 4.4-7 and 
Plate 4.4-6). 

Filtered Metals 

Twelve metals were observed at concentrations above BSLs in filtered samples collected from 
wells in the East of IHSS Source Area (Table 4.4-7). The distribution of the metals detected 
above BSLs is shown on Plates 4.4-7 through 4.4-9. Two of the metals, Sb and Li, were 
detected at maximum concentrations that were the highest observed for these two metals 
within all of OU-2 UHSU groundwater. 

The maximum concentration of Sb (87.5 pg/L, BSL=43 p a )  was detected in a sample from 
Well 0286, located along the eastern facility boundary. Sb was not detected above BSLs in 
two other samples collected from Well 0286. 

The three highest concentrations of Li observed in all of OU-2 UHSU groundwater, including 
the maximum detected concentration of 253 pg/L (BSL=l45 pg/L), were detected in samples 
from Well 06491, located adjacent to the eastern facility boundary. 

?a 
&, , 

Cd, Cr, Ni, and Zn were all detected at their highest concentrations (6.3, 22.2, 108, and 
65 pg/L, respectively) for this source area in samples from Well 0386, located between Wells 
0286 and 06491 along the eastern facility boundary. The BSLs for these metals are 
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Mg, Mn, and Sr were all observed at their highest concentrations (97,200, 1,200, and 
2,310 pg/L, respectively) in this source area in samples from Well 41591, which is paired 
with Well 0286 along the eastern facility boundary. 

'Unfiltered Metals 

Twenty-three metals were detected at concentrations above BSLs in unfiltered samples 
collected in the East of MSSs Source Area (Table 4.4-7). The distribution of the metals is 
shown on Plates 4.4-10 through 4.4-14. 

Sixteen of the metals (AI, Sb, Ba, Be, Cd, Co, Cu, Fe, Pb, Mn, Hg, K, Si, Ag, V, and Zn) 
were observed at their highest concentrations for this source area in samples from Well 
41691, located in the extreme northeast comer of the area. 

Maximum concentrations for this source area for the other metals occurred at the following 
wells: 41591 (As, mg, and Sr), 06491 (Li and Na), and 0286 (Cr and Ni). 

Filtered Radionuclides 

Filtered radionuclides detected at activity concentrations above BSLs in UHSU groundwater 
are Am-241, gross beta, Ra-226, and Sr-89/90 (Table 4.4-7 and Plates 4.4-15 and 4.4-16). 
Because insufficient background data were available to calculate a BSL for Pu-239/240 in 
filtered samples, detections of this radionuclide are also shown on the table and plates. 

Each of these radionuclide PCOCs (excluding Sr-89/90) was observed at its maximum activity 
concentration in samples from Well 41691, located in the extreme northeast comer of the 
source area. Sr-89/90 was observed at its maximum activity concentration in a sample from 
Well 0386. The detected activity concentrations of the PCOC radionuclides in this source 
area were low relative to other OU-2 source areas. 

Unfi 1 tered Radionuclides 

Am-241 and Pu-239/240, both OU-wide UHSU COCs, were detected at activity 
concentrations above BSLs for unfiltered groundwater samples in this source area 
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TABLE 4.7-1 
SUMMARY OF RAAMP PLUTONIUM 
ACTIVITY CONCENTRATIONS - 1993 

C C C Standard Percent of 
Number of (minimum) (maximum) (mean) Deviation DCG 

Station Samples @g/m 1) @g/m 1) @glm I) C(standard) C(mean) 

PLUTONIUM ACTIVITY CONCENTRATIONS ONSITE IN OU-2 

S6 10 0.016E-15 0.241E-15 0.078E-15 0.0794E-15 0.391E-15 
s7 12 0.019E-15 0.4697E-15 0.163E-15 0.1E-15 0.813E-15 
ss 12 0.03E-15 0.849E-15 0.353E-15 0.25OE-15 0.117E-15 
s9 12 0.032E-15 0.381E-15 0.1712E-1 0.115E-15 0.857E-15 
s19 11 0.007E-15 0.092E-15 0.024E-15 0.0243-15 0.12OE-15 

Overall 57 0.021E-15 0.4061E-15 0.158E-15 0.12OE-15 0.79OE-15 

PLUTONIUM ACTIVITY CONCENTRATIONS PERIMETER SITES ON OU-2 

S36 11 0 0.004E-15 0.001E-15 0.001E-15 0.006E-15 
s37 9 0 0.004E-15 0.0024E-1 0.002E-15 0..010E-15 
S38 9 0 0.109E-15 0.014E-15 0.036E-15 0.069E-15 
s39 11 0 0.004E-15 0.001E-15 0.001E-15 0..005E-15 

Overall 40 .004 0.030E-15 0.005E-15 0.0 10E-15 0.0023E-15 - 
PLUTONIUM ACTIVITY CONCENTRATIONS ALL RF'P ONSITE SAMPLERS (S-1 THRU S-25) 

Overall 237 -0.001E-15 0.8497E-15 0.056E-15 0.119E-15 0.278E-15 

PLUTONIUM ACTIVITY CONCENTRATIONS ALL PERIMETER RF'P STIES (S-31 THRU S-44) 

Overall 157 -0.001E-15 0.109E-15 0.002E-15 0.010E-15 0.012E-15 

PLUTONIUM ACTIVITY CONCENTRATIONS ALL COMMUNITY SITES (S-51 THRUH S-73) 

Overall 118 0.001E-15 0.021E-15 0.001E-15 0.002E-15 0.006E-15 

Note: 

(4040-l&79-530) (R6T471.XL2) (9/28/95 1241 PM) Note: Change from Draft Final (0 Final shown in italizadmold. Sheet 1 of 1 



contaminate groundwater. Leaching of residual contamination from the vadose zone and 
downward migration of DNAPL may continue to contaminate groundwater. 

Elevated concentrations of VOCs (particularly TCE) have been detected in groundwater in 
Well 3687, which is screened in the Arapahoe Formation No. 1 Sandstone and located 
hydraulically downgradient (north) of Trench T-4. It should be noted that no wells were 
installed orth of Trench T-3 in the Arapahoe Formation No. 1 Sandstone as part 
of the OU-2 investigations. Based on the presence of NAPL and elevated concentrations of 
VOCs in Trench T-3 soils, elevated concentrations of VOCs are expected in groundwater 
north of that trench. 

VOCs appear to have migrated in groundwater from the T-3 and T-4 
trenches by advection and dispersion processes to form contaminant plumes within the 
Arapahoe Formation No. 1 Sandstone and, to a lesser extent, within the alluvium. 
Contaminant plumes in the sandstone migrate toward the north-northeast and appear to 
discharge at sandstone seeps on the hillside of the South Walnut Creek drainage. 
Contaminated groundwater in the alluvium flows along the medial paleoscour, northeastward 
toward the surface drainage gully. The contribution of contamination from the Northeast 
Trenches Source Area to alluvial groundwater appears to be limited, except under high 
groundwater conditions, because much of the area (including Trench T-3 and part of T-4) 
overlies unsaturated alluvium. To date, discharge of contaminants at the surface drainage 
gully appears to be minimal based on groundwater concentrations in the gully that are at 
-the method detection limits. 

Analytical data indicate that VOCs occur (at low concentrations) in a Laramie sandstone 
where the sandstone subcrops to the Arapahoe Formation No.1 Sandstone on the South 
Walnut Creek hillside, north of Trench T-4. In the subcrop area, the Laramie sandstone unit 
is considered to be part of the UHSU and is in hydraulic communication with the Arapahoe 
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Formation No. 1 Sandstone. A discussion of contaminant migration in the Laramie Formation 
is presented in Section 5.3.6. 

Volatilization of VOCs to form soil gas potentially occurs beneath the T-3 and T-4 trenches 
due to the presence of residual contamination and possibly NAPL in vadose zone soils. 
Volatilization of VOCs from groundwater to form soil gas may also occur in association with 
groundwater contaminant plumes in the Arapahoe Formation No. 1 Sandstone and Rocky 
Flats Alluvium. The resulting soil gas may reach the atmosphere, depending on the depth of 
the residual contamination or water table. 

(4040-1041-0079-530)(R4 5)(9/29/95 9 09 sm)(3) 5-37a 



This approach was considered appropriate and adequate because the goal of the modeling was 
to simulate total annual loading to the creek to compute concentrations at exposure points for 
the human health risk assessment. Detailed simulation of the loading distribution along the 
creeks was not necessary because the surface water model used to estimate exposure point 
concentrations does not require that information. 

The major assumptions used in applying the ONED3 model were presented in Section E3.3. 
The following section discusses the rationale used to develop input parameters for the 
colluvium fate and transport model. 

E6.3 MODEL INPUT PARAMETERS 

Hydraulic Parameters 

The hydraulic input parameters required for the ONED3 simulations are pore velocity (i.e., 
average linear velocity), longitudinal dispersivity, and travel distance. 

Pore velocity, v, is given by: 

(E6.1) 

The hydraulic conductivity, K, and the effective porosity, n,, of the colluvium/terrace deposits 
in OU-2 were assumed to be the same as estimated for the colluvium on the OU-1 881 
Hillside at Rocky Flats (Fedors et al. 1992). The geometric mean of the hydraulic 
conductivity field measurement values for the colluvium in OU-1 is 0.4 ft/d (1 x cm/s), 
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and the effective porosity is estimated to be 0.1. The hydraulic gradient, dH/dL, for the 
hillside of the Woman Creek drainage was estimated from the May 1992 alluvialholluvial 
water table map (Figure 3.6-9) to be 0.15 ft/ft. The hydraulic gradient for the hillside of the 
South Walnut Creek drainage was estimated from the topographic slope to be 0.17 Wfi. 
Based on these parameters, the pore velocities toward South Walnut Creek and Woman Creek 
were calculated using equation E6.1 to be 0.68 ft/d and 0.6 Wd, respectively. 

The longitudinal dispersivity used for the colluvial models for both hillsides was 20 feet, as 
was used for the MT3D model. 

The average travel distances from the groundwater seeps to South Walnut Creek and Woman 
Creek are approximately 200 feet and 1,000 feet, respectively. The average travel distance 
from the Trench T-2 source to Woman Creek is approximately 1,000 feet. 

Fate and TransDort Parameters 

- 
Fate and transport parameters required for ONED3 simulations are retardation factors, 
degradation half-lives, source half-lives, and initial and boundary conditions. Table E6- 1 
summarizes the fate and transport parameters used in the colluvial models. 

Retardation Factor. Site-specific data for organic carbon fraction, f,, were not available for 
the colluvium to estimate the distribution coefficient, K,, for VOC COCs. Therefore, the 
average of the calculated retardation values for the MT3D model (Table E5-2) were used in 
the colluvium simulations for VOC COCs (Table E6-1). For radionuclides, the low end 
values of the retardation range used in the MT3D simulations were used for the colluvial 
simulations. 

Degradation half-life. As for the MT3D model, degradation was assumed not to occur for 
the VOC COCs. For the radionuclides, the radioactive half-lives used for the MT3D model 
were also used for the colluvial models. 
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MT3D model source half-life. The source term for the colluvial model on the Woman Creek 
hillside consists of a seep source term (from the results of the lW3D model) and a separate 
continuous trench source term to account for the Trench T-2 site located directly in the 
colluvium on the hillside (Figure E2-2). Because the 903 Pad source has a finite lifetime as 
a source of groundwater contamination, the seep source to the colluvial model was simulated 
as a decaying source. The maximum value used for this source term was equivalent to the 
maximum eep concentration redicted by the 
MT3D model, and the source term was 

l -  
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infiltration and from upgradient seeps) moves through the trench, as indicated by the colluvial 
plumes emanating from Trench T-2 (Figures E3-3 through E3-8). 

. .  m m = 2  

length-weighted average source concentration was computed for 
each contaminant emanating from the trench. These length-weighted average concentrations 
were computed by estimating the average concentrations for the plume width from the plume 
maps and adjusting those average concentrations for the width of the entire saturated 
colluvium flow area. 

- 

Table E6-2 summarizes the flow-weighted seep source terms and the length-weighted trench 
source terms used for the colluvial models. 

E6.4 PREDICTIVE SIMULATION SCENARIOS AND RESULTS 

The predictive simulation scenario for the colluvial models was based on the predictive 
simulation for the MT3D model (i.e., high recharge, no decay for VOC COCs, decay for 
radionuclides). 

For Woman Creek, two simulations were performed: one for the seep source and one for the 
Trench T-2 source located directly within the colluvium. The results from these two 
simulations were then added to yield the combined effect of both sources. 
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constituents were retained for consideration in a separate risk evaluation in of 
the uncertainty section of the HHRA (CDPHE 1994; EPA 1994b; DOE 1994d): 

Surface soil: PAHs 
0 Groundwater: As, Sb, Be, and Mn 

Evaluation of Infreauentlv Detected Compounds: Organic compounds and metals that were 
detected at less than 5 percent frequency in surface soil, subsurface soil, and groundwater are 
listed in tables accompanying Appendix H (Tables H3-3, H3-9, and H3-14). For these 
infrequently detected compounds, maximum concentrations were compared to screening levels 
equivalent to 1,000 times RBC to determine whether there was potential risk to human health 
on the basis of high concentration and toxicity even though the chemicals were rarely 
detected and exposure potential was low. RBCs were defined as chemical concentrations 
associated with an excess lifetime cancer risk of 1E-06 (1 in 1 million) or a hazard index of 
1 for noncarcinogenic effects. RBCs for chemicals in surface soil were calculated assuming 
residential exposure by ingestion of soil and inhalation of airborne particulates. RBCs for 
chemicals in subsurface soil were calculated assuming construction worker exposure by soil 
ingestion and inhalation of particulates and VOCs. RBCs for chemicals in groundwater were 
calculated assuming residential exposure by ingestion of water and inhalation of VOCs during 
water use. 

Infrequently detected chemicals whose maximum concentrations exceeded 1,000 times the 
RBC were retained as special-case COCs for separate evaluation in the risk assessment. Only 
vinyl chloride in groundwater was identified as exceeding 1,000 times the RBC. The risk- 
based evaluation of infrequently detected chemicals is described in detail in Appendix B of 
the TM 9 for OU-2 (DOE 1994b). 

Special-Case COCs: Special-case COCs are (1) compounds that were infrequently detected 
(< 5 percent, and therefore not potential OU-wide chemicals of concern) but that exceeded 
1,000 times the RBC and (2) compounds that are probably not environmental contaminants 
but were retained for separate consideration because of toxicity. Special-case COCs were 
vinyl chloride in groundwater, PAHs in surface soil, and four metals in groundwater (As, Sb, 
Be, and Mn). 
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No. 1. This receptor is the maximum exposed individual (has the highest exposure to 
chemicals and radionuclides) of all the current and future nonresidential receptors. 

Future Ecolovical Researchers: A future onsite ecological researcher, assumed to perform 
specific field research projects involving contact with surface soil, surface water, and 
sediments, was evaluated in AOC No. 1, AOC No. 2, and the SO-acre maximum exposure 
area in AOC No. 1. 

Future Open Space Use: An onsite open space exposure scenario, developed to estimate 
risks from recreational use of open space areas at RFETS, was evaluated in AOC No. 1 and 
AOC No.2. 

Future Construction Worker: Future onsite construction workers, assumed to contact 
subsurface soil during excavation activities associated with construction of commercial 
buildings, were evaluated in AOC No. 1 and AOC No. 2. 

' Hwothetical Onsite Resident: EPA, CDPHE, and DOE have agreed that evaluation of a 
future onsite residential scenario is not required in the HHRA because future land use at 
RFETS will not include residential development (DOE 1995b; EPA 1995a; CDPHE 1995). 
Nevertheless, an onsite residential exposure was evaluated in the HHRA in AOC No. 1, 
AOC No. 2, and in a 10-acre maximum exposure area in AOC No. 1 as a hypothetical 
scenario to provide an upperbound estimate of risk that may support risk management 
decisions for low-hazard areas within OU-2. Because residential development is not a 
reasonable future land use in OU-2, 

- 

Current and Future Offsite Residences: The two closest current residences to RFETS, 
located near its southeast border (Figure 6.4-l), were evaluated for impacts from airborne 
particulate matter released from surface soil in OU-2. Two hypothetical future residences 
located at Indiana Street were also assessed: at Woman Creek at the southern boundary of 
OU-2 and at Walnut Creek at the northern boundary of OU-2 (Figure 6.4-1). These 
receptors were evaluated for exposure to airborne particulate matter and surface 
water/sediment. 
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6.4.4 Exposure Pathways 

Potentially complete exposure pathways for each receptor are listed in Table 6.4-2 and 
shown in the CSM on Figure 6.4-2. 

The CSM is a schematic representation of the chemical sources, chemical release 
mechanisms, environmental transport media, human intake routes, and human receptors for 
OU-2. A complete exposure pathway requires a chemical source, chemical release 
mechanism, environmental release medium, exposure point, and human intake route. If one 
of these elements is lacking, the pathway is incomplete and no human exposures can occur. 

Incomplete pathways and pathways that were potentially complete but negligible (i.e., 
potentially complete pathways that are unlikely to have any bearing on mathematical 
estimations of total risk to receptors) were not evaluated in the HHRA. The following 
exposure pathways are incomplete or negligible for all receptors. 

0 Ingestion of fish in Woman or Walnut Creeks (incomplete). 

- 
a Ingestion of livestock ( 

0 Inhalation of VOCs released to outdoor air through volatilization from soil 
or groundwater (negligible). 

0 Dermal uptake of metals and radionuclides from soil and sediment 
(negligible). 

0 Exposure to groundwater in the LHSU (incomplete). Additional information 
on the LHSU is presented in Section 4.5 of the RFI/RI report. 

Site-wide negligible and incomplete pathways are discussed further in Appendix H of this 
report and in the Exposure Assessment TM for 01.1-2 (DOE 1994a). 

-.. - _  /,------.> 
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6.5 EXPOSURE POINT CONCENTRATIONS 

Exposure point concentrations of COCs were calculated for each exposure area and 
exposure medium (surface soil, subsurface soil, groundwater, air, surface water/suspended 
sediment, and garden produce) evaluated in the risk assessment. The exposure point 
concentration of a chemical in a sampled medium (e.g., soil or groundwater) is usually the 
95 percent upper confidence limit (95% UCL) on the arithmetic mean. The 95% UCL on 
the mean is an estimate of the average concentration to which people would be exposed 
over time in the exposure area. Sometimes the maximum detected concentration is used 
as the exposure concentration if the data set does not permit a good estimate of the mean. 
This can occur with small data sets or in data sets with a high frequency of nondetects. If 
the calculated 95% UCL concentration exceeds the maximum detected concentration, the 
maximum is used as the exposure concentration (EPA 1989a). For convenience in this 
report, the 95% UCL or maximum concentration is referred to as the RME concentration. 
RME concentrations of COCs were used in estimating risk for both the CT and RME 
exposure scenarios. 

* 

6.5.1 Calculating the Concentration Term - 
Tables 6.5-1 through 6.5-3 summarize the exposure concentrations of COG in surface soil, 
subsurface soil, and groundwater for each exposure area evaluated in the HHRA. 
Attachment H1 to Appendix H shows analytical results used in the calculations. In 
calculating exposure concentrations from chemical analytical results, one-half the SQL was 
used to represent the concentration in samples that were "nondetect" for a chemical, 
provided that the chemical was detected in at least one other sample in the data set (EPA 
1989a). An exception to this rule is when the SQL is unusually high due to 
sample dilution. The SQL for diluted samples can far exceed the measured concentrations 
of the chemical in other samples. 

excluded from the data set if they caused the arithmetic mean concentration to exceed the 
maximum detected concentration. 
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The same principle was applied when a compound was detected in very few samples and 
only at estimated quantities below the CRQL. If using one-half the CRQL for nondetects 
caused the arithmetic mean concentration to exceed the maximum reported concentration, 
those nondetect samples were excluded from the data set. 

(4040-1040-009~862) (R4.6A) (September 26. 1995 3:14 pm) 6-17a 



Attachment H1 to Appendix H contains tables showing all analytical results in the data sets and 
the calculation of 95% UCL concentrations for surface soil, subsurface soil, and groundwater. 
The 95% UCL concentrations were calculated based on either a normal or lognormal 
distribution, as appropriate. Probability plots and histograms are also shown for most data sets, 
In some cases, the calculation of the 95% UCL based on a lognormal distribution gave an 
unreasonable result (e.g., a value much higher than the maximum observation), even though the 
data appear to fit a lognormal distribution. These cases were most common for small data sets 
and for larger data sets that had a range of several orders of magnitude between the minimum 
and maximum observations. When unreasonable results were obtained, other values (either the 
maximum concentration or the 95% UCL based on a normal distribution) were used as the 
exposure concentration for risk assessment. These cases are noted in Tables 6.5-1 through 6.5-3 
and are discussed in Attachment H1. 

6.5.2 Surface Soil 

Table 6.5-1 summarizes the RIVE concentrations of COCs in onsite surface soil in each 
exposure area. COCs are aroclor-1254, aroclor-1260, BEHP, Cr, Am-241, and Pu-239/240. 
Exposure point concentrations were calculated for AOCs No. 1 and No. 2 and for the maximum 
exposure areas of 10, 30, and 50 acres in AOC No. 1. - 
Several factors regarding the surface soil exposure point concentrations are noteworthy: 

0 Aroclors (PCBs), although identified as OU-wide COCs using the selection 
process described in Section 6.3, were detected in only 2 of 40 surface soil 
samples, both collected in 1993 at the Mound Area (IHSS 113) (Figure 6.5-1). 
Therefore, exposure potential-and probable health risk-is minimal. . .  

0 Cr was not statistically different from background concentrations (Appendix A, 
TM 9 DOE 1994b). Nevertheless, it was identified as an OU-wide COC because 
two sample results (26 mg/kg and 29.5 mg/kg) exceeded the background upper 
tolerance limit (m,,,,) of 24.8 mg/kg. RME 
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The indoor air concentrations were estimated using a simple model in which RME 
concentrations of VOCs in groundwater were multiplied by a constant volatilization factor 
(VF) to convert a water concentration ( m a )  to an air concentration (mg/m’) (Andelman 
1990). In the derivation, all uses of household water were considered (e.g., showering, 
laundering, dish washing.) To estimate an RME air concentration, a CT value for VF of 
0.065 mg/m3 air per mg/L water was multiplied by the RME concentration in groundwater 
to yield the RME indoor air concentration. 

6.5.9 Surface WatedSediment 

Currently, under the WETS surface water management plan, both Woman and Walnut Creeks 
are monitored, and surface water discharges meet applicable federal and state surface water 

us, there was assumed - to be ne current risk associated with contact with surface water in the creeks 
offsite. A screening-level model was used to estimate future reasonable maximum 30-year 
average concentrations of COCs that could result from migration of OU-2 contaminants in 
UHSU groundwater to surface water and from transport of contaminated surface soil in storm 
runoff, assuming that the surface water is not monitored, detained in ponds, diverted, or 
treated. Concentrations estimated at Woman and Walnut Creeks at Indiana Street were used 
as exposure concentrations for both onsite and offsite receptors. The 30-year period was 
selected to correspond to the RME duration for residential receptors. The groundwater 
modeling, used to estimate contaminant loads to the creeks, is described in Appendix E. The 
surface water model is described in Appendix F. 

The surface water model consisted of two major portions: (1) hydrologic simulation of flow 
originating from the entire watersheds of Woman Creek and Walnut Creek upstream of 
Indiana Street and (2) fate and transport simulation of contaminant loads from OU-2 
groundwater (chlorinated solvents, Am-241, and Pu-239/240) and surface soil (Am-241 and 
Pu-239/240). Other COCs in surface soil (BEHP, PCBs, and Cr) were not modeled as source 
loads to the creeks because they were non-detect or below background levels at all but one 
or two sampling locations and the mass flux of these COCs would be insignificant compared 
to mass flux of Pu-239/240 and Am-24 1, which were found at nearly all surface soil sampling 
locations. 
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6.8.2 Carcinogenic Risk 

Potential carcinogenic effects are characterized in terms of the incremental probability of 
an individual developing cancer over a lifetime as a result of exposure to a potential 
carcinogen. Excess lifetime cancer risk is estimated from the projected lifetime daily 
average intake and the cancer SF, which represents an upperbound estimate of the dose- 
response relationship. Excess lifetime cancer risk is calculated by multiplying the average 
daily chemical intake by the cancer SF as follows: 

Cancer Risk = Chemical Intake (mg/kg-day) x SF (mg/kg-day)-' 

EPA states that carcinogenic risks estimated using SFs are upper-bound estimates. This 
means that the actual risk is likely to be less than the predicted risk (EPA 1989a). RME 
cancer risks could be significantly overestimated because they are generally calculated by 
multiplying together 95th percentile estimates of cancer potency, 95% UCLs of 
concentrations, and high-end estimates of several exposure parameters. 

I , The risks resulting from exposure to multiple carcinogens are assumed to be additive. The - total cancer risk is estimated by summing the risks estimated for each COC and for each 
pathway. This is a highly conservative approach that results in an artificially elevated 
estimate of cancer risk, especially if several carcinogens are present, because 95th percentile 
estimates are not strictly additive (EPA 1989a). 

EPA policy must be considered in order to interpret the significance of the cancer risk 
estimates. In the National Oil and Hazardous Substances Pollution Contingency Plan (EPA 
1990d), EPA states that: "For known or suspected carcinogens, acceptable exposure levels 
are generally concentration levels that represent an excess upper-bound lifetime cancer risk 
of between lo4 and lo'." Additionally, where cumulative carcinogenic risk to an individual 
based on RME exposure is less than lo4 and the total HI does not exceed 1, action is 
generally not warranted for protection of public health (EPA 1991d). 
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6.8.3 AOC No. 1 

AOC No. 1 includes the 903 Pad, Mound, Northeast Trenches, and Southeast Trenches, 
which contain all of the IHSSs that were investigated in OU-2. Hazard/risks results for 
current and future receptors evaluated in AOC No. 1 are summarized in Table 6.8-1 and 
detailed in Attachment H3 in Appendix H. 

Noncarcinofzenic Hazard Index: The cumulative HIS for noncarcinogenic health effects for 
current and future onsite nonresidential receptors in AOC No.1 are 4E-02 or less for the 
average and RME conditions (Table 6.8-1). Because the HIS are less than 1, no adverse 
noncancer health effects are expected even for sensitive individuals exposed under RME 
conditions. 

The cumulative HIS for the onsite residential exposure in AOC No. 1 are 2E+01 and 
1.4E + 02 for the average and RME conditions, respectively. Ingestion of groundwater is the 
only pathway that contributes significantly to the total HI (Table 6.8-1). CC14 and PCE 
contribute most of the total HI (Attachment H3 in Appendix H). Residential development 
is not a reasonable future land-use scenario in OU-2; 

:.:.:.:.:.:.:.:.:.~.:.:.:.:.:.:.:+~~.:. 
grn-92 ............................. ... . .!.:<.:. 

Carcinoecenic Risk: Excess lifetime cancer risk estimates for onsite receptors in AOC No. 1 
are summarized in Table 6.8-1 and detailed in Attachment H3 in Appendix H. Excess 
lifetime cancer risk estimates for all nonresidential receptors in AOC No. 1 were less than 
or within the EPA target cancer risk range of 1E-06 to 1E-04 (1 in 1 million to 1 in 10,000) 
for exposure to chemicals released from hazardous waste sites (EPA 1989a). Exposure to 
Pu-239/240 in surface soil by the ingestion and inhalation pathways accounted for most of 
excess lifetime cancer risk for these receptors. 

The estimated excess lifetime cancer risk for the hypothetical residential scenario is 4E-04 
(4 in 10,000) under the average exposure condition and 8E-03 (8 in 1,000) under the RME 
condition. These levels exceed the EPA target risk range of 1E-06 to 1E-04 (1 in 1 million 
to 1 in 10,000) for exposure to chemicals released from hazardous waste sites (EPA 1989a). 
Since onsite residential developmental will not occur at RFETS, these risk estimates do not 
reflect actual risk expected from current and probable future use in AOC No. 1. 
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(Table 6.8-2). Ingestion of CC14, CHCl, and PCE account for most of the total average and 
RME HIS (Attachment H3 in Appendix H). 

The estimated excess lifetime cancer risk is 1E-03 (1 in 1,000) under the average exposure 
conditions and 1.5E-02 (1.5 in 100) under RME conditions. These levels exceed the EPA 
target risk range of 1E-06 to 1E-04 (1 in 1 million to 1 in 10,000) for exposure to chemicals 
released from hazardous waste sites (EPA 1989a). Ingestion of groundwater, inhalation of 
indoor VOCs from domestic use of groundwater, and ingestion of surface soil are the 
pathways that contribute significantly to overall risk (Table 6.8-2). Chief contributors to risk 
from groundwater exposure are CCl,, CHCl,, TCE, PCE, and 1,l-DCE (Attachment H3 in 
Appendix H). 

Future Industrial/Office Worker (30-acres): The exposure pathways evaluated for the future 
onsite worker were surface soil ingestion and dermal contact, inhalation of PM,@ and 
inhalation of indoor VOCs. The cumulative HIS for this receptor in the 30-acre maximum 
exposure area are 1E-02 for the average exposure condition and 8E-02 for the RME 
condition. These values are below 1, indicating that no adverse noncancer health effects are 
expected for the future onsite industrial/office worker in this exposure area. 

7 

The estimated excess lifetime cancer risk is 5E-06 (5 in 1 million) for the average exposure 
condition and 2E-04 (2 in 10,000) under the RME condition. The RME cancer risk level 
skigM4y exceeds the EPA target risk range of 1E-06 to 1E-04 (1 in 1 million to 1 in 10,000) 
for exposure to chemicals released from hazardous waste sites (EPA 1989a). Exposure to 
Pu-239/240 in surface soil by the ingestion and inhalation pathways accounted for most of 
the estimated excess lifetime cancer risk for this receptor. 

Future Onsite Ecological Worker (50-acres): The cumulative HIS for this receptor in the 
50-acre maximum exposure area are 8E-03 for the average exposure condition and 4E-02 
for the RME condition. These values are well below 1, indicating that no adverse 
noncancer health effects are expected for the future onsite ecological worker. 

I 
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The estimated excess lifetime cancer risk is 2E-06 (2 in 1 million) for the average exposure 
condition and 6zE-06 (6tin 1 million) for the RME condition. These levels d ?- 

I t  & 
U L  IY 

exposure to chemicals released from hazardous waste sites (EPA 1989a),d 

6.8.5 AOC No. 2 

AOC No. 2 is the East of IHSSs area, located in the buffer zone between the IHSSs and 
Indiana Street. No IHSSs or other waste disposal areas are present in AOC No. 2. 
Hazard/risk results for current and future receptors located in AOC No. 2 are summarized 
in Table 6.8-3 and detailed in Attachment H3 in Appendix H. 

Noncarcinog;enic Hazard Index: For all current and future onsite receptors, including the 
hypothetical onsite resident, the cumulative HIS for noncarcinogenic health effects in AOC 
No. 2 are 2E-02 or less for the average and RME conditions. Because the HIS are well 
below 1, no adverse noncancer health effects are expected even for sensitive individuals 

I exposed under RME conditions. 

Carcinogenic Risk: For current and future nonresidential onsite receptors, the estimated 
excess lifetime cancer risks in AOC No. 2 are 1E-06 (1 in 1 million) or less (Table 6.8-3). 
These levels are at or below the EPA "point of departure" of 1E-06 (1 in 1 million) for 
evaluating risk from exposure to chemicals released from hazardous waste sites (EPA 
1989a), and indicate that cancer risks are negligible for each of these receptors. Cancer risk 
results for each receptor are listed below. 

The estimated excess lifetime cancer risk for the hypothetical future onsite receptor in AOC 
No. 2 is 8E-07 (8 in 10 million) under the average exposure conditions and 1E-05 (1 in 
100,000) under RME conditions (Table 6.8-3). These levels are within or below the EPA 
target risk range of 1E-06 to 1E-04 (1 in 1 million to 1 in 10,000) for exposure to chemicals 
released from hazardous waste sites (EPA 1989a). 
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6.8.6 Offsite Residents 

Current and future offsite residential receptors were evaluated for exposure to chemicals 
transported in air from AOC No. 1 and from AOC No. 2. Future offsite receptors were also 
evaluated for exposure to surface water/suspended sediment transported from OU-2 sources 
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Cumulative HIS were less than 1 and cancer risk estimates were below 2E-04 for all 
nonresidential receptors. 

HIS for the hypothetical onsite residential scenario ranged from 2E+01 (CT, AOC No. 1) 
to 1.6E+02 (RME, 10-acre area) and cancer risk estimates ranged from 4E-04 (CT, AOC 
No. 1) to 2E-02 (RME, 10-acre area), chiefly due to VOCs in groundwater. These results 
for the residential scenario indicate that hazard/risks from domestic use of groundwater in 
AOC No. 1 and the 10-acre maximum exposure area would be expected to exceed levels of 
concern. However, total Ms associated with other exposure pathways were less than 1, and 

AOC No. 1) for other exposure pathways. Residential use of groundwater will not occur 
in OU-2 because future land use at WETS will not include residential development (DOE 
1995b; EPA 1995a; CDPHE 1995). Drinking water for current onsite workers is provided 
by a municipal water supply, and it is expected that drinking water for future receptors will 
be provided from a public water supply. Because direct ingestion of groundwater is an 
incomplete pathway for all current and possible future onsite receptors in OU-2, chemicals 
in groundwater do not pose a risk to human health. 

cancer risk estimates ranged from (CT, 10-acre area) to @ME, 

- A hypothetical onsite residential receptor was evaluated in AOC No. 2 to provide an upper- 
bound estimate of risk to support risk management decisions. Hazard/risk estimates for this 
"worst case scenario" did not exceed generally accepted levels of risk: the RME HI was 
6E-03, well below 1, and the RME cancer risk was W $$mp .... ..... . . ,. ................ well within EPA's target 
risk range of 1E-06 to 1E-04. Hazard/risk estimates for other receptors evaluated in AOC 
No. 2 were well below levels of concern. 

.. . . ...... . ..... 7. 

Total HIS and lifetime cumulative excess cancer risk for offsite receptors were very low (HI 
of 6E-04 or less, cancer risk of 2E-07 or less), indicating that no adverse noncancer health 
effects are expected and cancer risk is negligible for these receptors. These results reflect 
insignificant impacts from airborne particulate matter from OU-2 sources and negligible risk 
associated with modeled concentrations of OU-2 COCs in surface water/sediment in Walnut 
and Woman Creeks. 
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Estimated annual radiation doses were 18 mrem or lower for all nonresidential receptors evaluated 
in AOC No. 1. These doses are below the DOE limit of 100 mrem/year for protection of public 
health and 5,000 mrem/year for radiological worker exposure. 

Estimated annual radiation doses for hypothetical residents ranged from 44 @$ ,.,. :.:.:.:. mrem/year (CT, 
AOC No. 1) to BB f@$mern/year .:.:.A,*; (RME, 10-acre). External irradiation from surface soil, ingestion 
of surface soil, inhalation of airborne particulates, and groundwater ingestion were the primary 
pathways contributing to the total RME annual radiation dose. These levels ai.e also below DOE 
limits for protection of the public. Because onsite residential development will not occur in OU-2, 
the estimates of annual radiation dose to hypothetical onsite residents do not reflect actual doses 
expected under current and probable future land use at RFETS. 

The next highest radiation dose results were associated with future industrial/office worker 
exposures in the 30-acre maximum exposure area. These were 8 j@?$nrem/year .:.:.:.:.:.:.~.> and 28 a. :.:.:.:.:.:.. 

mrem/year for the CT and RME scenarios, respectively. Inhalation of Pu contributed to most of 
the annual dose. These values are below the DOE limit of 100 mrem/year for members of the 
public. 

,.':..'.." 

- Radiation dose calculations for AOC No. 2 are summarized in Table 6.9-2. Total annual radiation 
doses were 2 mrem/year or less for all onsite receptors in AOC No. 2, indicating that exposure to 
radionuclides in AOC No. 2 is negligible. 

.. . ....... . ., . ..... . 
Total radiation doses for offsite receptors are very low (W @3@4 ....................... mrem/year or less; 
Table 6.9-3). These results reflect insignificant impacts from airborne particulate matter from 
OU-2 sources and from radionuclides transported from OU-2 sources in surface water/sedirnent 
in Walnut Creek and Woman Creek. 

6.10 UNCERTAINTIES AND LIMITATIONS 

Uncertainties and limitations are inherent in the risk assessment process. The level of certainty 
associated with the conclusions of the risk assessment are conditional, based on the quality of data 
and model used to identify COCs and estimate chemica 
estimating exposure conditions, the conservatism of th 
and the conservatism of methods used to characterize 
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do not have EPA-established toxicity factors and could not be evaluated quantitatively in 
the risk assessment. Most of the chemicals were detected at low frequency and at low 
concentrations and are not expected to contribute to risk compared to high frequency, high 
concentration COCs. Pb and Cu in groundwater and soil and 1, 1,l-TCA in subsurface soil 
and groundwater were detected at high frequency and do not have EPA established toxicity 
values. Each were evaluated qualitatively and are not expected to contribute to 
underestimation of risk. 

6.10.5 Evaluation of Risk Associated with Special-Case COCs 

- Special-case COG are (1) compounds that are infrequently detected (<5 percent) but that 
exceeded 1,000 times the RBC or (2) compounds that are probably not environmental 
contaminants but were retained for separate consideration because of toxicity. The special 
case COCs include: metals and vinyl chloride in groundwater and PAHs in surface soil. 

As a comparison to risk estimates for metals in unfiltered OU-2 groundwater samples and 
to help support the conclusion that metals in OU-2 groundwater are naturally occurring, 
hazard/risk levels were also estimated for background levels of ‘A, Sb, Be, and Mn. The 
results indicate that hazard/cancer risk estimates from hypothetical residential exposure to 
naturally occurring metals in groundwater exceed generally accepted risk levels. However, 
cancer risk estimates for these metals were similar to or less than cancer risk estimates for 
background levels, suggesting that the special-case metals in groundwater are naturally 
occurring, and are not due to environmental contamination. 

Vinyl chloride in groundwater was evaluated for the residential ingestion pathway, even 
though residential development is not a reasonable future use scenario. The cancer risk 
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level for hypothetical residential ingestion of groundwater from the most contaminated well 
exceeds the EPA target risk range of 1E-06 to 1E-04. Vinyl chloride was one of several 
chlorinated solvents detected in groundwater. The other compounds also resulted in excess 
cancer risk estimates in the range of 1E-03 to 1E-02, so the incremental risk from vinyl 
chloride would not significantly affect the total cancer risk estimated for exposure to 
groundwater. 

PAHs in surface soil were evaluated for onsite residential exposure. The carcinogenic risk 
due to PAHs s within the target risk range of 1E-06 and 1E-04 for the hypothetical 
resident. Esti under the industrial/office worker scenario would be approximately 

and would not contribute significantly to overall risk from exposure 
to surface soils for this receptor. 

6.11 SUMMARY AND CONCLUSIONS 

6.11.1 Summary 

The HHRA for RFETS OU-2 estimated health risks and annual radiation doses for current 
and future onsite and offsite receptors who could be exposed directly or indirectly to COCs 
at or released from sources in OU-2. COCs were identified as the chemicals, metals, or 
radionuclides in soil or groundwater that were likely to contribute at least 1 percent of 
overall risk. The chief COG were Am-241 and Pu-239/240 in surface soil, subsurface soil, 
and groundwater and chlorinated solvents in groundwater. 

- 

Exposure scenarios evaluated were a current worker (security patrol), a future industrial/ 
office worker, a future ecological researcher, a construction worker, future open space use, 
and offsite residential exposures. In addition, a hypothetical onsite residential scenario was 
evaluated, even though future residential development will not occur, in order to provide 
an upperbound estimate of risk to support risk management decisions for low-hazard areas 
in OU-2. 

Exposure media evaluated were surface soil, subsurface soil (construction worker only), 
outdoor and indoor air, surface wder/sediment, and groundwater (residential only). 
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Risks were estimated for two AOCs in OU-2: AOC No. 1 contains all of the MSSs within 
the OU and includes the extent of contiguous groundwater contaminant plumes in OU-2. 
AOC No. 2 is east of the IHSSs and extends to Indiana Street. In addition, risks were 
evaluated in three maximum exposure areas: a 10-acre area at the 903 Pad area 
(hypothetical resident), a 30-acre area including the 903 Pad area (industrial/office worker 
scenario), and a SO-acre ecological study area including the 903 Pad area. 

Annual radiation doses in terms of mrem/year were also estimated for comparison to 
national radiation standards. 

The risk characterization process combines average and reasonable maximum estimates of 
exposure with upperbound estimates of toxicity to yield conservative (protective) estimates 
of health risk. Estimates of health risk for average (CT) and RME conditions are provided 
so that risk management decisions can be based on a range of potential risk for different 
exposure scenarios. 

Results of the risk assessment can be described as follows: 

AOC No. 1: HIS and cancer risk estimates were below levels of concern for all current and 
possible future land use scenarios in AOC No. 1. Hazard/risk estimates for the hypothetical 
resident exceeded levels of concern. These results are described below: 

- 

0 The future industrial/office worker is the maximum exposed individual under 
current and possible future land use scenarios in AOC No. 1. Pathways 
evaluated were exposure to surface soil, airborne PM,, and indoor VOCs 
from soil gas. Cumulative HIS were below 1, indicating no threat of adverse 
noncarcinogenic effects. RME @E-OS) and CT @E-€%) @&3@$cancer :.. ..~...~. :.: .~. :...~..:.~,:.~ _...... ..: risk 
estimates for this receptor in AOC No. 1 are within EPA's target cancer risk 
range of 1E-06 to 1E-04. Ingestion of Pu-239/240 in surface soil was the 
greatest contributor to overall risk (Attachment H3). 
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e Cumulative HIS were below 1 for current workers and for future ecological 
workers, open space users, and construction workers in AOC No. 1, indicating 
that no adverse noncarcinogenic health hazards are expected for these 
nonresidential exposure scenarios. RME cancer risk estimates for these 
receptors ranged from ?J&W B E w t o  +:+.:.:.:.s:.*:<*: 1E-05. These values are within or 
below EPA's target cancer risk range of 1E-06 to 1E-04. The contaminants 
that contributed most to estimated health risk for nonresidential onsite 
receptors are Pu-239/240 and Am-241 in surface soil. 

e Chlorinated solvents in groundwater in AOC No. 1 would pose unacceptable 
risk if directly ingested (hypothetical onsite residential scenario). However, 
drinking water for current onsite workers is provided by a municipal water 
supply, and it is expected that drinking water for future onsite receptors will 
also be provided from a public water supply. Therefore, ingestion of UHSU 
groundwater is an incomplete pathway for all current and possible future 
receptors in OU-2. Additionally, migration of groundwater via surface water 
to offsite locations is not significant, even using conservative modeling 
assumptions. 

Maximum Exposure Areas: HIS were below levels of concern and cancer risk estimates 
were at or below levels of concern for future industrial/office workers and ecological 
researchers in 30- and 50-acre maximum exposure areas, respectively. Hazard/risk estimates 
for hypothetical onsite residents in a 10-acre maximum exposure area exceeded levels of 
concern. These results are described below. 

Chlorinated solvents in groundwater in the 10-acre maximum exposure area 
in AOC No. 1 would pose an unacceptable risk if directly ingested 
(hypothetical onsite residential scenari.0). However, groundwater ingestion is 
an incomplete pathway for all current and possible future receptors in OU2. 
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0 Cumulative HIS were below 1 for the future industrial/office worker in the 30- 
acre maximum exposure area, indicating no threat of adverse noncarcinogenic 
effects. W @ T  0 cancer risk estimate for this 
receptor aw-a+es &thin EPA's target cancer risk range of 1E-06 to 1E-04 

Ingestion of Pu-239/240 
in surface soil was the greatest contributor to overall risk (Attachment H3). 

0 Cumulative HIS and cancer risk estimates for the future ecological worker in 
the 50-acre maximum exposure area were below levels of concern. 

AOC No. 2: Cumulative HIS 
concern for onsite receptors in AOC No. 2 (including the hypothetical onsite resident). 

d cancer risk estimates were below levels of 

Offsite ReceDtors: 
negligible. 

HIS and cancer risk estimates for offsite residential receptors were 

6.11.2 Conclusions 

The maximum RME cancer risk estimate was 2E-04 for a future industrial/office worker in 
the 30-acre maximum exposure area. Cancer risk estimates for all other nonresidential 
receptors and exposure areas were within or below EPA's target cancer risk range of 1E-06 

to 1E-04. The highest cancer risk estimate of 2E-04 m€y-AgI&y exceeds EPA's target risk 
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range. HIS were below 1 for all onsite nonresidential receptors. Hazard/risk estimates for 
offsite residents were negligible. 

Estimated annual radiation doses for nonresidential onsite receptors were less than 
20 mrem/year, well below the DOE standard of 100 mrem/year for protection of the public. 
The estimated annual radiation dose for the hypothetical onsite residents, even in the 10- 
acre maximum exposure area, were below 70 mrem/year. 

Concentrations of chlorinated solvents in UHSU groundwater in AOC No.1 would pose an 
unacceptable risk if directly ingested. However, direct ingestion of groundwater is an 
incomplete exposure route for all current and possible future receptors in OU-2 largely 
because of availability of public water. Therefore, chemicals in groundwater do not pose 
a risk to human health under current and possible future land use scenarios. - 
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TABLE 6.3-3 
CONCENTRATION/TO?LICITY SCREEN 

SURF’ACE SOIL 
NONCARCINOGENS 

Maximum % 
Detected Inhalation Oral Risk Risk of Total 

Chemical Conc. ( m a g )  RfD RtD Factor Index Risk Factor 
Chrodum (1) 29.5 d a  1.OE+00 3.0Ei-01 5.4E-01 53.6 
Bis(2ethylhexyl)phthalate 0.51 d a  2.0E-02 2.6Ei-01 4.6E-01 46.4 
Total Risk Factor 5.5Ei-01 

RfDs are in units of mgkg-day. 
d a  - not available. 
(1) Evaluated as Cr 111 based on results of speciation study. 
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TABLE 6.5-5 
SUMMARY OF AIR CONCENTRATIONS OF CHEMICALS OF CONCERN 

CONSTRUCTION SCENARIO 

Chemical of Concern AOC,No. 1 AOC No. 2 
Armlor-1254 (mg/m3) 4.15E-09 -- 
Armlor-1260 (mg/m3) 3.25E-09 - 
Bis(2ethylhexyl)phtate (mg/m3) 3.39E-09 1.62E-09 

cadmium (mg/m3) 1.35E-11 5.54E-09 
Chromium (mg/m3) 1.89E-07 1.93E-07 

~mericium-24 1 (pci/m3) 4.12E-04 2.13E-05 
plutonium-23 9 ~ 4 0  @cum3) 1.13E-02 1.53E-04 
Uranium-233, -234 @Ci/m3) 9.29E-09 1.36E-08 

Uranium-238 @Cum’) 9.82E-09 1.25E-08 

Arsenic (mg/m3) 7.12E-11 1.34E-10 

Mercury (mg/m3) 1.30E-11 -- 

Uranium-235 @Ci/m’) 7.92E- 10 7.92E- 10 

NOTE: 
Air concentrations are based on the maximums ofjive annual simulations from 1989 through 
1993, detailed in Appendix G of this RFI report 

-- Not detected in this area. 
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TABLE 6.5-3 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF CONCERN 

IN GROUNDWATER 
AOC No. 1 Maximum 

Exposure Areas 
AOC No.1 AOC No. 2 1O-ACre 3O-Acre 

1,l-Dichloroethene (&L) 
Number of Wells Sampled 
Number of Wells where Detected 
W m u m  Well Average 
Maximum Well Averag8’ 
95%UCL@’ 
RME Concentration 

Carbon Tetrachloride (pg/L) 
Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95YoUCL 
RME Concentration 

Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

Number of Wells Sampled 
Number of Wells where Detected 
Midmum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

Tetrachloroethene ( p a )  
Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

Chloroform (p&) 

Methylene Chloride (p&) 

Trichloroethene ( p a )  
Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

99 
41 
0.1 
35 1 
4 h  
4 

100 
75 
0.1 

16,000 
3,478 In 
3,478 

100 
78 
0.1 

30,667 
104 In 
104 

100 
47 

0.20 
20,433 

13.6 In 
13.6 

100 
81 
0.1 

11,033 
1,148 In 
1,148 

100 
79 

0.07 
97,000 
1,103 In 
1,103 

- - 
- - - 
- 
- - - 
- 

11 
2 

0.2 
0.4 

0.4 

11 
4 

0.3 
3.3 

3.3 

11 
4 

0.1 
0.62 

0.62 

11 
3 

0.2 
0.7 

0.7 
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sr 
sr 

sr 
sr 

sr 
sr 

sr 
sr 

16 
12 
0.1 
351 
68 n,d 

17 
17 
0.1 

16,000 
3,569 n,d 

17 
16 
0.1 

30,667 
5,178 n,d 

17 
6 

0.70 
20,433 
3,346 n,d 

17 
17 
0.3 

11,033 
2,022 n,d 

17 
15 
0.1 

97,000 
16,025 q d  

32 
19 
0.1 
351 

33 
26 

0.08 
16,000 

33 
25 
0.1 

30,667 

33 
16 

0.40 
20,433 

33 
30 
0.1 

11,033 

33 
27 

0.07 
97,000 
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TABLE 6.5-3 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF CONCERN 

IN GROUNDWATER 

AOC No. 1 Maximum 
Exposure Areas 

AOC No.1 AOC No. 2 10-ACm ~O-ACIV 
. Americium-241 @Ci/L) 

Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 

Plutonium-239/240 @Ci/L) 

69 
69 

4.01 
31.5 
0.19 
0.19 

70 
70 

0.00 
225 
2.4 

5 
5 

0.00 
0.22 

In 42.2 
0.22 

5 
5 

0.00 
1.13 

In 1.6Ei-05 

14 
14 

0.01 
31.5 

In 6.7 4 d  

15 
15 

0.01 
225 

In 43.7 4 d  

NE 
NE 
NE 
NE 
NE 
NE 

NE? 
NE 
NE 
NE 
NE 

RME Concentration 2.4 1.13 NE 
- Not detected in this area. - Based on lognormal distribution. 

- Based on normal distribution. 
- See discussion in Attachment H1. 
- Sample result (not a well average). 
- Inorganic chemicals in groundwater were not evaluated in the 30-acre exposure area. 
Sampling resulfs from each well were averaged (arithmetic mean), and those values were used 
to determine minimum, maximum, and 95% UCL values 
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H1O.O 
UNCERTAINTIES AND LIMITATIONS 

This section discusses the chief uncertainties and limitations of the risk assessment and how 
they affect the results and conclusions. It also provides an assessment of risk from exposure 
to specialcase COCs and discusses their potential contribution to overall site risk. 

Uncertainties and limitations are inherent in the risk assessment process. The level of 
certainty associated with the conclusions of the risk assessment are conditional upon the 
quality of data and models used to identify COCs and estimate chemical concentrations, the 
assumptions made in estimating exposure conditions, the methods used to develop toxicity 

. .. . 

At all stages of this risk assessment, however, reasonable conservative assumptions were 
made so as not to underestimate potential risk. Furthermore, estimates of toxicity and 
carcinogenicity ( R f D s  and SFs) are very conservative and may result in an overestimate of 
risk. Therefore, the conclusions regarding identification of chief contaminants of concern, 
levels of potential health risk associated with direct and indirect exposures, and offsite 
migration potential are considered reliable. 

The chief sources of uncertainty are discussed in Section HlO. 1. An evaluation of risk from 
special-case COCs is presented in Section H10.2. 

(4~0-1040-0098-862)0(7.H10)(~/29/95 2:09pm) H10-1 



TABLE 10-A 
OPEN-SPACE EXPOSURE PARAMETERS 

INCIDENTAL INGESTION 

DUST, SURFACE SOIL, OR SEDDlENT 

Ingestion Rate - Child (mg/visit) 

Ingestion Rate - Adult (mghrisit) 

Matrix Effect in GI Tract (Absorption Factor) 

Exposure Frequency (visits&) 

Exposure Duration - Child Q 

Exposure Duration - Adult Q 

Body Weight - Child (kg) - 
Body Weight - Adult (kg) 

Averaging Time - Child, Non-caxcinogen (days) 

Averaging Time - Adult, Noncarcinogen (days) 

Averaging Time - Carcinogen (days) 

15 15 

70 70 

730 2,190 

2,555 8,760 

25,550 25,550 

(1) Assumes standard default residential rates as specified for open-space recreational users at DOE'S Fernald Site 
and W o r d  Site (Rh4E=200 mg/day for children and 100 mg/day for adults) and at Denver's Lowry Landfill 
Superfimd Site (CT=lOO mg/day for children and 50 mg/day for adults). Assumes that Exposure Time is 1.5 hours 
per day (CT); 5.0 hours per day (RME) (see Note 2, Table 10-B) and that total soil ingestion occurs over 10 daylight 
hours (1.5/10 = 0.15; 5.0/10 = 0.5). Using the default daily ingestion rates, soil ingestion per visit for children is 
calculated as Rh4E4.5 x 200=100 mghrisit; CT=0/15 0.25 x 10041 25 mg/visit. For adults the ingestion rates are 
RME=5.0 and CT=8. Actual open-space recreational intakes would vary, depending on the advity, possibly with di 
biking at one extreme and photographing wildlife at the other. 

(2) Exposure Frequency based upon Boulder County's Park and Open Space Visitor Interviews of 1985 (est. 7 dayd 
yr, CT; 25 daydyr, RME), DOE's Hanford Site recreational user (7 daystyr, CT), and Department of Interior's POI )  
National Survey of Fishing, Hunting, and Nonconsumptive Wildlife Recreation of 1985 for Colorado (9.4 
days& for nonconsumptive use, CT; 15.4 day* for fishing and hunting, CT). 
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TABLE H3-4 
CONCENTRATIONA'OXICITY SCREEN 

SURFACE SOIL 
NONCARCINOGENS 

Maximum % 
Detected Inhalation Oral Risk Risk of Total 

Chemical Conc. (mglkg) RtD RtD Factor Index RiskFactor 
chromium (1) 29.5 d a  1 .OEM0 3.0EM1 5.4E-01 53.6 
Bis(2ethylhexyl)phthalat 0.51 d a  2.0E-02 2.6EM1 4.6E-01 46.4 
Total Risk Factor 5.5EM1 

RfDs are in units of mgkgday. 
n/a - not available. 
(1) Evaluated as Cr III based on results of speciation study. 
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1 -  

e The future industrial/office worker is the maximum exposed individual under 
current and possible future land use scenarios in AOC No. 1. Pathways 
evaluated were exposure to surface soil, airborne PM,,, and indoor VOCs from 
soil gas. Cumulative HIS were below 1, indicating no threat of adverse 
noncarcinogenic effects. RME (8E-05) and CT (e-06) cancer risk estimates 
for this receptor in AOC No. 1 are within EPA's target cancer risk range of 
1E-06 to 1E-04. Ingestion of Pu-2391240 in surface soil was the greatest 
contributor to overall risk (Attachment H3). 

e Cumulative HIS were below 1 for current workers and for future ecological 
workers, open space users, and construction workers in AOC No. 1 indicating 
that no adverse noncarcinogenic health hazards are expected for these 
nonresidential exposure scenarios. RME cancer risk estimates for these 
receptors ranged. from a - 0 7  to 1E-05. These values are within or below 
EPA's target cancer risk rarige of 1E-06 to 1E-04. The contaminants that 
contributed most to estimated health risk for nonresidential onsite receptors are 
Pu-239/240 and Am-241 in surface soil. 

e Chlorinated solvents in groundwater in AOC No. 1 would pose unacceptable ' \ 
risk if directly ingested (hypothetical onsite residential scenario). However, 
drinking water for current onsite workers is provided by a municipal water 
supply, and it is expected that drinking water for future onsite receptors will 
also be provided from a public water supply. Therefore, ingestion of UHSU 
groundwater is an incomplete pathway for all current and possible future 
receptors in OU-2. Additionally, migration of groundwater via surface water 
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7.0 
CONCLUSIONS AND RECOMMENDATIONS 

7.1 SUMMARY 

A Phase II RFURI of OU-2 was conducted to assess the site physical characteristics; 
characterize contaminant sources and the nature and extent of potential contamination in 
surface soil, subsurface soil, groundwater, surface water, sediment, and air; assess fate and 
transport of environmental contaminants; and estimate potential risks to human health. 

Field investigations indicate that the site physical characteristics are complex and interactive. 
Site meteorologic, geologic, hydrologic, and hydrogeologic processes combine interactively 
to provide mechanisms and pathways for surface and subsurface contaminants to migrate 
through the environment. However, site physical characteristics also limit contaminant 
migration. For example, because almost all UHSU groundwater pathways discharge to 
surface seeps within OU-2, there is limited potential for migration of VOCs to offsite 
locations. 

The nature and extent of environmental contamination in OU-2 has been thoroughly 
characterized through the collection, analysis, and assessment of thousands of samples of 
various environmental media. Environmental samples were analyzed for a comprehensive 
suite of chemicals potentially associated with waste handling and disposal practices conducted 
during the operating history of the Rocky Flats Plant. Sample analytical results have 
undergone rigorous data validation and the OU-2 data assessment process was designed to 
be conservative to ensure an accurate and comprehensive understanding of potential 
contamination conditions in OU-2. 

The results of the OU-2 data assessment process indicate the presence of PCOCs in surface 
soil, subsurface soil, UHSU and LHSU groundwater, seep surface water, and seep sediment. 
PCOCs identified in one or more of these environmental media include VOCs, SVOCs, 
PCBs/pesticides (infrequently detected), metals and other inorganic constituents, and 
radionuclides. The list of PCOCs for each medium was then screened using risk-based and 
other screening methods to identify COCs for the HHRA. COCs were identified as the 
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chemicals in soil or groundwater that were likely to contribute at least 1 percent of overall 
risk. COCs were selected on an OU-wide basis. The chief COCs are Pu-239/240 and 
Am-241 in surface soil, subsurface soil, and groundwater, and chlorinated solvents in 
groundwater. 

The presence of COCs in surface soil, subsurface soil, and UHSU groundwater is the result 
of releases from several IHSSs where waste materials were disposed of or stored. COCs in 
each particular medium have the potential to migrate from locally effected areas to larger 
areas within the effected medium or to other media via various migration mechanisms and 
pathways. Potential migration pathways include the air, surface water, vadose zone, and 
groundwater pathways. 

Potential migration mechanisms associated with surface soil COCs are limited. Wind 
dispersion and surface water erosion and dispersion, although significant in the past, are less 
important today because of vegetative stabilization of the soil surface. Currently, such 
mechanisms can locally redistribute the contaminants in onsite surface soil and surface water 
features within OU-2, but the potential for offsite migration is small. Downward migration 
of surface soil contaminants to subsurface soil and groundwater is also limited because of 
the relative immobility of these contaminant types in the subsurface environment. 

Potential subsurface migration pathways consist of downward migration of subsurface soil 
contaminants to UHSU groundwater, and then subsequent migrations in the UHSU 
groundwater. UHSU groundwater migration pathways occur either within the Rocky Flats 
Alluvium or the Arapahoe Formation No. 1 Sandstone, with migration from contaminant 
source areas toward discharge points at seeps along the hillsides of the Woman Creek and 
South Walnut Creek drainages. Chemical data and the results of groundwater and surface 
water modeling indicate that VOCs (one of two types of LHSU groundwater COCS) are 
likely discharged with UHSU groundwater at seeps on the hillsides but that those VOCs are 
either volatilized when they reach the seeps, during transport between the seeps and the 
creeks, or while in the creeks. Therefore, VOCs do not reach offsite locations at 
concentrations that could pose a threat to human receptors. Radionuclides (the other 
groundwater COC type) have extremely low mobility in the subsurface, thus their ability to 
migrate with groundwater to seeps on the hillsides is also limited. 

(4040-103 1-0079-530)(R4.7A)(09/29/95 3: 19pm) 7-2 



The potential for contaminant occurrence and migration in the LHSU is limited, and evidence 
suggests that the LHSU is an incomplete exposure pathway for both onsite and offsite 
receptors. The LHSU is considered an incomplete migration and exposure pathway because 
(1) it is not a feasible source for a domestic or commercial water supply for current or future 
receptors in OU-2; (2) it has very limited hydraulic communication with the UHSU, the only 
potential contamination source for the LHSU in OU-2; and (3) the potential for contaminants 
to migrate within the LHSU to offsite locations is negligible. 

The HHRA for OU-2 estimated health risks and annual radiation doses for current and future 
onsite and offsite receptors who could potentially be exposed directly or indirectly to COCs 
at or released from sources in OU-2. Exposure scenarios that were evaluated involved a 
current worker (security patrol), a future industriaUoffice worker, a future ecological 
researcher, a future open space user, a construction worker, and an offsite resident. In 
addition, even though future residential development will not occur in OU-2, a hypothetical 
onsite residential scenario was evaluated to provide an upperbound estimate of risk to support 
risk management decisions for low-hazard areas in OU-2. 

Exposure media evaluated were surface soil, subsurface soil (construction worker only), 
outdoor and indoor air, seep surface water and sediment, and UHSU groundwater (residential 
only). Risks were estimated for two AOCs: AOC No. 1 contains all of the IHSSs within 
OU-2 and includes the extent of contiguous groundwater contaminant plumes in OU-2. AOC 
No. 2 is east of the IHSSs and extends to Indiana Street. In addition, risks were evaluated 
in three maximum exposure areas: a 10-acre area at the 903 Pad Area (hypothetical 
resident), a 30-acre area including the 903 Pad Area (industridoffice worker scenario), and 
a 50-acre ecological study area including the 903 Pad Area. 

The risk characterization process combines average and reasonable maximum estimates of 
exposure with upperbound estimates of toxicity to yield conservative (protective) estimates 
of health risk. Estimates of health risk for average (CT) and reasonable maximum exposure 
@WE) conditions are provided so that risk management decisions can be based on a range 
of potential risk for different exposure scenarios. 



The following are the major conclusions of the HHRA: 

0 

0 

\ $ 
0 

The maximum RME cancer risk estimate was 2E-04 for a future 
industrial/office worker in the 30-acre maximum exposure site. Cancer risks 
for all other nonresidential receptors and exposure areas were within or below 
EPA's target cancer risk range of 1E-06 to 1E-04. The RME cancer risk of 
2E-04 (equivalent to 2 in 10,000) only slightly exceeds EPA's target risk 
range. This RME value is based on numerous conservative assumptions; 
therefore, there is a high likelihood that actual lifetime cancer risk for this 
receptor is less than 2 in 10,000. Nevertheless, this estimate of lifetime cancer 
risk is very small compared to overall risk of developing cancer. The lifetime 
probability in the U.S. of developing invasive cancer is approximately 1 in 2 
in men and approximately 1 in 3 in women. The lifetime probability of death 
from cancer is 1 in 4 for both sexes (Wingo et al. 1995). HIS for non-cancer 
effects were below 1 for all onsite nonresidential receptors. Hazardrisk 
estimates for offsite residents were negligible. 

public health (EPA 1991d). 
&he results of the HHRA suggest that urface and subsurface 
soil in OU-2 2 

ublic health. 

. .  . 
. .  \ 

Y 
I 

Concentrations of chlorinated solvents in UHSU groundwater in AOC No. 1 
would pose an unacceptable health risk if the UHSU was used as a drinking 
water supply.% . .  

. .  . .  . .  h h  

3- 

(4040-1031 -0079-53O)(R4.7A)(10/02/95 4:49pm) 7-4 



7.2 RECOMMENDATIONS 

The results of the HHRA support the conclusions that environmental contamination within 
OU-2 does not pose a threat to public health under the evaluated exposure scenarios. & 

However, evaluation of the nature and extent of contamination in OU-2 indicates that certain 
MSSs contain materials that are likely to act as continuing sources of contamination to soil 
and groundwater for the foreseeable future. For example, NAPL was observed and sampled 
during the SVE Pilot Test project conducted in Trench T-3 in the Northeast Trenches Source 
Area (Section 4.3.5). Analysis of the NAPL samples indicated the presence of VOCs and 
SVOCs at very high concentrations (up to several million ppb for VOCs and several hundred 
thousand ppb for SVOCs), petroleum compounds (several hundred thousand ppm for gasoline 
and diesel), and radionuclides at high activities (up to 3,240 pCi/g for U-238). 

areas at the level of detail n 
providing continuing sou 

to calculate reliable estimates of the volumes of material 
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With respect to surface soil contamination, the results of the HHRA indicate that RME 
cancer risks (2E-04) to a future onsite industrial/office worker in OU-2 (the maximum 
exposed individual under current and possible future land use scenarios at WETS) are near 
but slightly exceed EPA’s target cancer risk range (1E-04 to 1E-06). Although the M E  
provides a conservative overestimation of the actual risk to a future onsite industrial/office 
worker in the 30-acre maximum exposure site, it may be appropriate to consider a further 
reduction in the RME cancer risk so that it is within EPA’s target cancer risk range. kt 
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to offsite locations is not significant, even using conservative modeling 
assumptions. 

Maximum Emosure Areas: HIS were below levels of concern and cancer risk’ estimates were 
at or below levels of concern for future industridoffice workers and ecological researchers 
in 30- and 50-acre maximum exposure areas. Hazardrisk estimates for hypothetical onsite 
residents in a 10-acre maximum exposure area exceeded levels of concern. These results are 
described below. 

0 Chlorinated solvents in groundwater in the 10-acre maximum exposure area 
in AOC No.1 would pose an unacceptable risk if directly ingested 
(hypothetical onsite residential scenario). However, groundwater ingestion is 
an incomplete pathway for all current and possible future receptors in OU-2. 
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e Cumulative HIS d cancer risk estimates 

r the future ecological worker in the 50- 
acre maximum exposure area.& 

AOC No. 2: Cumulative HIS d cancer risk estimates were below lev&-& 
4 for onsite receptors in AOC No. 2 (including the hypothetical onsite resident). 

Offsite Receptors: 
negligible. 

HIS and cancer risk estimates for offsite residential receptors were 
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@@#for all current and possible future receptors 
in OU-2, conservative estimates of cancer risk were 2E-04 or below and HIS were 8E-02 or 
below. 5 . .  . .  

Concentrations of chlorinated solvents in UHSU groundwater in AOC No. 1 would pose an 
unacceptable health risk if used as a drinking water supply on site. However, UHSU 
groundwater is not used as a water supply and is not expected to provide drinking water in 
the future because of the availability of a public water supply at RFETS. All UHSU 
groundwater discharges on site in surface seeps. Migration of groundwater contaminants via 
surface water to offsite locations is not significant, even using conservative modeling 
assumptions. 
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H3 
CHEMICALS OF CONCERN 

COCs are organic chemicals, metals, and radionuclides in soil or groundwater in OU-2 with 
concentration distributions that differed significantly from background distributions and that 
are likely to contribute significantly to overall risk. COG, which are a subset of all 
chemicals detected in the field investigations, are selected for quantitative evaluation in the 
risk assessment and are the focus of transport modeling, risk assessment, and remedy 
selection. This section describes the process for determining COCs in surface soil, subsurface 
soil, and groundwater. The process was developed and agreed upon by EPA, CDPHE, and 
DOE More detail is provided in the TM 9 (DOE 1994b). 

H3.1 PROCESS FOR SELECTING OU-WIDE COCS 

COCs in each medium were determined on an OU-wide basis; that is, all sample results from 
each medium were pooled for the evaluation. Risk-based and other screening methods were 
used to identify COCs; i.e., the chemicals that are likely to pose the greatest potential risk to 
human health. The COC selection process is illustrated in Figure H3-1 and summarized in 
the sections below. 

H3.1.1 Background Comparison 

Analytical results for metals and radionuclides detected in soil and groundwater in OU-2 were 
compared to background results using four statistical tests: the Quantile test, Slippage test, 
Student's t-test, and the Gehan test (Gilbert 1993). In addition, analytical results were 
compared to the 99th percentile upper tolerance limit (UTL,,) of the background data. Any 
analyte that failed one or more of the statistical tests or that had one or more results 
exceeding the UTL,,,, was retained as a potential COC. A detailed description of the 
statistical methodology used in the background comparison and tables showing results of the 
statistical tests are presented in Appendix A of TM 9 (DOE 1994b); summary tables also 
accompany Section 4.1 of the RFI/RI Report. 
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e Surface soil: benzoic acid and PAHs 
e Subsurface soil: Ba and Mn 
e Groundwater: aluminum, antimony, beryllium, manganese, and vanadium 

The evaluations and conclusions are described in detail in the TM 9 (DOE 1994b). However, 
to address concerns that some analytes, whether contaminants or not, could pose a health risk 
under long-term exposure to maximum detected concentrations, the following constituents 
were retained for consideration in a separate risk evaluation in e 
uncertahy section of the HHRA (CDPHE 1994; EPA 1994b; DOE 1994d): 

e Surface soil: PAHs 
e Groundwater: As, Sb, Be, and Mn 

Arsenic (As) was included in the separate evaluation even though it had been excluded as a 
COC based on the results of the concentratiodtoxicity screens for UHSU groundwater. 

- H3.1.6 Evaluation of Infrequently Detected Compounds 
I 

For organic compounds and metals detected at less than 5 percent frequency, maximum 
concentrations were compared to screening levels equivalent to 1,000 times the risk-based 
concentrations (RBCs) to determine whether there was potential risk to human health on the 
basis of high concentration and toxicity even though the chemicals were rarely detected and 
exposure potential was low. RBCs were defined as chemical concentrations associated with 
an excess lifetime cancer risk of 1E-06 (1 in 1 million) or a hazard index of 1 for 
noncarcinogenic effects. RBCs for chemicals in surface soil were calculated assuming 
residential exposure via ingestion of soil, inhalation of airborne particulates, and external 
irradiation. RBCs for chemicals in subsurface soil were calculated assuming construction 
worker exposure via soil ingestion and inhalation of particulates and VOCs. RBCs for 
chemicals in groundwater were calculated assuming residential exposure via ingestion of 
water and inhalation of VOCs during water use. 

Infrequently detected chemicals whose maximum concentrations exceeded 1,000 times the 
RBC were retained as special-case COCs for separate evaluation in the risk assessment. The 
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risk-based evaluation of infrequently detected chemicals is described in detail in Appendix B 
of the TM 9 (DOE 1994b). 

Only vinyl chloride in groundwater was identified as exceeding 1,000 times the RBC. 

H3.1.7 Chemicals Without EPA Toxicity Values 

Detected chemicals that do not have EPA-established toxicity values are listed in Table H3-1. 
These compounds cannot be evaluated in a toxicity or risk-based screen to select COCs. 

1 contribution to overall risk was evaluated qualitative 
uncertainties section of 

H3.2 SURFACE SOIL COCs 

The sample set used to characterize extent of contamination and select COCs in surface soil 
is summarized in Section H2.0. COCs were identified using the process outlined in Section 
H3.1. 

H3.2.1 ConcentrationlToxicity Screens 

Detection frequencies and metals with concentration distributions statistically significantly 
different from background distributions are shown in Tables H3-2 and H3-3. 
Concentration/toxicity screens for analytes above background levels and detected at a 
frequency of 5 percent or greater are shown in Tables H3-4 through H3-6. In the screens, 
analytes that contributed 1 percent or more of the total risk factor were identified as COCs. 

OU-Wide Chemicals of Concern 
Surface Soil 

Aroclor-1254 
Aroclor-1260 
Bis(2-ethylhexy1)phthalate 
Cr 
Am-24 1 
P~-239/240 
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PAHs were not included in the concentratiodtoxicity screens because their presence in 
surface soil may be related to anthropogenic sources not attributable to chemical waste 
releases or waste disposal practices at Rocky Flats. Instead, they are addressed as special- 
case COCs in the uncertainty section of the risk assessment (Section H3.2.2). 

The following paragraphs discuss several factors pertinent to the selection of COCs in surface 
soil. 

Pb and Cr were the only two metals with concentration distributions in OU2 that were 
significantly different than background (other than calcium and Fey which were removed from 
further evaluation in Section H3.1.2). The maximum detected concentration of lead in surface 
soil (145 mgkg) was less than EPA's screening level for residential soil (400 mgkg; EPA 
1994d). Because Pb does not have EPA-approved toxicity factors, it cannot be evaluated 
quantitatively in toxicity-based screens. However, it was retained for qualitative evaluation 
in Section H8.0, Risk Characterization. 

The formal statistical tests indicated that the Cr distribution in OU-2 was not significantly 
different than background (Appendix A of TM 9, DOE 1994b). However, two sample 
results for chromium (26 mgkg and 29.5 mgkg) slightly exceeded the background UTL,,, 
of 24.8 mgkg. 

Because two results exceeded the 
background UTLWm, chromium was retained as an OU-wide potential COC and was 
identified as a COC based on the results of the concentratiodtoxicity screen (Table H3-4). 
However, Cr does not appear to be an OU-wide contaminant because only two results slightly 
exceeded background levels. 

Bis(2-ethylhexy1)phthalate (BEHP), a common laboratory and field contaminant, was detected 
in 23 percent of surface soil samples widely distributed across OU-2. The frequency of 
detection and concentrations observed in OU-2 samples (495 to 510J p g k g )  and in 
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background samples (35J to 140 pgkg) were similar, suggesting that BEHP in OU-2 samples 
is not an environmental contaminant. (See discussion in Section 4.2 of this RFI/RI Report 
and in DOE 1994b.) However, it was retained as a potential COC because the maximum 
concentration (0.51 mgkg) occurred in a sample from a contaminated area (the 903 Pad). 
This was the only concentration that exceeded the background range. BEHP was identified 
as an OU-wide COC based on the results of concentratiodtoxkity screen (Table H3-4). 
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Future Open Space Use: An open space exposure scenario was developed to estimate risks 
from recreational use of open space areas at WETS. Future open space use by children and 
adults is assumed to include recreational activities such as hiking and wading in creeks and 
to involve contact with surface soil, surface water, and sediments. An open space use 
scenario was evaluated in AOC No. 1 and AOC No. 2. 

Future Onsite Construction Worker: The future onsite construction worker is assumed to 
contact subsurface soil during excavation activities associated with construction of commercial 
buildings in AOC No. 1 and AOC No. 2. 

Hypothetical Onsite Residents: EPA, CDPHE, and DOE have agreed that evaluation of a 
future onsite residential scenario is not required in the HHRA because future land use at 
WETS will not include residential development (DOE 1995b, EPA 1995a; CDPHE 1995). 
Nevertheless, an onsite residential exposure was evaluated in the HHRA as a hypothetical 
scenario to provide an upperbound estimate of risk that may support risk management 
decisions for low-hazard areas within OU-2. Because residential development is not a 
reasonable future land use in OU-2, & 

Hypothetical residential exposures were 
evaluated in AOC No. 1, AOC No. 2, and in the 10-acre maximum exposure area in AOC 

No. 1. 

Future Offsite Residents: Two hypothetical future residences located at Indiana Street were 
assessed: at Woman Creek at the southern boundary of OU-2 and at Walnut Creek at the 
northern boundary of OU-2. These receptor locations are at the WETS property boundary, 
adjacent to surface water being discharged from the site and are located in the direction of 
the prevailing winds. Future offsite receptor locations are shown in Figure H4-1. 

The nonresidential onsite receptors described above were selected to represent the potentially 
exposed populations based on current and probable future use. The onsite resident is an 
unlikely scenario and was evaluated only to provide an upperbound estimate of risk from 
exposure to COCs in soil and groundwater to help support risk management decisions for 
low-hazard areas in OU-2. Onsite industrial/office workers, open space use, and the onsite 



ecological researcher provide more realistic, yet still conservative, estimates of potential risk 
under various future-use scenarios. 
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H4.4.1 Site-wide Incomplete or Negligible Exposure Pathways 

The CSM indicates that the following exposure pathways are incomplete or negligible for all 
receptors. These pathways were not evaluated further in the risk assessment. 

0 Ingestion of fish in Woman Creek or Walnut Creek is an incomplete exposure 
pathway for all receptors because subsistence fishing is unlikely (due to 
intermittent flow in the creeks) and has not been observed to occur in the area. 

l -  

-0 

0 Ingestion of livestock is negligible pathway for all receptors 
because beef ingestion is not an exposure pathway for occupational and open 
space use receptors and, even if nearby residents were to purchase and 
consume a locally grazed animal, exposure of cattle to contaminants from 
WETS  HI-&&& . .  . .  

Inhalation of VOCs released to outdoor air through volatilization from soil or 
groundwater is a negligible pathway for all receptors because volatile 
chemicals in surface soils, if once present, will have already volatilized and 
volatile chemicals released from groundwater will be significantly retarded 
through the subsurface soil and diluted in the ambient air. 

Dermal uptake of metals and radionuclides from soil and sediment is 
considered a negligible pathway for all receptors because their permeability 
constants are low (EPA 1989a) and binding to a soil matrix further reduces 
absorption potential. 
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0 Exposure to groundwater in the LHSU is incomplete for all receptors. This 
is discussed further in the following paragraphs. Additional information on the 
LHSU is presented in Section H4.5 of the RFURI report. 
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0 Surface soil ingestion and dermal contact, following airborne deposition of 
particulates on soil 

0 Ingestion of vegetables following surface deposition of particulates 

Receptor-Specific Negligible or Incomplete Pathways (not evduatedk 

0 Root uptake by garden produce of contaminants deposited on soil is considered 
negligible because this route is not expected to contribute measurably to 
overall risk estimated for offsite receptors. Current levels of the radionuclides 
Am-241 and Pu-239/240 in soil adjacent to WETS are below health-protective 
risk-based levels (DOE 1994f, 1994g), and future concentrations would not be 
expected to increase due to windbome deposition from sources in OU-2. (See 
results of air modeling in Section H5.0.) 

0 Exposure to contaminants via contact with surface waterhediment in Walnut 
and Woman Creeks is considered r current 
offsite residents because, under the WETS surface water management plan, 
surface water is monitored and discharged at concentrations that meet 
applicable federal and state surface water requirements. Therefore, &e-ewek 

0 Ingestion of groundwater is considered r 

offsite residents (who reside in the Walnut and Woman Creek drainage areas) 
because UHSU groundwater does not discharge offsite as groundwater, 

0 External irradiation exposures to offsite residents resulting from deposition of 
radionuclides in airborne particulate matter is considered a negligible pathway 
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because current concentrations of radionuclides in offsite soil are below 
protective risk-based levels (DOE 1994f, 1994g). Modeled concentrations of 
radionuclides in air and soil at offsite locations resulting from wind erosion of 
OU-2 surface soil are even lower. (See results of air modeling in Section 
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H5 
EXPOSURE POINT CONCENTRATIONS 

Exposure point concentrations of COCs were calculated for each exposure area and exposure 
medium (surface soil, subsurface soil, groundwater, air, surface waterlsuspended sediment, 
and garden produce) evaluated in the risk assessment. The exposure point concentration of 
a chemical in a sampled medium (soil and groundwater) is usually the 95 percent upper 
confidence limit (95% UCL) on the arithmetic mean. The 95% UCL on the mean is a 
conservative estimate of the average concentration to which people would be exposed over 
time in the exposure area. Sometimes the maximum detected concentration was used as the 
exposure concentration if the data set did not permit a good estimate of the mean. This can 
occur with small data sets or in data sets with a high frequency of non-detects. If the 
calculated 95% UCL concentration exceeded the maximum detected concentration, the 
maximum was used as the exposure concentration (EPA 1989a). For convenience in this 
report, the 95% UCL or maximum concentration was referred to as the RME concentration. 
RME concentrations of COCs were used in estimating risk for both the CT and Rh4E 
exposure conditions for each scenario described in Section H4.0. 

-1 

I I 

H5.1 CALCULATING THE CONCENTRATION TERM 

Tables -H5-1 through H5-3 summarize the exposure concentrations of COCs in surface soil, 
subsurface soil, and groundwater for each exposure area evaluated in the HHRA. Attachment 
H1 shows analytical results used in the calculations. In calculating exposure concentrations 
from chemical analytical results, one-half the SQL was used to represent the concentration 
in samples that were "non-detect" for a chemical, provided that the chemical was detected in 
at least one other sample in the data set (EPA 1989a). An exception to this rule is when the 

QL is unusually high due to sample dilution. The SQL for dilute 
the measured concentrations of the chemical in other samples. 

amples were excluded from the calculation of the concentration term if they 
caused the arithmetic mean concentration to exceed the maximum detected concentration. 
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The same principle was applied when a compound was detected in very few samples and only 
at estimated quantities below the CRQL. If using one-half the CRQL for non-detects caused 
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TABLE H5-3 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF CONCERN 

IN GROUNDWATER 

AOC No. 1 Maximum 
ExposureArea~ 

AOC No.1 AOC No. 2 10-ACm 3 0 - A c ~  1,l-Dichlorwthene (up%) . -  I 
Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL" 
RME Concentration 

Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

Chloroform (ug/L) 
Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME &ncentration 

Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

Tetrachloroethene (ug/L) 
Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

Carbon Tetrachloride (u&) 

- 

Methylene Chloride (ug/L) 

Trichloroethene ( u a )  

99 
41 
0.1 
351 
4 In 
4 

100 
75 
0.1 

16,000 
3,478 In 
3,478 

100 
78 
0.1 

30,667 
104 In 
104 

100 
47 
0.20 
20,433 
13.6 In 
13.6 

100 
81 
0.1 

11,033 
1,148 In 
1,148 

100 
79 
0.07 
97,000 
1,103 In 
1.103 

I - - - - - 
I - - 
I - - 

11 
2 
0.2 
0.4 

0.4 

11 
4 
0.3 
3.3 

3.3 

11 
4 
0.1 
0.62 

0.62 

11 
3 
0.2 
0.7 

0.7 

ST 
sr 

sr 
sr 

sr 
sr 

sr 
sr 

16 
12 
0.1 
351 
68 n,d 

17 
17 
0.1 

16,000 
3,569 4 d  

17 
0.1 16 

30,667 
5,178 4 d  

17 
6 
0.70 
20,433 
3,346 4 d  

17 
17 
0.3 

11,033 
2,022 n,d 

17 
15 
0.1 

97,000 
16,025 n,d 

32 
19 
0.1 
351 

33 
*26 
0.08 
16,000 

33 
25 
0.1 

30,667 

33 
16' 
0.40 
20,433 

33 
30 
0.1 

11,033 

33 
27 
0.07 
97,000 
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TABLE H5-3 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF CONCERN 

IN GROUNDWATER 

AOC No. 1 Maximum 
Exposure Areas 

AOC No.1 AOC No. 2 1O-ACm 3O-Ac1t 
Americium-24 1 @Ci/L) 

Number of Wells Sampled 69 5 14 NE 
Number of Wells where Detected 69 5 14 NE 
Minimum Well Average -0.01 0.00 0.01 NE 
Maximum Well Average 31.5 0.22 31.5 NE 
95%UCL 0.19 In 42.2 In 6.7 n,d NE 
RME Concentration 0.19 0.22 NE 

Number of Wells Sampled 70 5 15 NE 
Number of Wells where Detected 70 5 15 NE 
Minimum Well Average 0.00 0.00 0.01 NE 
Maximum Well Average 225 1.13 225 NE 
95%UCL 2.4 In 1.6Ei-05 In 43.7 4 d  NE 
RME Concentration 2.4 1.13 NE 

- Based on lognormal distribution. 
- Based on normal distribution. - See discussion in Attachment H1. 

PlutoniUm-239/240 @Ci/L) 

- Not detected in this area. 
In 
n 
d 

NE - Inorganic chemicals in groundwater were not evaluated in the 30-acre exposure area 
(1) Sampling results from each well were averaged (d imet ic  mean) and those values 

were used to determine minimum, maximum, and 95% UCL values. 

- sr - Sample result (not a well average). 
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ubiquitously contaminated with PCBs; instead, contamination is limited to the area 
near M S S  113. Therefore, exposure potential is minimal and overall risk in the 
exposure areas will be overestimated by assuming the entire area is contaminated with 
RME concentrations of PCBs. 

0 Cr was not statistically different than background concentrations (Appendix A, TM 9, 

DOE 1994b). Nevertheless, in keeping With the COC selection process, it was 
identified as an OU-wide COC because two sample results exceeded the background 
UTL,,, of 24.8 m a g .  These sample results were 26 mgkg and 29.5 m a g .  The 
samples were collected approximately 1,500 to 2,000 feet southeast and east of the 
903 Pad Area, in plots PT36 and PT46 (Figure HS-2). These two results only slightly 
exceed the background UTLggm. Table H5-1 shows that the RME concentrations of 
Cr range from about 13 to 17 mg/kg, depending on the exposure area. These levels 
are well within background range (the background mean and maximum are 15 m a g  
and 20 mg/kg, respectively). Therefore, the risk calculated for exposure to Cr in 
surface soil is equivalent to risk at background levels. 

0 The RME concentration for Pu-239/240 in surface soil is lower in the 10-acre 
maximum exposure area than it is in AOC No. 1 or in the 30- and SO-acre areas. 
This is because two extreme values for Pu-2391240 (5,700 pCi/g and 7,300 pCi/g) 
were measured in two samples outside the 10-acre maximum exposure area. The 
sample locations were plots PT36 and PT46 (where slightly elevated Cr was detected). 
The next highest concentration was 950 pCi/g in plot PT29, closer to the 903 Pad. 
The extreme values in the two samples "drive" the 95% UCL concentrations for AOC 
No. 1 and for the 30- and SO-acre exposure areas. 

The exposure concentrations in surface soil were used to estimate health risks associated with 
soil ingestion and dermal contact by onsite workers, future ecological researchers, future open 
space users, and hypothetical onsite residents. In addition, the concentrations were used in 

(4040-1040-0098-862)(K7.5)(9/26/95 ):I5 pm) H5-3 



maximum exposure area in AOC No. 1. COCs are VOCs in groundwater, namely, l,l-DCE, 
CCI,, CHCI,, CH,CI,, PCE, and TCE. 

The indoor air concentrations were estimated using a simple model in which RME 
concentrations of VOCs in groundwater were multiplied by a constant volatilization factor 
(VI?) to convert a water concentration ( m a )  to an air concentration (mg/m’) (Andelman 
1990). The model was derived primarily from experimental data on the volatilization of 
radon from household use of water. In the derivation, all uses of household water were 
considered (e.g., showering, laundering, dish washing.) Certain assumptions were made in 
water use by a family of four, the volume of the dwelling, and the air exchange rate. 
Furthermore, it was assumed that the average transfer efficiency weighted by the type of 
water use is 50 percent (i.e., half of the concentration of each chemical in water will be 

To estimate an RME air concentration, a CT value for VF of 0.065 mg/m’ air per mg/L water 
was multiplied by the RME concentration in groundwater to yield the RME indoor air 
concentration. 

7 

I 

H5.7 SURFACE WATEWSEDIMENT 

Currently, under the WETS surface water management plan, both Woman and Walnut creeks 
are monitored, and surface water discharges meet applicable federal and state surface water 
quality requirements. 

us, there was assumed 
to be urrent risk associated with contact with surface water in the creeks 
offsite. For hypothetical future exposure scenarios, however, it was assumed that the surface 
water is not monitored, intercepted by dams or diversion structures, or treated. A screening- 
level model was used to estimate future reasonable maximum 30-year average concentrations 
of COCs that could result from migration of OU-2 contaminants in UHSU groundwater to 
surface water and from transport of contaminated surface soil in storm runoff. Concentrations 

were estimated for Woman and Walnut creeks at Indiana Street. These were used as 
exposure concentrations for both onsite and offsite receptors. The 30-year averaging period 
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incremental lifetime cancer risk from the lifetime average daily intake of a chemical. This 
represents an estimation of an upperbound probability that an individual will develop cancer 
as a re'sult of exposure to the potential carcinogen. This model provides a conservative 
(protective) estimate of cancer risk at low doses and is likely to overestimate the actual cancer 
risk. i i  
3 SFs for chemicals of concern in 
OU-2 are presented in Table H7-1. 

H7.4 SLOPE FACTORS FOR RADIONUCLIDES 

EPA's Health Effects Assessment Summary Tables (EPA 1994c) list cancer SFs for selected 
radionuclides of potential concern at Superfund sites. These values were calculated by the 
Office of Radiation Programs and are intended for use in human health risk assessments. 
EPA classifies all radionuclides as Group A (human) carcinogens based on the extensive 
weight-of-evidence provided by epidemiological studies of radiation-induced cancers in 
humans. 

Radionuclides that enter the body may become incorporated into body tissues and emit alpha, 
beta, or gamma radiation for the duration of the radionuclide's lifetime. The potential adverse 
effects of radiation are proportional to energy deposition. The energy deposited in tissues is 
proportional to the decay rate and the type of radiation (alpha, beta, gamma) rather than the 
mass of the radionuclide (EPA 1989a). Radionuclide intake is typically expressed in terms 
of activity, either Curies (Ci) or Becquerels (Bqs) rather than mass (mg). Activity refers to 
the number of nuclear disintegrations per unit time. The historic unit of activity is the Ci, 
which is equal to 3.7 x 10" disintegrations per second. The SI (Systeme Internationale) unit 
of activity is the Bq, equal to one disintegration per second (1 Bq = 2.7 x lo-'' Ci). EPA SFs 
are provided in both units, risk per picocurie (pCi or 1 x Ci) and risk per Bq. Table H7- 
2 shows the SFs for radionuclides of concern expressed in risk per pCi. 

EPA SFs for radionuclides are characterized as best estimates (median or 50th percentile) of 
the age-averaged, lifetime excess total cancer incidence (fatal and nonfatal) risk per unit 
exposure to a radionuclide. The SFs are based on the unique chemical, metabolic, and 
radiological properties of individual radionuclides. They were calculated using a non- 
threshold, linear dose-response model. The model accounts for the amount of radionuclide 
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generally concentration levels that represent an excess upperbound lifetime cancer risk of 
between l o 4  and lod.'' Additionally, where cumulative carcinogenic risk to an individual 
based on RME exposure is less than lo4 and the total HI does not exceed 1, action is 
generally not warranted for protection of public health @PA 1991d). 

H 8 3  AOCNo.1 

As discussed in Section H4.4, health hazardrisks for onsite receptors were evaluated in two 
AOCs identified in the operable unit, AOC No. 1 and AOC No. 2. Onsite receptors evaluated 
in these exposure areas include current workers, future industrial/office workers, future 
ecological workers, future open space users, future construction workers, and hypothetical 
residents. Hazarddrisks for hypothetical future residents, future industrial/office workers, and 
future ecological workers were also estimated in lo-, 30-, and 50-acre maximum exposure 
areas, respectively, in AOC No. 1. Risk results for the maximum exposure areas are 
discussed in Section H8.4. 

- 

AOC No. 1 includes the 903 Pad, Mound, Northeast Trenches, and Southeast Trenches, which 
contain all of the IHSSs that were investigated in OU-2. Hazardrisks results for current and 
future receptors evaluated in AOC No. 1 are summarized in Table H8-1 and detailed in 
Attachment H3. 

H8.3.1 Noncarcinogenic Hazard Index 

The cumulative Ms for noncarcinogenic health effects for current and future onsite 
nonresidential receptors in AOC No.1 are 4E-02 or less for the average and Rh4E conditions 
(Table H8-1). Because the HIS are less than 1, no adverse noncancer health effects are 
expected even for sensitive individuals exposed under RME conditions. Results for each 
receptor are discussed below: 
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Current Worker: Exposure pathways evaluated for the current worker were: 

0 Inhalation of airborne particulates 
0 Surface soil ingestion and dermal contact 
0 External irradiation from decay of radionuclides in surface soil 
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Future Construction Worker: The future construction worker was evaluated for the following 
exposure pathways: 

0 Inhalation of airborne particulates from subsurface and surface soil 
Subsurface soil ingestion and dermal contact 
External irradiation from decay of radionuclides in subsurface soil 

0 

0 

The cumulative hazard indexes for noncarcinogenic health effects for the future construction 
worker are 4E-03 and 2E-02 for the average and RME conditions, respectively (Table H8-1). 
These values are below 1, indicating that no adverse noncancer effects are expected for the 
future construction worker in AOC No. 1. 

Hmothetical Onsite Resident: Future land use at WETS will not include residential 
development (DOE 1995b; EPA 1995a; CDPHE 1995). Nevertheless, an onsite residential 
exposure was evaluated in the HHRA as a hypothetical scenario to provide an upperbound 
estimate of risk that may support risk management decisions for low-hazard areas within OU- 
2. Because residential development is not a reasonable future land-use scenario in OU-2, 

xposure pathways evaluated were: 

e Inhalation of airborne particulates 
0 Surface soil ingestion and dermal contact 

Surface water and sediment ingestion and dermal contact (Walnut and Woman 
creeks) 

0 

0 Groundwater ingestion 
0 Inhalation of VOCs indoors 
0 Ingestion of homegrown produce (surface deposition of particulates and root 

uptake) 
External irradiation from surface soil e 

The cumulative HIS for noncarcinogenic health effects for the onsite residential exposure in 
AOC No. 1 are 2E+01 and 1.4E+02 for the average and RME conditions, respectively (Table 
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H8-1). Ingestion of groundwater is the only pathway that contributes significantly to the total 
HI. The cumulative HIS exceed 1, indicating possible cause for concern for potential 
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noncancer effects from ingestion of groundwater in AOC No. 1. HIS for other exposure 
pathways are negligible. Carbon tetrachloride, with an HQ for ingestion in groundwater of 
1.4EM2, contributes the largest fraction (97 percent) of the total HI, while tetrachloroethene 
has an HQ of 3EMO (see detail in Attachment H3). Rh4E HQs for other COCs in 
groundwater were 3E-01 or less, indicating that no adverse noncancer health effects are 
expected from hypothetical long-term residential exposure to chemicals other than carbon 
tetrachloride and tetrachloroethene in groundwater in AOC No. 1. 

HS.3.2 Carcinogenic Risk 

Excess lifetime cancer risk estimates for onsite receptors in AOC No. 1 are summarized in 
Table H8-1 and detailed in Attachment H3. Results for each receptor and the chief 
contributors to risk are discussed below. 

Current Worker: Exposure pathways evaluated for the current worker were the same as 
described in Section H8.3.1. 

The estimated excess lifetime cancer risk for the current worker in AOC No. 1 is e - 0 7  (6 

in 10 million) under the average exposure condition and 1E-05 (1 in 100,000) under the RME 
condition (Table H8-1). These levels are less than or within the EPA target cancer risk range 
of 1E-06 to 1E-04 (1 in.1 million to 1 in 10,000) for exposure to chemicals released from 
hazardous waste sites (EPA 1989a). Exposure to Pu-239/240 in surface soil by the ingestion 
and inhalation pathways accounted for 90 percent of the estimated RME excess lifetime 
cancer risk for this receptor. (See detail in Attachment H3.) 

Future Industrial/Office Worker: Exposure pathways evaluated for the future industrial/office 
worker were the same as for the current worker (Section H8.3.1), with the addition of 
inhalation of VOCs migrating from subsurface soil or groundwater to indoor air. The 
estimated excess lifetime cancer risk for the future industrial/office worker in AOC No. 1 is 
2@-06 (2 in 1 million) under the average exposure condition and 8E-05 (8 in 100,000) under 
the Rh4E condition (Table H8-1). These levels are within the EPA target risk range of 1E-06 
to 1E-04 (1 in 1 million to 1 in 10,000) for exposure to chemicals released from hazardous 
waste sites (EPA 1989a). Exposure to Pu-239/240 in surface soil by the ingestion and 
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inhalation pathways accounted for 92% of the estimated RME excess lifetime cancer risk for 
this receptor. (See detail in Attachment H3.) 

Future Ecological Worker: Exposure pathways evaluated for the ecological worker were 
described in Section H8.3.1. The estimated excess lifetime cancer risk for the future 
ecological worker in AOC No. 1 is 1E-06 (1 in 1 million) under the average exposure 
condition and 4E-06 (4 in 1 million) under the RME condition (Table H8-1). These levels 
are near the EPA "point of departure" of 1E-06 (1 in 1 million) for evaluating risk associated 
with exposure to chemicals released from hazardous waste sites (EPA 1989a) and indicate 
negligible risk for this receptor. 

Future Ouen Suace Use: Exposure pathways for future open space use were described in 
Section H8.3.1. The estimated excess lifetime cancer risk for future open space use in AOC 
No. 1 is 2E-07 (2 in 10 million) under the average exposure condition and 1E-05 (1 in 
100,000) under the RME condition (Table H8-1). These levels are below or within the EPA 
target risk range of 1E-06 to 1E-04 (1 in 1 million to 1 in 10,000) for exposure to chemicals 
released from hazardous waste sites (EPA 1989a). 

- 
Future Construction Worker: Exposure pathways for the future construction worker were 
described in Section H8.3.1. The cumulative excess lifetime cancer risk is 4-@3-07 (1 in 10 
million) under the average exposure condition and 3E-07 (3 in 10 million) under the RME 
condition. These levels are below the EPA "point of departure" of 1E-06 (1 in 1 million) for 
evaluating risk associated with exposure to chemicals released from hazardous waste sites 
(EPA 1989a) and indicate negligible risk for this receptor. 

Hvpothetical Onsite Resident: As discussed in Section H8.3.1, future land use at WETS will 
not include residential development. Because residential development is not a reasonable 
future land-use scenario in OU-2, ~ 

However, the estimates do provide insight into 
potential sources of health risk in OU-2. The exposure pathways evaluated for the onsite 
resident are listed in Section H8.3.1. The estimated excess lifetime cancer risk assuming 
residential use is 4E-04 (4 in 10,000) under the average exposure condition and 8E-03 (8 in 
1,000) under the Rh4E condition. These levels exceed the EPA target risk range of 1E-06 
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to 1E-04 (1 in 1 million to 1 in 10,000) for exposure to chemicals released from hazardous 
waste sites @PA 1989a). 

(4040-l040-0098-862)(R7.8)(9/26/95 3:15 pm) H8-7a 



Because future use will not include residential development, actual risks in this area will be 
lower than those estimated for this scenario. 

Noncarcinogenic Hazard Index: The cumulative hazard indexes for noncarcinogenic health 
effects for future onsite residents are 2EM1 and 1.6Ei-02 for the average and RME 
conditions, respectively (Table H8-2). The HIS exceed 1, indicating possible cause for 
concern for noncancer effects from ingestion of groundwater from the 10-acre maximum 
exposure area. Ingestion of groundwater is the only pathway that contributes significantly 
to the total HIS. HIS for other exposure routes were negligible for the average exposure and 
RME conditions. Ingestion of carbon tetrachloride, chloroform, and tetrachloroethene account 
for most of the total average and RME HIS. (See detail in Attachment H3.) 

Carcinogenic Risk: The estimated excess lifetime cancer risk is 1E-03 (1 in 1,000) under the 
average exposure conditions and 1.5E-02 (1.5 in 100) under RME conditions. These levels 
exceed the EPA target risk range of 1E-06 to 1E-04 (1 in 1 million to 1 in 10,000) for 
exposure to chemicals released from hazardous waste sites (EPA 1989a). Ingestion of 
groundwater, inhalation of indoor VOCs from domestic use of groundwater, and ingestion of 
surface soil are the pathways that contribute significantly to overall risk (Table H8-2). RME 
cancer risks from other exposure pathways are 3E-05 or less. 

- 

As in AOC No. 1, the average estimated cancer risk of 1E-05 for surface soil exposure routes 
is within EPA's target risk range. The RME cancer risk of 2E-04 for surface soil exposure 
routes d-igh#y-exceeds EPA's target risk range. 

Chief contributors to hazard/risk estimates for groundwater exposure are carbon tetrachloride, 
chloroform, trichloroethene, tetrachloroethene, and 1,l -dichloroethene. The chief contributor 
to cancer risk estimates for soil exposures is plutonium. Chemical-specific risks from all 
pathways are detailed in Attachment H3. 

H8.4.2 Future Industrial/Office Worker (30-acres) 

Noncarcinogenic Hazard Index: The exposure pathways evaluated for the future onsite 
worker were surface soil ingestion and dermal contact, inhalation of PM,,, and inhalation of 
indoor .VOCs. The cumulative HIS for this receptor in the 30-acre maximum exposure area 
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are 1E-02 for the average exposure condition and 8E-02 for the RME condition (Table H8-2). 
These values are below 1, indicating that no adverse noncancer health effects are expected 
for the future onsite industrial/office worker in this exposure area. 

Carcinogenic Risk: The estimated excess lifetime cancer risk is 5E-06 (5 in 1 million) for 
the average exposure condition and 2E-04 (2 in 10,000) under the RME condition (Table 
H8-2). The RME cancer risk level shghtlpxceeds the EPA target risk range of 1E-06 to 1E- 
04 (1 in 1 million to 1 in 10,000) for exposure to chemicals released from hazardous waste 
sites (EPA 1989a), whereas the average risk estimate is within EPA's risk range. 

. Exposure to Pu-239/240 in surface soil by the ingestion and inhalation 
pathways accounted for most of the estimated excess lifetime cancer risk fo 
The exposure point concentration of Pu-239/240 of 1.8Ei-06 pCikg is 
high sample result (7.3Ei-06 pCi/kg) in the 30-acre maximum exposure area. The next 
highest concentration was 9.5Ei-05 pCikg. The single high value bkw-the  estimates of 
exposure concentration and risk for the entire 30-acre area. 

H8.4.3 Future Onsite Ecological Worker (50-acres) 

Noncarcinonenic Hazard Index: Exposure pathways for the ecological worker are listed in 
Section H8.3.2. The cumulative HIS for this receptor in the 50-acre maximum exposure area 
are 8E-03 for the average exposure condition and 4E-02 for the RME condition (Table H8-2). 
These values are well below 1, indicating that no adverse noncancer health effects are 
expected for the future onsite ecological worker. 

Carcinogenic Risk: The estimated excess lifetime cancer risk is 2E-06 (2 in 1 million) for 
the average exposure condition and @-OS (6 in 1 million) for the RME condition (Table 
H8-2). These levels are . .  II 
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an uppelwound estimate 0- --ik that may support risk management decisions in this relatively 
low-hazard area. 

The estimated excess lifetime cancer risk for the hypothetical future onsite receptor in AOC 
No. 2 is 8E-07 (8 in 10 million) under the average exposure condition and 1E-05 (1 in 
100,000) under RME conditions (Table H8-3). These levels are within or below the EPA 
target risk range of 1E-06 to 1E-04 (1 in 1 million to 1 in 10,000) for exposure to chemicals 
released from hazardous waste sites (EPA 1989a). Ingestion and inhalation of Pu-239/240 
in surface soil and ingestion of Pu-239/240 in groundwater accounted for most of the 
estimated excess lifetime cancer risk for this receptor. (See detail in Attachment H3.) 
Cancer risk results for each receptor are listed below. 

Cancer Risk Estimates for Receptors in AOC No. 2 

Receptor 
~ ~ 

CT RME 

Current Worker 9.@-09 44@@-07 

- Future Industrial/Office Worker 3.@$-08 1 .@-OS 

Future Ecological Worker 2 . e - 0 8  6 . a - 0 8  

Future Open Space Use 5.7@-09 2.6E-07 

Future Construction Worker 2.8E-08 1.4E-07 

Hypothetical Onsite Resident 7 . e - 0 7  1.3E-05 

HS.6 OFFSITE RESIDENTS 

Current and future offsite residential receptors were evaluated for exposure to chemicals 
transported in air from AOC No. 1 and from AOC No. 2. Current offsite receptors selected 
for evaluation are the closest residence to WETS (Current Resident, Indiana South) and the 
closest residence to WETS in the prevailing southeast wind direction (Current Resident, 
Southeast), each located east of Indiana Street near WETS southeast comer. Exposure 
pathways evaluated for current offsite residents were inhalation of airborne particulates from 
AOC No. 1 and AOC No. 2 and ingestion of particulate matter deposited on surface soil and 
homegrown produce. Future offsite receptors were evaluated at two hypothetical residences, 
located on Indiana Street adjacent to Walnut Creek (Future Resident, Walnut Creeknndiana) 
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Concentrations of Lead in Groundwater, pg/L 

Sample Background Site Background Site No. > 
Type Mean Mean Maximum Maximum UTL,,, UTL,,, 

~ 

Unfiltered 3.8 29 52.5 675 19.3 97 

Filtered 2.4 1.5 64 13.8 15.8 0 

Total suspended solids (TSS) in OU-2 groundwater samples were much higher than in 
background samples. As a result, unfiltered groundwater samples collected in OU-2 had 
elevated levels of numerous metals, including lead, that are associated with TSS. Based on 
comparing concentrations of lead in unfiltered and filtered samples, lead in groundwater in 
OU-2 is not considered to be a site contaminant but rather the result of high TSS in the 
samples. 

HS.8 SUMMARY OF CUMULATIVE HAZARD/RISK RESULTS 

Hazardrisk characterization was performed for six onsite receptors in two AOCs in WETS 
OU-2. In addition, residential, industrial, and ecological researcher scenarios were evaluated 
in lo-, 30-, and 50-acre maximum exposure areas, respectively. Four offsite receptor 
locations were also evaluated. Results are summarized in Tables H8-1 through H8-5 and 
detailed in Attachment H3. 

AOC No. 1 and Maximum Exposure Areas: Cumulative HIS were less than 1 and cancer risk 
estimates were below 2E-04 for all nonresidential receptors. 

HIS for the onsite residential scenario ranged from 2EM1 (CT, AOC No. 1) to 1.6E+02 
(RME, 10-acre area) and cancer risk estimates ranged from 4E-04 (CT, AOC No. 1) to 2E-02 
(RME, 10-acre area), chiefly due to VOCs in groundwater. These results for the residential 
scenario indicate that hazardrisks from domestic use of groundwater in AOC No. 1 and the 
10-acre maximum exposure area would be expected to exceed levels of concern. However, 
total HIS associated with other exposure pathways were less than 1, and cancer risk estimates 
ranged from 1.3@-OS (CT, 10-acre area) to 3@-04 (RME, AOC No. 1) for other exposure 
pathways. Residential use of groundwater will not occur in OU-2 because future land use 
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at WETS will not include residential development (DOE 1995b; EPA 1995a; CDPHE 1995). 
Drinking water for current onsite workers is provided by a municipal water supply, and it is 
expected that drinking water for future onsite receptors will also be provided from a public 
water supply. Therefore, since direct ingestion of groundwater is an incomplete pathway for 
all current and possible future receptors in OU-2, chemicals in groundwater do not pose a risk 
to human health. 

The next highest hazardrisk estimates were associated with future industrial/office worker 
exposures in AOC No. 1 and in the 30-acre maximum exposure area. This receptor is the 
reasonable maximum exposed individual under credible future use scenarios. Hazardrisk 
results for this receptor are summarized below. 

' Hazard/Risk Summary for Future Onsite IndustriaYOffice Worker 
~ 

Hazard Index Cancer Risk 

CT RME CT RME Risk Driver 
~ -~ 

AOC NO, 1 6E-03 4E-02 *-06 8E-05 Pu-239/240 in surface soil 

3 0-Acres 1E-02 8E-02 5E-06 2E-04 Pu-239/240 in surface soil 

The low HIS for the future industrial/office worker in OU-2 indicate that no noncancer health 
effects are expected from inhalation of airborne particulates, ingestion of surface soil, or 
dermal contact with surface soil. Groundwater exposures were not evaluated for 
nonresidential receptors because it is expected that public supplies will continue to be 
provided to industrial and commercial future users. 

However, excess lifetime cancer risk for future industrial/office workers under RME condition 
in the 30-acre maximum exposure area &g#&yexceeds the EPA target risk range of 1E-06 
to 1E-04 (1 in 1 million to 1 in 10,000). 

Exposure to plutonium in surface soil via the ingestion and inhalation pathways accounts for 
94 percent of the estimated RME excess lifetime cancer risk for this receptor. %+eases 

&-&3** -be 
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one relatively high concentration value for 
Pu-239/240 in surface soil 
estimates of Pu-239/240 exposure point 
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concentrations for the entire 30 acres, which @###- estimates of cancer risk @ 

The average exposure and RME cancer risks for the future industrial/office worker in AOC 
No. 1 are each less than 1E-04. 

Hazardrisk results for other receptors evaluated in AOC No. 1 (current worker, future 
ecological worker, future open space use, and future construction worker) did not exceed 
generally accepted levels of risk. 

Area of Concern No. 2: Hazardrisk results are summarized in Table H8-3 and detailed in 
Attachment H3. A hypothetical onsite residential receptor was evaluated in AOC No. 2 to 
provide an upperbound estimate of risk to support risk management decisions in low hazard 
areas. Hazardrisk estimates for this "worst case scenario" did not exceed generally accepted 
levels of risk: the RME HI was 6E-03, well below 1, and the RME cancer risk was 1E-05, 
well within EPA's target risk range of 1E-06 to 1E-04. Hazardrisk estimates for other 
receptors evaluated in AOC No. 2 were well below levels of potential concern. 

Offsite RecePtors: Hazardrisk results are summarized in Table H8-4 and detailed in 
Attachment H3. Total HIS and lifetime cumulative excess cancer risk for offsite receptors 
were very low (HI of 6E-04 or less, cancer risk of 2E-07 or less), indicating that no adverse 
noncancer health effects are expected and cancer risk is negligible for these receptors. These 
results reflect insignificant impacts from airborne'particulate matter from OU-2 sources and 
negligible risk associated with modeled concentrations of OU-2 COCs in surface 
waterhediment in Walnut Creek and Woman Creek. 
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Onsite receptors are current workers, future industrial/office workers, future ecological 
workers, future open space users, future construction workers, and hypothetical residents. 
Although no residential development is expected at RFETS, the hypothetical residential 
scenario was evaluated to provide an upper-bound estimate of risk that may support risk 
management decisions for low-hazard areas within OU-2. 

This section describes the results of annual radiation dose estimates for receptors in AOC 
No. 1. AOC No. 1 includes the 903 Pad, Mound, Northeast Trenches, and Southeast 
Trenches, which contain all of the MSSs that were investigated in OU-2. Annual radiation 
dose results for the maximum exposure areas are discussed in Section H9.3; results for AOC 
No. 2 are discussed in Section H9.4. 

8 

Current Worker: The following radionuclide exposure pathways were evaluated for the 
current worker: 

0 Inhalation of airborne particulates 
0 Ingestion of surface soil 
0 External irradiation from radionuclides in surface soil 

The total annual radiation dose for the current worker in AOC No. 1 is 1 mrem/year for the 
average exposure condition and 2 mrendyear for the RME condition (Table H9-2). These 
values are below the DOE limits of 100 mredyear for members of the public and 5,000 
mrem/year for radiological workers exposures. 

Future Industrial/Office Worker: Radionuclide exposure pathways evaluated for the future 
industrial/office worker were the same as for the current worker. The total annual radiation 
dose for the future industrial/office worker in AOC No. 1 is 4# mrerdyear for the average 
exposure condition and @ mrem/year for the RME condition (Table H9-2). Inhalation of 
Pu-239/240 was the major contributor to total annual radiation dose. These values are below 
the DOE limit of 100 mrem/year for members of the public. 
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Future Ecolonical Worker: Radionuclide exposure pathways evaluated for the ecological 
worker were: 

e Ingestion of surface soil 
e Inhalation of airborne particulates from surface soil 

External irradiation from radionuclides in surface soil 

e Ingestion of surface watedsediment (Walnut and Woman creeks) 
e 

The total annual radiation dose for the ecological worker in AOC No. 1 is 2 mrem/year for 
the average exposure condition and 4 mrem/year for the RME condition (Table H9-2). These 
doses are below the DOE limit of 100 mrem/year for members of the public. 

Future ODen Space Use: Radionuclide exposure pathways evaluated for future open space 
use were: 

e Ingestion of surface soil 
0 Inhalation of airborne particulates from surface soil 

External irradiation from surface soil 

e Ingestion of surface watedsediment (Walnut and Woman creeks) 
e 

The total annual radiation dose for open space use in AOC No. 1 is O.@ mrem/year for the 
average exposure condition and @ mremlyear for the RME condition (Table H9-2). These 
doses are below the DOE limit of 100 mrem/year for members of the public. 

Future Construction Worker: The future construction worker was evaluated for the following 
exposure pathways: 

e Subsurface soil ingestion 
0 Inhalation of airborne particulates from subsurface and surface soil 
e External irradiation from radionuclides in subsurface soil 

The total annual radiation dose for the construction worker in AOC No. 1 is 1 mrem/year for 
both the average and RME exposure conditions (Table H9-2). This level is below the DOE 
limit of 100 mrem/year for members of the public. 
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Hypothetical Resident: Future land use at WETS will not include residential development 
(DOE 1995b; EPA 1995a; CDPHE 1995). Nevertheless, onsite residential exposure was 
evaluated in the HHRA as a hypothetical scenario to provide an upper-bound estimate of risk 
that may support risk management decisions for low-hazard areas within OU-2. Because 
residential development is not a reasonable future land-use scenario in OU-2, cleanup levels 
will not be based on estimates of risk to this hypothetical receptor. 

Annual radiation doses were estimated for onsite residential exposure in AOC No. 1, a 10-acre 
maximum exposure area in AOC No. 1, and AOC No. 2. The hypothetical resident was 
evaluated for the following exposure pathways: 

e Surface soil ingestion 

e Inhalation of airborne particulates 
0 Groundwater ingestion 

0 External irradiation from radionuclides in surface soil 

e Ingestion of surface water and sediment (Walnut Creek and Woman Creek) 
Ingestion of homegrown produce (surface deposition of particulates and root e 

uptake) 

The total annual radiation dose for the onsite resident in AOC No. 1 is l@ mrem&ear for 
the average exposure condition and mredyear for the RME condition. Inhalation of 
airborne particulates (22 mrem/year), external irradiation from surface soil (9 mredyear), and 
ingestion of surface soil (6 mredyear) are the primary pathways contributing to the total 
RME annual radiation dose (Table H9-2). The annual radiation dose for all exposure 
pathways is below the DOE limit of 100 mredyear for members of the public. 

H9.3 MAXIMUM EXPOSURE AREAS IN AOC No. 1 

Annual radiation doses, in terms of TEDE for one year of exposure (mredyear), were also 
estimated for receptors in three maximum exposure areas in AOC No. 1: 

0 a I0-acre hypothetical residential neighborhood at the area of maximum soil 
and groundwater contamination in OU-2 
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0 a 3 0-acre industriaVoffice park incorporating the maximum contaminated area 
in OU-2 

e a 50-acre ecological study area incorporating the maximum contaminated area 
in OU-2. 

Annual radiation doses for each receptor/exposure area are summarized in Table H9-3 and 
are discussed below. Detailed radionuclide- and pathway-specific results are presented in 
Attachment H4. 

H9.3.1 Hypothetical Onsite Resident (10-acres) 

The total annual radiation dose was estimated for a hypothetical onsite residential exposure 
in a 10-acre maximum exposure area, approximately equivalent to the 903 Pad Area, 
Pathways evaluated are the same as listed for the onsite resident in AOC No. 1 (Section 
H9.2.6). The total annual radiation dose for the onsite resident in the 10-acre maximum 
exposure area in AOC No. 1 is 14 mrem/year for the average exposure condition and 6$ 
mredyear for the RME condition. External irradiation from surface soil (20 mredyear), 
groundwater ingestion (19 mrem/year), ingestion of surface soil (14 mrem/year), and 
inhalation of airborne particulates (a mrem/year) were the primary pathways contributing 
to the total RME annual radiation dose (Table H9-3). The total annual dose is below the 
DOE limit of 100 mrem/year for members of the public. 

H9.3.2 Future IndustriaYOffce Worker (30-acres) 

Pathways evaluated were surface soil ingestion, particulate inhalation, and external irradiation. 
The total annual radiation dose for the future industrial/office worker in the 30-acre maximum 
exposure area in AOC No. 1 is !$f# mrem/year for the average exposure condition and 
mrem/year for the RME condition (Table H9-3). Inhalation of plutonium contributed to most 
of the annual dose. These doses are below the DOE limit of 100 mredyear for members of 
the public. 
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H9.3.3 Future Onsite Ecological Worker (50-acres) 

Pathways evaluated are the same as listed for the future ecological worker in AOC No. 1 
(Section H9.2.3). The total annual dose for the future ecological worker in the 30-acre 
maximum exposure area in AOC No. 1 is 3 mredyear for the average exposure condition 
and 6# mredyear for the RME condition (Table H9-3). These doses are below the DOE 
limit of 100 mredyear for members of the public. 

H9.4 AOCNo.2 

AOC No. 2 is the East of IHSSs area, located in the buffer zone between the MSSs and 
Indiana Street. No MSSs or other waste disposal areas are present in AOC No. 2. Annual 
radiation doses for current and future receptors located in AOC No. 2 are summarized in 
Table H9-4 and detailed in Attachment H4. 

Exposure pathways evaluated for current and future onsite receptors in AOC No. 2 were the 
same as those evaluated in AOC No. 1. The total annual radiation dose, in terms of TEDE 
for one year of exposure, for current and future onsite nonresidential receptors in AOC No. 2 
are 0.3 mrem/year or less for the average and RME conditions. Radiation dose results for 
each receptor are discussed below. 

- 

Current Onsite Worker: The total annual radiation dose for the current worker in AOC No. 2 
is 0.02.mrem/year for the average exposure condition and 0.04 mrem/year for the RME 
condition. 

Future IndustriallOffice Worker: The total annual radiation dose for the future industrial 
office worker in AOC No. 2 is W@ mrem/year for the average exposure condition and 0.2 
mredyear for the RME condition. 

Future Ecological Worker: The total annual radiation dose for the future ecological worker 
in AOC No. 2 is 0.05 mrem/year for the average exposure condition and 0.1 mrem/year for 
the RME condition. 
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Future Open Space Use: The total annual radiation dose for future open space use in AOC 
No. 2 is O.OO@ mrem/year for the average exposure condition and 03f#@ mrendyear for the 
RME condition. 

Future Construction Worker: The total annual radiation dose for the future construction 
worker in AOC No. 2 is 0.03 mrendyear for the average exposure condition and O.O@ 

mrem/year for the RME condition. 

Hvpothetical Onsite Resident: The total annual radiation dose for the hypothetical onsite 
resident in AOC No. 2 is 0.4 mrem/year for the average exposure condition and 2 mredyear 
for the RME condition. 

H9.5 OFFSITE RESIDENTS 

Current and future offsite residential receptors were evaluated for exposure to radionuclides 
transported in air from AOC No. 1 and from AOC No. 2. Current offsite receptor locations 
selected for evaluation are the closest residence to RFETS (Current Resident, Indiana South) 
and the closest residence to RFETS in the prevailing southeast wind direction (Current 
Resident, Southeast), each located east of Indiana Street near RFETS southeast comer. 
Exposure pathways evaluated for current offsite residents include inhalation of airborne 
particulates from AOC No. 1 and AOC No. 2 and ingestion of particulate matter deposited 
on soil or on homegrown produce. 

Future offsite residential receptors were evaluated at two locations, both on Indiana Street 
adjacent to either Walnut Creek (Future Resident, Walnut Cr./Indiana) or Woman Creek 
(Future Resident, Woman Cr./Indiana). Exposure pathways for future offsite receptors include 
those for current offsite receptors, plus oral exposure to surface water/sediments in Woman 
Creek or Walnut Creek. Radiation dose results for current and future offsite receptors are 
summarized in Table H9-5 and detailed in Attachment H4. 

The total annual radiation doses for offsite receptors were 0 . 0 0 3  mrem/year or less for the 
average and RME conditions (Table H9-5). When impacts from AOC No. 1 and AOC No. 2 
are combined, the total annual radiation dose for offsite residents is 0.004 mrem/year or less. 
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These levels indicate negligible exposure to radionuclides in air, deposited particulate matter, 
or in surface water/suspended sediments in the creeks. 

H9.6 SUMMARY OF RESULTS 

Annual radiation dose, in terms of total effective dose equivalent (TEDE) for one year of 
exposure, was estimated for six onsite receptors in two AOCs in WETS OU-2. In addition, 
residential, industrial, and ecological researcher scenarios were evaluated in lo-, 30-, and 50- 

acre maximum exposure areas, respectively. Four offsite receptor locations were also 
evaluated. Results are summarized in Tables H9-2 through H9-5 and detailed in 
Attachment H4. 

H9.6.1 AOC No. 1 

Annual radiation dose estimates for AOC No. 1 are summarized in Table H9-2. Estimated 
annual radiation doses were mrem or lower for all non-residential receptors evaluated 
in AOC No. 1. These doses are below the DOE limit of 100 mrem/year for protection of 
public health and 5,000 mredyear for radiological worker exposure. Estimated annual 
radiation doses for hypothetical residents ranged from Sf@ mremlyear (CT;AOC No, 1) to 
6 4  mrem/year (RME, 10-acre). 

- 

These levels are also below DOE limits for protection of the public. Because onsite 
residential development will not occur in OU-2, the estimates of annual radiation dose to 
hypothetical onsite residents do not reflect actual doses expected under current and probable 
future land use at WETS. 

The next highest radiation dose results were associated with future industrial/office worker 
exposures in the 30-acre maximum exposure area. These were !I$$# mremlyear and 
mrem/year for the CT and RME scenarios, respectively. These values are below the DOE 
limit of 100 mrem/year for members of the public. Exposure to Pu-239/240 in surface soil 
accounts for most of the estimated RME annual dose for this receptor (approximately 1@ 
mrem/year). Annual radiation dose for the future industrial/office worker in the 30-acre 
maximum exposure area my- by one relatively high value for Pu- 
239/240 in surface soil (7.3E+06 pcikg). This concentration, which is 7 times higher than 
any other 

// 
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detected concentration, may bias the estimate of mean exposure concentration of Pu-239/240 
in surface soil in the 30-acre maximum exposure area and also bias the estimate of annual 
radiation doses. 

. .  

H9.6.2 AOC No. 2 

Radiation dose calculations for AOC No. 2 are summarized in Table H9-4. Total annual 
radiation doses were 2 mrem/year or less for all onsite receptors in AOC No. 2, indicating 
that exposure to radionuclides in AOC No. 2 is negligible. 

H9.6.3 Offsite Receptors 

Total radiation doses for offsite receptors are very low (0.004 mrem/year or less). These 
results reflect insignificant impacts from airborne particulate matter from OU-2 sources and 
from radionuclides transported from OU-2 sources in surface watedsediment in Walnut and 
Woman Creeks. 

- 
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H1O.O 
UNCERTAINTIES AND LIMITATIONS 

This section discusses the chief uncertainties and limitations of the risk assessment and how 
they affect the results and conclusions. It also provides an assessment of risk from exposure 
to special-case COCs and discusses their potential contribution to overall site risk. 

Uncertainties and limitations are inherent in the risk assessment process. The level of 
certainty associated with the conclusions of the risk assessment are conditional upon the 
quality of data and models used to identify COCs and estimate chemical concentrations, the 
assumptions made in estimating exposure conditions, the methods used to develop toxicity 

. . . . . . . . . . 

At all stages of this risk assessment, however, reasonable conservative assumptions were 
made so as not to underestimate potential risk. Furthermore, estimates of toxicity and 
carcinogenicity (RfDs and SFs) are very conservative and may result in an overestimate of 
risk. Therefore, the conclusions regarding identification of chief contaminants of concern, 
levels of potential health risk associated with direct and indirect exposures, and offsite 
migration potential are considered reliable. 

The chief sources of uncertainty are discussed in Section H1O.l. An evaluation of risk from 
special-case COCs is presented in Section H10.2. 
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Concentrations of Copper in Groundwater, pg/L 
~ 

Sample Background Site Background Site 
Type Mean . Mean Maximum Maximum UTL, No.>UTL, 

Unfiltered 11.4 55.3 105 1310 45.3 69 

Filtered 10.7 9.8 175 20.9 53.8 0 

Copper in unfiltered groundwater samples is not considered to be a site contaminant, but 
rather the result of high TSS in the samples. (Refer to discussion in TM No. 9, DOE 1994b). 

1.1.1-TCA in groundwater: A provisional RfC for l,l,l-TCA has been published by EPA 
but was not available at this writing. l,l,l-TCA was detected in 25 percent of groundwater 
samples, ranging in concentration from 0.00018 mg/L to 1 mg/L (mean concentration of 0.026 

mg/L). Because this concentration is relatively low compared to concentrations of carbon 
tetrachloride (3.5 mg/L) and tetrachloroethene (1.2 m a ) ,  which contribute 99 percent of the 
noncarcinogenic HI for groundwater ingestion, the exclusion of l , l ,  1 -TCA from the 
quantitative risk assessment will not result in an underestimate of risk. 
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H10.2 EVALUATION OF RISK ASSOCIATED WITH SPECIALCASE COCs 

Special-case COCs are (1) compounds that were infrequently detected (e 5 percent) but that 
exceeded 1000 times the RBC, and (2) compounds that are probably not environmental 
contaminants but were retained for separate consideration because of toxicity. A detailed 
discussion of the selection of special-case COCs is presented in the TM 9 (DOE 1994b). 

summarized in Table H10-1 and detailed in Attachment H3. 

H 10.2.1 Metals in Groundwater in OU-2 

Four metals were selected for separate evaluation of potential hazardrisk associated with 
hypothetical ingestion of groundwater: antimony, arsenic, beryllium, and manganese. None 
of these metals was identified as a COC in OU-2 groundwater, primarily because they do not 
appear to be contaminants but rather associated with high concentrations of TSS in unfiltered 
groundwater samples. However, their maximum concentrations exceeded RBCs for 
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groundwater ingestion (DOE 1994g). To address concerns that these metals could pose a 
health risk under long-term exposure to maximum detected concentrations, parties to the IAG 
agreed that emme@@ will be evaluated separately in the uncertainties section of the HHRA 
(CDPHE 1994; EPA 1994b; DOE 1994d). 

Hazardrisk results for ingestion of these four metals in groundwater, assuming residential use, 
are shown in Table H10-1 and detailed in Attachment H3. Results from unfiltered samples 
were used in the risk evaluation. 

Noncarcinopenic Hazard Index: The total HIS for noncarcinogenic health effects from 
exposure to these four metals in groundwater in AOC No. 1 are 2 and 14 for the average and 
RME conditions, respectively (Table H10-1). In AOC No. 2, the total hazard indexes are 1 
for the average exposure condition and 8 for the RME condition. Manganese contributes 
most of the total HIS. HQs for the other metals were near or less than 1. 

In the two AOCs, the HIS differ by approximately a factor of two, indicating that the 
concentrations of metals in groundwater in each AOC differ by only a factor of two. The 
small difference in metals concentrations in the two AOCs suggests that these metals are 
present in groundwater samples as a result of naturally occurring conditions, rather than from 
site-related activities. On the other hand, concentrations of COCs in groundwater (e.g., 
radionuclides and VOCs) are substantially higher near source areas (e.g., MSSs in AOC 
No. 1) than they are distant from source areas (e.g., in AOC No. 2). 

- 
I 

As stated above, the magnitude of the HIS are driven by manganese. However, the HIS may 
not be a sound guide to potential health hazards (assuming unfiltered UHSU groundwater is 
ingested chronically) because significant uncertainty exists with regard to the toxicity of 
manganese ingested in water. The toxicity value for manganese in water, represented by the 
RfD (0.005 mgkg-day, EPA 1995b), is probably significantly overestimated. This RfD is 28- 
times smaller than the RfD for manganese in food (0.14 mag-day, EPA 1995b); it is an 
order of magnitude less than the "Estimated Safe and Adequate Daily Dietary Intake" of 0.03 

to 0.07 mg Mdkg-day (manganese is an essential element) recommended by the National 
Research Council (NRC 1989); and it is well below the dose (0.129 mg/kg/day) considered 
by World Health Organization (WHO) to be "perfectly safe" (WHO 1973). 
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chloride, tetrachloroethene, and trichloroethene were more widely detected in groundwater and 
resulted in excess lifetime cancer risk estimates in the range of 1E-03 to 1E-02. Incremental 
risk from vinyl chloride would not significantly affect the total cancer risk estimate for 
exposure to groundwater. 

H10.2.4 PAHs in Surface Soil 

As discussed in the COC TM for OU-2 (DOE 1994a), PA€& were retained for separate 
evaluation as special-case COCs because their presence in surface soil is more likely due to 
common sources such as vehicle emissions rather than waste releases at OU-2. PAHs are 

azardlrisk results for exposure of hypothetical onsite residents to 
PAHs ingested in surface soil are summarized in Table H10-1 and detailed in Attachment H3. 
Calculations of the concentration terms are shown in Attachment H1. 

Noncarcinogenic Hazard: The total HIS for onsite residential exposure to fluoranthene and 
pyrene in AOC No. 1 or AOC No. 2 via the soil ingestion pathway are 9E-05 or less for the 
average and RME exposure conditions. Because these HIS are well below 1, no adverse 
noncarcinogenic health effects are expected for onsite receptors from ingestion of PAHs in 
surface soil. 

Carcinogenic Risk: The estimated lifetime excess cancer risks for onsite residential- 
he carcinogenic PAHs benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,and indeno( 1,2,3 -cd)pyrene in AOC No. 
1 and AOC No. 2 via the soil ingestion pathway is 3E-06 (3 in 1,000,000) or less for average 
and RME exposure conditions. Estimated risk under the industrial/office worker scenario 
would be approximately 4-€$ times less (Le., a b o u t 4 5 4 @ @ # $  and would not contribute 
significantly to overall risk from exposure to surface soils for this receptor. 
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The risk characterization process combines average and reasonable maximum estimates of 
exposure with upperbound estimates of toxicity to yield conservative (protective) estimates 
of health risk. Estimates of health risk for CT and RME conditions are provided so that risk 
management decisions can be based on a range of potential risk for different exposure 
scenarios. 

I 

Results of the risk assessment for each exposure area are summarized in Table H11-1 and 
described briefly below. 

AOC No. 1: HIS and cancer risk estimates were below levels of concern for all current and 
possible future land use scenarios in AOC No. 1; those for the hypothetical resident exceeded 
levels of concern. These results are described below. 

0 The future industrial/office worker is the maximum exposed individual under 
current and possible future land use scenarios in AOC No. 1. .Pathways 
evaluated were exposure to surface soil, airborne PMl0, and indoor VOCs from 
soil gas. Cumulative Hls were below 1, indicating no threat of adverse 
noncarcinogenic effects. RME (8E-05) and CT (a-06) cancer risk estimates 
for this receptor in AOC No. 1 are within EPA's target cancer risk range of 
1E-06 to 1E-04. Ingestion of Pu-239/240 in surface soil was the greatest 
contributor to overall risk (Attachment H3). 

- 

e Cumulative HIS were below 1 for current workers and for future ecological 
workers, open space users, and construction workers in AOC No. 1 indicating 
that no adverse noncarcinogenic health hazards are expected for these 
nonresidential exposure scenarios. RME cancer risk estimates for these 
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receptors ranged from *-07 to 1E-05. These values are within or below 
EPA's target cancer risk range of 1E-06 to 1E-04. The contaminants that 
contributed most to estimated health risk for nonresidential onsite receptors are 
Pu-239/240 and Am-241 in surface soil. 

e Chlorinated solvents in groundwater in AOC No. 1 would pose unacceptable 
risk if directly ingested (hypothetical onsite residential scenario). However, 
drinking water for current onsite workers is provided by a municipal water 
supply, and it is expected that drinking water for future onsite receptors will 
also be provided from a public water supply. Therefore, ingestion of UHSU 
groundwater is an incomplete pathway for all current and possible future 
receptors in OU-2. Additionally, migration of groundwater via surface water 
to offsite locations is not significant, even using conservative modeling 
assumptions. 

Maximum Exeosure Areas: HIS were below levels of concern and cancer risk estimates were 
at or below levels of concern for future industiial/office workers and ecological researchers 
in 30- and 50-acre maximum exposure areas. Hazardrisk estimates for hypothetical onsite 
residents in a 10-acre maximum exposure area exceeded levels of concern. These results are 
described below. 

7 

I 

e Chlorinated solvents in groundwater in the 10-acre maximum exposure area 
in AOC No.1 would pose an unacceptable risk if directly ingested 
(hypothetical onsite residential scenario). However, groundwater ingestion is 
an incomplete pathway for all current and possible future receptors in OU-2. 
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l -  

0 Cumulative HIS d cancer risk estimates 
r the future ecological worker in the 50- 

acre maximum exposure area. 

AOC No. 2: Cumulative Ms d cancer risk estimates were elow 
-or onsite receptors in AOC No. 2 (including the hypothetical onsite 
resident). 

Offsite Receptors: 
negligible. 

HIS and cancer risk estimates for offsite residential receptors were 

H11.2 CONCLUSIONS 

The industrial/office worker is the maximum exposed individual under possible future land 
use scenarios at WETS. The maximum RME cancer risk estimate for this receptor was 
2E-04 (30-acre maximum exposure area). This level dighdyexceeds EPA's target cancer risk 
range of 1E-06 to 1E-04. This estimate of RME cancer risk very likely overestimates 
potential risk in the 30-acre maximum exposure area because of the overly conservative 
exposure assumptions (e.g., daily contact with surface soil for 25 years, with no paving, 
grading, or indoor work to reduce e x p o s u r e ) . h  

RME cancer risk estimates for the future industrial/office worker in AOC No. 1, AOC No. 2, 
and for all other nonresidential receptors were within or below EPA's target cancer risk range. 
HIS were also below 1, indicating no adverse noncarcinogenic health effects are expected. 

HIS and cancer risk estimates for offsite residents were negligible. 
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Concentrations of chlorinated solvents in UHSU groundwater in AOC No. 1 would pose an 
unacceptable risk if directly ingested. However, direct ingestion of groundwater is an 
incomplete exposure pathway for all current and possible future receptors in OU-2. 
Therefore, chemicals in groundwater do not pose a risk to human health under current and 
possible future land use scenarios. 
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TABLE H5-8 
SUMMARY OF AIR CONCENTRATIONS OF CHEMICALS OF CONCERN 

CONSTRUCTION SCENARIO 

Chemical of Concern AOC No. 1 AOC No. 2 
Aroclor-1254 (mg/m3) 4.15E-09 - 
Aroclor-1260 (mg/m3) 3.25E-09 - 
Bis(2ethylhexyl)phthalate (mg/m3) 3.39E-09 1.62E-09 

cadmium (mg/m3) 1.35E-11 5.54E-09 
chromium (mg/m3) 1.89E-07 1.93E-07 

~mericium-241 (pci/m3) 4.12E-04 2.13E-05 
~lutonium-239/240 @ci/m3) 1.13E-02 1.53E-04 
Uranium-233, -234 @Ci/m3) 9.29E-09 1,36E-08 

Uranium-238 (pCdm3) 9.82E-09 1.25E-08 

Arsenic (rng/m? 7.12E-11 1.34E-10 

Mercury (mg/m3) 1.3OE-11 - 

Uranium-235 @Ci/m3) 7.92E-10 7.92E- 10 

NOTE: 
m e  construdion scenarw includes air impads from wind erosion of surfme soil in the AOC; wind 
erosion from subsurface soil in a IO-asre excavation, and emhions from heavy comtruction 
activities Concentrations are based on the maximums ofjive annual simulatiDnsfrom 1989 
through 1993. See Appendix G for more detail 

- Not detected in this area. 
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TABLE H5-13 
ESTIMATED FRACTION OF HOMEGROWN PRODUCE 

AFFECTED BY DEPOSITION 

50th Percentile Weighted 
Homegrown Y O  Homegrown 

Produce Intake Individuals Intake 
Category @day) (1) Consuming (1) &/day) 

Rawvepetables 
5.5 

2.7 5 0.1 

0.7 8.5 0.1 

Choked vegetables 

4 9.8 0.4 
Corn 60.9 25 
LimaBeans 21.8 2.8 

PeaS 22 (2) 2.9 
Mixed Veg 15.5 (2) 3.4 

15.2 
0.6 
0.5 
0.6 

. .  2.6 . .  . . Green peas 18.3 * 

0.3 ... sweet potatoes 6.7 4.1 

Ratio e m d t o t a l  0.3 

Grapefruit 
OriUlEeS 

10.1 
4.5 

4.7 
9 

0.5 
0.4 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

CantalOUDe 9.6 3.3 0.3 

Total homegrown fruit intake why) 4.8 

Ratio emsed/total 0.7454 

(1) From Exposure Factors Handbook (USEPA 1989b), Table 2-10. 
(2) Homegrown fraction is not available. Therefore, the amount is estimated using 

50th percentile total average daily intake from Table 2-10 (USEPA 1989b) and assuming 
50 percent is homegrown. 

Exposed edible surface 
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G code: 

H code: 

The chemical is not a radionuclide or carbonate, and the value in the 
result field (reported concentration) is zero. These same records were 
not accompanied with a U (not detected) qualifier. 

, 
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RV Real Value (based on the evaluation, the reported concentration was deemed 
present in the sample). 

A summary of the evaluation of non-validated B-qualified results is shown in Table J6.3-2. 

J7.0 PARCC PARAMETERS 

The data were assessed using the data quality indicators of PARCC. Section J2.0 defined the 
baseline for data quality established under the site-wide QAPjP, and Section J3.0 summarized 
the project-specific CDQOs for OU-2. Section 57.1 defines the PARCC parameters, and 
describes how they were applied to the OU-2 data. Section J7.2 provides the results of the 
PARCC assessment. 

57.1 PARCC DEFINITION 

Precision is a quantitative measure that refers to the reproducibility among replicate 
measurements of a single chemical. 

s expressed as the relative percent difference (RPD) between 
the measured concentration of a chemical in a sample and sample duplicate. 
may refer to laboratory control samples or field duplicate samples. Seetien ?? . .  2 ! ByBkwfes 

Accuracy is a quantitative measure that refers to the degree of difference between the 
measured and true value. The closer to the true value (or concentration), the more accurate 
the measurement. Accuracy, or bias of a laboratory analysis, is evaluated by analyzing 
standards of a known concentration both before and during sample analysis (e.g., initial 
calibrations, continuing calibration, and laboratory control samples). Accuracy is also 
evaluated by spiking a sample with a known quantity of a chemical and comparing the actual 
to the expected recovery. Similarly, any bias introduced by laboratory contaminants are 
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detected during the method blank analysis. Accuracy may refer to laboratory control samples 
(e.g., blank spike) or field samples (e.g., matix spike, surrogate spike). Section 57.2.2 
discusses the accuracy of analytical results for OU-2 only in terms of the validation reason 
codes that were assigned during the validation process. Therefore, accuracy is assessed for 
only those data that were validated. 

Representativeness is a qualitative measure of data quality defined by the degree to which the 
data accurately and precisely represent a characteristic of a population, parameter variations 
at a sampling point, a process condition, or an environmental condition. The possible 
introduction of contaminants into OU-2 environmental samples during collection and handling 
is evaluated using data obtained from equipment rinsate blanks and t i p  blanks. Also 
included in this evaluation is a discussion regarding possible toluene contamination 
originating from electrical tape that was used during the borehole sampling process. Details 
of this evaluation are presented in Section J7.2.3. 

Comparability is a qualitative measurement that expresses the confidence with which one data 
set can be compared to another data set measuring the same property. Comparability can be 

- 
optimized through the use of established and approved analytical methods, consistency in the 
basis of analysis (e.g., dry weight and volume), consistency in reporting units (e.g., parts per 
billion [ppb] and ppm), and analysis of standard reference materials. Likewise, comparability 
is optimized through the use of established and approved sampling methods. Differences in 
field and laboratory procedures can greatly affect comparability. Comparability is assessed 
in Section J7.2.4 primarily by referring to the consistency of analytical methods used for 
ou-2. 

Completeness is a quantitative measure of how much usable data were obtained from a 
sampling program. Completeness has been expressed in terms of the percentage of data 
returned from the laboratory, the percentage of validated data returned from the validation 
contractor, and the percentage of data that were accepted during validation. These 
percentages have been calculated for OU-2, and the results are discussed in Section J7.2.5. 
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57.2 PARCC ASSESSMENT 

The following sections describe the OU-2 data that were evaluated for each PARCC 
parameter, identify advisory criteria given in the workplan, and summarize the conclusion of 
the PARCC assessment. Subsections J7.2.1, J7.2.2, J7.2.3, J7.2.4, and 57.2.5 present 
precision, accuracy, representativeness, comparability, and completeness, respectively. 

57.2.1 Precision 

Precision was assessed by evaluating the RPDs for field duplicate samples collected at OU-2 

Advisory RPDs for field duplicates were given ..................................................... -----.- ....................................... ~ 

in the OU-2 workplan as 30 percent for aqueous samples and 40 percent for non-aqueous 
samples (EG&G 1991~). These limits are similar to those set for laboratory control samples 
and cannot be strictly applied to environmental samples because of the natural matrix variance 
that may exist in field samples. Therefore, for the purpose of this discussion, the RPD values 
of 30 and 40 percent were referred to as advisory limits. The results of the pewm@#@ 

assessment are presented by parameter group in subsections J7.2.1.1 through J7.2.1.6. The 
results show that the advisory limits for the field duplicate data were not consistently met; 
however, this does not affect the quality or usability of the data. 

The RPD values were calculated using the following equation: 

Relative Percent Difference = S - D  Xloo 
S + D  

2 

where 

S = Reported concentration of analyte in the field sample (REAL) 
D = Reported concentration of analyte in the field duplicate (DUP) 
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Only data that were rejected during validation were removed from the dataset before 
calculating the RPDs; all other field duplicate data were used. There were several instances 
of missing results for one of the field duplicate pairs @e., either the REAL [SI or DUP [D]) 
and a RPD value could not be calculated. In these instances, an NA (not applicable) was 
placed in the RPD column. The RPD computations for the field duplicate samples are 
presented in Appendix J1 data tables. 

' 

As shown in Table 57.2-1, the sample population @e., the number of available field duplicate 
records) was generally greatest for subsurface soils, then groundwater, surface soils, seep 
sediments, and seep surface waters. 

sediment locations 

As presented in this section, the results of the field duplicate RPDs generally fall into one of 
the following three categories: The RPDs that exceeded advisory limits were caused by 
reported concentrations very near or below the associated SQL for one or both of the 
measured analytes (e.g., the S and D values). The RPDs exceeded the advisory limit because 
of.measured concentrations that were high enough to necessitate a dilution. The RPDs 
exceeded the advisory limits but the reason was not readily apparent (i.e., variability indicates 
a non homogeneous sample, an anomalous matrix, or poor sampling and/or analytical 
precision). 

The RPD computations for each field duplicate are located in Appendix J1. Table J7.2-1 
summarizes the percentage of RPDs that were within advisory limits for each media sampled. 
Table 57.2-2 shows the analytes that had precision values that exceeded advisory limits. ate 

(4040-1041 -004 I-S10)@4-APXJ)( l0/2/9S 5:17 prn)(7) 5-28 



~ 

rovide an overview, by analyte group, 
of the precision assessment. 

57.2.1.1 

-&dues for pesticidePCBs were within the advisory limits for surface soils, 
subsurface soils, groundwater, and seep sediments. An exception was noted for one 
occurrence each of Endosulfan I and Aroclor-1254 exceeding the RPD in seep sediment 
samples. The high RPD for Endosulfan I was attributable to reported concentrations very near 
or below the SQL. The reason for the variability of Aroclor-1254 was not readily apparent. 
Although surface waters were analyzed for pesticidePCBs, no associated field duplicate 
pesticide/PCB data were available. 

. .  

,. . .  -dues for semivolatiles in all matrices with available field duplicate data were 
generally within advisory limits. Exceptions include some instances of PAHs and phthalate 
esters, and two occurrences of benzoic acid in surface soils. The high RPDs for these 
compounds were attributable to reported concentrations very near or below the SQL. 
Although surface waters were analyzed for SVOCs, there were no associated field duplicate 
semivolatile data were available for seep surface waters. 

J7.2.13 

. .  -&lues for VOCs in non-aqueous matrices were within advisory limits, with 
the exception of several instances of acetone, methylene chloride, and toluene. One or two 
occurrences each of 1 ,a-dichloroethene, chloroform, tetrachloroethene, total xylenes, and 
trichloroethene exceeded the RPD limit for non-aqueous matrices. The high RPDs occurred 
in subsurface soils and seep sediments and were mostly attributable to reported concentrations 
very near or below the SQL. The reason for variability in toluene RPDs was not readily 
apparent. Surface soils were not analyzed for VOCs. 

. .  e B a l u e s  for VOCs in water samples were within advisory limits, with the 
exception of three occurrences each of carbon tetrachloride (CCI,), chloroform (CHCI,), 
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methylene chloride (CHCl,), and tetrachloroethene (PCE), and fewer occurrences of 
1,l-dichloroethene (1,l-DCE) and trichloroethene (TCE) in groundwater. There were two 
instances of CHCl, and one occurrence of CCI, that exceeded the RPD limit because of 
measured concentrations that necessitated a dilution. There was one occurrence each of CCI, 
and PCE, where the reason for variability was not readily apparent. The other high RPD 
values as well as one instance of 1,l-dichloroethane (1,l-DCA) in seep surface water were 
attributable to reported concentrations very near or below the SQL. 

57.2.1.4 

. .  -#&dues for metals showed a higher degree of variability (i.e., analytes 
exceeding the advisory RPD limit) than those for organic chemicals. Tables J7.2.1-1 and 
J7.2.1-2 show that, with the exception of filtered and unfiltered metals for groundwater, 

values for filtered and unfiltered seep surface waters showed less v-ariability than those for 
subsurface soils but greater variability than seep sediments and surface soils. 

. .  subsurface soils had the lowest percentage of RPDs within advisory limits. A 

For subsurface soils, analytes that exceeded the RPD limit because of reported concentrations 
very near or below the SQL included As, Be, Cs, Coy Li, Hg, Mo, Ni, Sr, and Sn. The 
reason for variability for AI, Ba, Ca, Coy Fe, Mg, Mn, Ni, K, and Si was not readily apparent. 
However, occurrences of high concentrations of Al, Ba, Ca, Coy Fe, Mg, Mn, Ni, K, and Si 
may have necessitated dilutions. 

For unfiltered groundwater, analytes that exceeded the RPD limit due to reported 
concentrations very near or below the SQL included As, Be, Coy Cr, Li, Mo, Ni, Se,.Sr, Sn, 
and Zn. The reason for variability for Al, Ca, Fey Pb, Mg, Mn, K, Na, and V was not readily 
apparent. However, occurrences of high concentrations of Al, Ca, Fe, Mg, Mn, K, Na, Si, 
and Sr may have necessitated dilutions. 

For filtered groundwater, analytes that exceeded the RPD limit due to reported concentrations 
very near or below the SQL, included AI, As, Co, Cu, Li, Mo, Ni, Pb, Se, Sn, V, and Zn. 
The reason for variability for Fe, Mn, K, and Na was not readily apparent. However, 
occurrences of high concentrations of Fe, Mn, K, and Na may have necessitated dilutions. 
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For surface soils, analytes that exceeded the RPD limit due to reported concentrations very 
near or below the SQL included Ag, Ni, and Sn. The reason for variability for Cr, Mn, Ba, 
Fe, and Si was not readily apparent. However, occurrences of high concentrations of Fe and 
Si may have necessitated dilutions. 

For sediment samples, analytes that exceeded the RPD limit due to reported concentrations 
very near or below the SQL included Sn. The reason for variability for Ca, Mo, Si, and Sr 
was not readily apparent. However, occurrences of high concentrations of Ca, Si, and Sr may 
have necessitated dilutions. 

For unfiltered seep surface waters, analytes that exceeded the RPD limit due to reported 
concentrations very near or below the SQL included Pb only. The reason for variability for 
AI, Ca, Mg, K, and Na was not readily apparent. However, occurrences of high 
concentrations of Ca, Mg, K, and Na may have necessitated dilutions. 

For filtered seep surface waters, no analytes exceeded the RPD limit due to reported 
concentrations very near or below the SQL. f i e  reason for variability for Ca, Fe, Mg, K, Na, 
and Zn was not readily apparent. However, occurrences of high concentrations of Ca, Mg, 
K, and Na may have necessitated dilutions. 

57.2.1.5 

. .  -&lues for inorganics showed a high degree of variability in surface soils and 
groundwater. Only four field duplicate records were available for surface soils inorganics, 
and three of the calculated RPDs exceeded the limit of forty percent (40%). The reason for 
variability for those three analytes (Table J7.2-2) was not readily apparent. However, high 
concentrations indicated that dilutions may have been necessary. For groundwater, one 
analyte that exceeded the RPD limit due to reported concentrations very near or below the 
SQL was cyanide. The reason for variability for the other analytes listed in Table J7.2-2 was 
not readily apparent. Several occurrences of high concentrations of TSS, bicarbonate, and 
chloride may have necessitated dilutions. There was very little variability for inorganics in 

subsurface soil, seep surface water, and seep sediment. 
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57.2.1.6 

. .  I -&dues for radionuclides were consistently more variable (Le., showed the 
lowest percentage of RPD values within advisory limits) for all media sampled. Low RPD 
values have generally been attributed to analytical variability inherent in radiochemistry. 
Examples of this include counting errors and detector efficiency. Due to variability in 
isotopic particle size and specific activity, analytical difficulties are also encountered in 
attempting to prepare two representative aliquots for the same sample. As with the other 
chemical groups, many of the high RPD values were attributable to reported activity levels 
(Le., pCi/G, pCi/L) that were very near or below the minimum detectable activity (MDA). 
Finally, there were several cases where activity levels were reported as a negative number. 
In these cases, only one value in the RPD equation was a negative number (i.e., either the 
REAL (S) or DUP (D)), causing the RPD value to be extraordinarily high. 

(4010- IO4 1-004 I-Sl0)(R4-APXr)(lO/ZY/Us 5 I7 pm)(7) 5-3 2 
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sample was evaluated using the 5410x rule for blank contamination, as established in the 
EPA CLP National Functional Guidelines for Organic Data Review (1991a). The common 
laboratory contaminants methylene chloride, 2-butanone, acetone, and phthalate esters were 
evaluated using the lox rule, and other contaminants were evaluated using the 5x rule 
(Section 6.3.2.1). If the analyte of interest in the REAL sample had a reported concentration 
greater'than or equal to the 54lOx criteria, then the contaminant was deemed present in the 
sample and no qualification was necessary. If the analyte of interest was less than the 5 4 1 0 ~  
criteria, then the contaminant was deemed an artifact of the sampling procedure (i.e., not 
present in the sample), and the reported concentration was qualified ND (not detected). 

For OU-2, instances of ammonia, nitratehitrite, and total xylenes met the 3x criteria in the 
RNS samples. Ten subsurface soils were qualified ND for ammonia, one subsurface soil 
qualified ND for nitratehitrite, and one subsurface soil qualified ND for total xylenes. Table 
J7.2-3 shows the REAL samples and associated concentrations of ammonia, nitratehitrite, and 
total xylenes that were qualified ND. 

- 
Trip blanks were used to assess possible contamination originating from sample transport to 
and from the field and laboratory. Trip blanks were not collected for all of the OU-2 
sampling programs. & . .  

Toluene concentrations in subsurface soils and seep sediments are considered suspect because 
the sampling SOP (SOP# GT.2) that was followed during the OU-2 investigation. The SOP 
specified collecting discrete soil samples in a stainless steel liner, capped with teflon and 
plastic caps, and sealed with black electrical tape. Analytical data revealed that toluene was 
consistently detected in subsurface soils but not in the OU-2 groundwater or surface soils. 
Likewise, the equipment rinsate blanks and laboratory me'thod blanks associated with the 
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Table 54-1 
Assessment of Data PrecisionSampling Variability' 

Appendix J4 

Unfiltered Filtered PesIicidedP 
Media Metal Metals URads FRad voc svoc C B S  

Subsurface Soil 4/29 NA 1/13 NA 0136 0165 OD7 

surfkce soil 5/29 NA 7/12 NA NA 0165 OD7 

UHSU Groundwater 0159 on9 9/11 411 1 0169 0166 Of27 

Note: 
e, where x = the number of OU-2 data sets that failed to meet the minimum sample size requirements, and 
y = the total number of data sets within the medium-dyte group. 

l -  
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Table 5-16 
Estimated Fraction of Produce Affected by Deposition 

50th Weighted 
Percentile % Daily Intake 

Produce Homegrown Individuals Homegrown 

Raw vegetables 
Category g/daY (1) consuming (1) g/&y 

whitepotatoes . . . . . . 7.4 . . . . 74.4 5.5 

2.7 5 0. I 

onions 0.7 8.5 0.1 

Cookedverretables 

carrots 4 9.8 
corn 60.9 25 
Lima Beans 21.8 2.8 

PeaS 22 (2) 2.9 
Green peas 18.3 

Mixed Veg 15.5 (2) 3.4 

0.4 
15.2 
0.6 
0.5 
0.6 
2.6 

sweet potatoes 6.7 4.1 0.3 

. . . . . . . . . 
Ratio exposed/total 0.3 

Fruits 
Grapfiuit 
Oranges 

10.1 - 4.7 0.47 
4.5 9 0.41 

CantalOUDe 9.6 3.3 0.32 

Total homenrown fruit intake, dda~ 4.70 

Ratio expodtotal 0.7454 

(1) From Exposure Factors Handbook (EFH) @PA 1989b), Table 2-10. 
(2) Homegrown fraction is not available in EFH. Therefore, amount is estimated using 

50th percentile total average daily intake from EFH Table 2-10 and assuming 50 
percent is homegrown 
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TABLE 6.8-1 

SUMMARY OF ESTIMATED HEALTH RISKS .FOR AOC No. 1 

Reasonable 
Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
Receptor/Exposure Pathway Risk Index Risk Index 
Current Industrial Worker 

-Ingestion of Surface Soil 2.6E-07 1.8E-04 1.0E-05 l.lE-03 
-Inhalation of Particulates 3.9E07 3.1-6 
-Dermal Contact with Surface Soil 1.3E-08 1.4E-03 5.0E-07 9.0E-03 

Average Exposure 

-External Irradiation from Surface Soil 9.8E-09 l.lEo7 
Total 6.8E-07 1.6E-03 1.4E-05 l.OE-02 

Future Industrial/Ofiice Worker 
-Ingestion of Surface Soil 7.7E-07 5.1E-04 6.1E-05 6.5E-03 
-Inhalation of Particulates 1.8E06 1.8E05 
-Dermal Contact with Surface Soil 4.6E-08 5.2E-03 1.8E-06 3.3E-02 
-Inhalation of VOCs from Infiltration of Soil Gas 1.6E-08 3.9E-12 1.7Eo7 6.5E-12 ~ 

+-External Irradiation from Surface Soil 5.833-08 6.5E-07 
Total 2.6E-06 5.7E-03 8.2E05 ' 3.9E-02 

Future Ecological Worker 
-Ingestion of Surface Soil 9.4E-07 1.0E-03 3.4E-06 3.6E-03 
-Inhalation of Particulates 4.3E07 8.lE07 

1.9E-02 -Dermal Contact with Surface Soil 1.9E-08 3.4E-03 l.lE-07 
-Ingestion of Surface Water/Sediment 1.2E-10 3.3E-06 1.0E-09 2.8E-05 
-Dermal Contact with SurEace WatedSedirnent 3.5E-09 1.6E-04 6.0E-09 2.7E-04 
-External Irradiation from Surface Soil 1.7E-08 2.1E-08 

Total 1.4E06 4.6E-03 4.3E06 2.3E-02 

Open Space Use 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 1.7E-07 8.8E-06 
-Ingestion of Surface Soil Child (Noncarcinogenic) 3.7E-04 6.1E-03 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 4.2E-05 6.5E-04 
-Inhalation of Particulates 5.0E08 2.3E06 

' -Demal Contact with Surface Soil 7.4E-10 3.8E-05 2.7E-07 4.1E-03 
-Ingestion of Surface Water/Sediment 3.9E-10 2.9E-06 1.6E-08 3.5E-05 
-Dermal Contact with Surface WatedSediment 2.2E-09 2.7E-05 8.9E-08 3.3E-04 
-External Irradiation from Surface Soil 3.2E-09 6.5E-08 

Total 2.3E07 4.7E-04 1.2EOS 1.1E-02 

Future Construction Worker 
-Ingestion of Subsurface Soil 
-Inhalation of Particulates 
-Dermal Contact with Subsurface Soil 

1.7E-02 2.5E-08 3.1E-03 1.4E-07 
1.2E-10 1.5E07 1.5ElO 1.2E07 

5.6E-09 7.5E-04 3.1E-08 4.2E-03 
-External Irradiation from Subsurface Soil 1.2E-09 1.6E-09 

Total 1. SE-0 7 3.8E-03 3.2E07 2.2E-02 

Shest I of 7 (4040-ISM-0098-862XR7T68-1 XL2)(AOC No 1)(9/2W95 3 30 PM) 



TABLE 6.8-1 
SUMMARY OF ESTIMATED HEALTH RISKS FOR AOC No. 1 

Reasonable 
Average Exposure Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
Receptor/Exposure Pathway Risk Index Risk Index 
Hypothetical Resident 

-Ingestion of Surface Soil Child/Adult (Carcinogenic) 1.8E-05 2.5E-04 

-Ingestion of Surface Soil Adult (Noncarcinogenic) 3.9E-03 1.8E-02 
-Inhalation of Particulates 8.8E06 9.3E05 
-Dermal Contact with Surface Soils 7.4E-08 3.7E-03 7.7E-06 1.2E-01 

1.4Ei-02 -Ingestion of Groundwater 2.6E-04 2.0Ei-01 6.2E-03 
-Inhalation of VOCs from Infiltration of Soil Gas 8.1E-08 8.6E-12 6.4E-07 
-Inhalation of VOCs from Groundwater Use 1.5E-04 8.5E-05 1.2E-03 2.0E-04 
-Ingestion of Garden Produce (Root Uptake) 1.1E-06 1.6E-02 1.3E-05 5.5E-02 
-Ingestion of Garden Produce (Deposition) 1.4E-07 4.0E-05 3.3E-06 2.9E-04 
-Ingestion of Surface WaterISediment 3.1E-10 2.3E-06 1.9E-08 4.2E-05 
-Dermal Contact with Surface WaterISediment 8.93-09 1.1E-04 2.1E-07 7.9E-04 

-Ingestion of Surface Soil Child (Noncarcinogenic) 4.7E-02 1.7E-01 

2.1E-11 

-External Irradiation from Surface Soil 3.5E-07 3.7E-06 
Total 4.4E-04 2.0Ei-O 1 7.7E-03 1.4E+02 

Notes: 

Changes from draft final to final are shown in italicdbold 
Chemical- and pathway specific results are detailed in Attachment H3. 
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TABLE 6.8-2 
SUMMARY OF ESTIMATED HEALTH RISKS FOR 

MAXIMUM EXPOSURE AREAS 

Reasonable 
Average Exposure Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
Receptorhposure Pathway Risk Index R i s k  Index 
Hypothetical Resident (10 Acres) 

-Ingestion of Surbce Soil ChildAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 
-Dermal Contact with Surface Soils 
-Ingestion of Groundwater 
-Inhalation of VOCs from Inliltration of Soil Gas 
-Inhalation of VOCs from Groundwater Use 
-Ingestion of Garden Produce (Root Uptake) 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface WatedSediment 
-Dermal Contact with Surface WatedSediment 
-External Irradiation from Surface Soil 

Total 

Future IndustriaUOffice Worker (30 Acres) 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Dermal Contact with Surface Soil 
-Inhalation of VOCs from Infiltration of Soil Gas 
-External Irradiation from Surface Soil 

Total 

Future Ecological Worker (50 Acres) 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Dermal Contact with Surface Soil 
-Ingestion of Surface WaterISediment 
-Dermal Contact with Surface Water/Sediment 
-External Irradiation from Surface Soil 

Total 

1.0E-05 

3.5E-06 
2.2E-11 
4.3E-04 

5.7E-04 
9.2E-07 
5.5E-08 

8.9E-09 
9.5E-07 
1.1E-03 

1.3E-10 

3.1E-10 

1.7E-06 

9.0E-08 
3.4E-06 

5.7E-11 
1.4E-07 
5.3E06 

1.5E-06 
6.0607 
3.2E-08 

3.4E-09 
3.4E-08 

1.2E-10 

2.lE-06 

1.5E-04 
1.2E-05 

6.0E-07 
2.3E-H)l 
1.2E-09 
2.1E-02 
6.8E-04 
8.9E-08 
2.3E-06 
1.1E-04 

2.3E+01 

1.0E-03 

1 .OE-02 
l.lE-09 

1.1E-02 

1.7E-03 

5.8E-03 
3.3E-06 
1.4E-04 

7.6E-03 

1.4E-04 

3.7E05 
2.2E-09 
1.0E-02 
1.1E-09 
4.5E-03 
1.0E-05 
1.3E-06 
1.9E-08 
2.1E-07 
1.0E-05 
1.5E-02 

1.4E-04 
3.5E0.5 
3.6E-06 

1.5E-06 
1.8E04 

5.9E-10 

5.2E-06 
l . l E 0 6  
1.8E-07 
1.0E-09 
5.9E-09 
4.2E-08 
6.5E06 

5.4Ei-04 
5.8E-05 

1.9E-05 
1.6E4-02 
2.8E-09 
5.0E-02 
2.4E-03 
6.4E-07 
4.2E-05 
7.9E-04 

1.6EH2 

1.3E-02 

6.5E-02 
1.8E-09 

7.8E-02 

6.1E-03 

3.2E-02 
2.8E-05 
2.6E-04 

3.9E-02 

Notes: 

Changes from draft final to final are shown in italicdbold 
Chemical- and pathway specific results are detailed in Attachment H3 



TABLE 6.8-3 
SUMMARY OF ESTIMATED HEALTa RISKS FOR AOC NO. 2 

Reasonable 
Average Exposure Maximum Exposure 

Receptor/Exposure Pathway Risk Index Risk Index 
Current Industrial Worker 

-Ingestion of Surface Soil 3.7E-09 2.4E-07 1.5E-07 1.6E-06 
-Inhalation of Partidates 5.8E-09 4.6E-08 
-Dermal Contact with Surface Soil 7.9E-13 4.9E-08 3.1E11 3.1E-07 

Carcinogenic Hazard Carcinogenic Hazard 

-External Irradiation from Surface Soil 4.6E-10 5.2E-09 
Total 9.9Eo9 2.9E-07 2.0W7 1.9E-06 

Future IndustriaYOffice Worker 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Dermal Contact with Surface Soil 
-Inhalation of Basement Vapors 

1.1E-08 7.2E-07 8.5E-07 9.1E-06 
2.6E08 2.7E07 
2.9E-12 1.8E-07 l.lE-10 l.lE-06 

1.4E-11 1.1E-14 8. 5E-12 l.lE-13 
-External Irradiation from Surface Soil 2.7E-09 3.1E-08 

Total 3.9608 9.0E-07 1.2E06 1 .OE-05 

Future Ecological Worker 
5.0E-06 

-Inhalation of Particulates 6.3E-09 1.2E-08 
-Dermal Contact with Surface Soil 1.2E-12 1.2E-07 6.6E- 12 6.6E-07 
-Ingestion of Surface WatedSediment 1.2E- 10 3.3E-06 1.0E-09 2.8E-05 
-Dermal Contact with Surface WatedSediment 3.5B-09 1.6E-04 6.0E-09 2.7E-04 
-External Irradiation from Surface Soil 8.2E-10 1.0E-09 

Total 2.4E08 1.6E-04 6.7E-08 3 .OE-04 

-Ingestion of Surface Soil 1.3E-08 1.4E-06 4.7E-08 

Open Space Use 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Dermal Contact with Surface Soil 
-Inhalation of Particulates 
-Ingestion of Surface WatedSediment 
-Dermal Contact with Surface WatedSediment 
-External Irradiation from Surface Soil 

Total 

Future Construction Worker 
-Ingestion of Subsurface Soil 
-Inhalation of Particulates 
-External Irradiation from Subsurface Soil 

Total 

2.3E-09 

4.7E- 14 
7.3E-10 

2.2E-09 

5.8&09 

3.9E-10 

1.5E- 10 

2.5E-08 
1.8B09 
1.5E-09 
2.8E-08 

5.1E-07 
5.8E-08 
1.3E-09 

2.9E-06 
2.7E-05 

3.1E-05 

3.2E-03 

3.2E-03 

1.2E-07 

1.E-11 
3.4E08 
1.6E-08 
8.9E-08 
3.OE-09 
2.6E-07 

1.4E-07 
2.2E09 
1.9E-09 
1.4E-07 

8.5E-06 
9.1E-07 
1.4E-07 

3.5E-05 
3.3E-04 

3.8E-04 

1.8E-02 

1.8E-02 



TABLE6.8-3 
SUMMARY OF ESTIMATED HEALTH RISKS FOR AOC NO. 2 

Reasonable 
Average Exposure Maximum Exposure 

ReceptodExposure Pathway Risk Index Risk Index 
Carcinogenic Hazard Carcinogenic Hazard 

Hypothetical Resident 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 
-Dermal Contact with Surface Soils 
-Ingestion of Groundwater 
-Inhalation of VOCs from Infiltration of Soil Gas 
-Inhalation of VOCs from Groundwater Use 
-Ingestion of Garden Produce (Root Uptake) 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface WatedSediment 
-Dermal Contact with Surface WatedSediment 

2.53-07 

1.3E07 
4.6E-12 
3.1E-07 

3.1E-08 
2.0E-08 
2.0E-09 

8.9E-09 

5.6E-14 

3.1E-10 

6.5E-05 
5.5E-06 

1.3E-07 
6.0E-04 

2.0E-05 
1.5E-04 
6.0E-08 
2.3E-06 
1.1E-04 

1.9E-11 

3.4E-06 

1.4E06 

7.4E-06 

2.5E-07 
2.0E-07 
4.9E-08 
1.9E-08 
2.1E-07 

4.8E- 10 

4.5E-13 

2.4E-04 
2.6E-05 

4.0E-06 
4.3E-03 

4.9E-05 
5.4E-04 
4.3E-07 
4.2E-05 
7.9E-04 

4.5E-11 

-External Irradiation from Surface Soil 1.6E-08 1.7E-07 
Total 7.6E07 9.6E-04 1.3E05 6.0E-03 

Notes: 

Changes from draft final to final are shown in italicshld 
Chemical- and pathway specific results are detailed in Attachment H3. 
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TABLE 6.8-4 
SUMMARY OF ESTIMATED HEALTH RISKS FOR OFFSJTE RESIDENTS 

I Reasonable 
Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 

Receptorkposure Pathway Risk Index . Risk Index 

Average Exposure 

AOC No. 1, Current Resident, Southeast 
-Ingestion of Surface Soil ChildlAdult (Carcinogenic) 0 '  0 
-Ingestion of Surface Soil Child (Noncarcinogenic) 0 0 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 0 0 
-Inhalation of Particulates 1.4E09 0 1.5E08 0 
-Dermal Contact with Surface Soil 0 0 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 0 0 

Total 1.4E09 0 1.5E08 0 

AOC No. 1, Current Resident, Indiana South 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 0 0 
-Ingestion of Surface Soil Child (Noncarcinogenic) 0 0 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 0 0 
-Inhalation of Particulates 0 0 0 0 
-Dermal Contact with Surface Soils 0 0 0 0 
-Ingestion of Garden Produce (Deposition) 0 . o  0 0 

Total 0 0 0 0 

AOC No. 1, Future Resident, Walnut 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 0 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 0 
-Dermal Contact with Surface Soil 0 

0 
-Ingestion of Surface WatedSediment 4.8E-11 

7.7E-09 
Total 7.7E-09 

-Ingestion of Garden Produce (Deposition) 

-Dermal Contact with Surface WatedSediment 

0 
0 
0 
0 0 
0 0 
0 0 

1 SE-06 2.9E-9 
8.4E-05 1.8E-07 
8.5E-05 1.8E-07 

AOC No. 1, Future Resident, Woman 
-Ingestion of Surface Soil ChiWAdult (Carcinogenic) 0 0 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 

-Dermal Contact with Surface Soil 0 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 0 

0 
0 

-Inhalation of Particulates 8.3&10 0 8.7E-09 

-Ingestion of Surface WatedSediment 2.m-10 8.OE-07 1.6E-08 
-Dermal Contact with Surface Water/Sediment 1.3E-09 2.8E-05 3.1E-08 

Total 2.4E-09 2.9E-05 5.5E-08 

' Hazard/risk estimates reported as 0 indicate that no air or depositional impacts were predicted by air 
modeling (see Section H5.5.2). 

0 
0 
0 
0 
0 

2.8E-05 
5.9E-04 
6.2E-04 

0 
0 
0 
0 
0 

1.5E-05 
2.0E-04 
2.1E-04 
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TABLE6.8-4 
SUMMARY OF ESTIMATED HEALTH RISKS FOR OFFSITE RESIDENTS 

Reasonable 
Average Exposure Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
Receptor/Exposure Pathway Risk Index Risk Index 

AOC No. 2, Current Resident, Southeast 
1.E-12 -Ingestion of Surface Soil Child/Adult (Carcinogenic) 

-Ingestion of S h c e  Soil Adult (Noncarcinogenic) 2.8E-12 1.3E-11 

1.2E-13 
-Ingestion of Surface Soil Child (Noncarcinogenic) 3.3E-11 1.2E-10 

-Inhalation of Particulates 5.7EIl 0 6. O E l O  0 
-Dermal Contact with Surface Soil 2.4E-18 6.5E-14 2.4E-16 2.OE-12 ~ 

-Ingestion of Garden Produce (Deposition) 2.6E-12 7.9E-11 6.3E-11 5.m-10 
Total 6.0Ell  LlE-10 6.7ElO 7.OE-LO 

AOC No. 2, Current Resident, Indiana South 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 0 0 
-Ingestion of Surface Soil Child (Noncarcinogenic) 0 0 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 0 0 
-Inhalation of Particulates 8.6E-13 0 9.1E12 0 
-Dermal Contact with Surface Soils 0 0 0 0 
-Ingestion of Garden Produce (Deposition) 

-Ingestion of Surface Soil ChildAdult (Carcinogenic) 

0 
Total 8.6613 

AOC No. 2, Future Resident, Walnut 
0 

-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 2.6E12 
-Dermal Contact with Surface Soil 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface Water/Sediment 4.8E-11 

0 
0 

0 0 0 
0 9.1612 0 

O.OE+OO 
0 0 
0 0 
0 2.7E11 0 
0 0 0 
0 0 0 

1.5E-06 2.9E-09 2.8E-05 
-Dermal Contact with Surface WatedSediment 7.6E-09 8.4E-05 1.8E-07 6.0E-04 

Total 7.7E-09 8.5E-05 1,8E-07 6.2E-04 

AOC No. 2, Future Resident, Woman 
1.7E-12 -Ingestion of Surface Soil ChildAdult (Carcinogenic) 1.2E-13 

-Ingestion of Surface Soil Child (Noncarcinogenic) 3.3E-11 1.2E-10 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 2.8E-12 1.3E-11 
-Inhalation of Particulates 3.2611 0 3.4E10 0 
-Dermal Contact with Surface Soil 2.4E- 18 6.5E-14 2.4E- 16 2.OE-12 
-Ingestion of Garden Produce (Deposition) 2.6E-12 7.9E-11 6.3E-11 5.7E-10 
-Ingestion of Surface Water/Sediment 2.E-10 8.0E-07 1.6E-08 1.5E-05 
-Dermal Contact with Surface WatedSediment 1.3E-09 2.8E-05 3.1E-08 2.0E-04 

Total 1.6E-09 2.9E-05 4.7E-08 2.1E-04 

Notes: 

Changes from dr& final to final are shown in italicshld 
Chemical- and pathway-specific results are detailed in Attachment H3. 
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TABLE 6.9-2 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE 

FOR ONSITE RECEPTORS 

Reasonable 

Receptor/Exposure Pathway (mredyear) (mredyear) 
Average Exposure Maximum Exposure 

Current Worker 
-AOCNo. 1 
-AOC NO. 2 

Future IndustriaVOffice Worker 
-AOCNo. 1 
-30-Acre Maximum Exposure Area in AOC No. 1 
-AOC NO. 2 

Future Ecological Worker 
-AOCNo. 1 
-50-Acre Maximum Exposure Area in AOC No. 1 
-AOC NO. 2 

Future Open Space Use 
-AOCNo. 1 
-AOC NO. 2 

Future Construction Worker 
-AOCNo. 1 
-AOC NO. 2 

Future Resident 
-AOCNo. 1 
-10-Acre Maximum Exposure Area in AOC No. 1 
-AOC NO. 2 

1. OEM0 
LIE-02 

4.8Ei-00 
9.6Ei-00 
1.OE-01 

2.2Ei-00 
3.4Ei-00 
5.2E-02 

8.5E-02 
2.3E-03 

l.OEi-00 
3.1 E-02 

1.3Ei-01 
1.7Ei-01 
3.9E-01 

1.7Ei-00 
4.OE-02 

9.8Ei-00 
2.0Ei-01 
2.4E-01 

4.3Ei-00 
6.8Ei-00 
1.lE-01 

l.OEi-00 
2.5E-02 

1.3Ei-00 
%5E-02 

4.2Ei-01 
6.7Ei-01 
1.6Ei-00 

Notes: 

Changes from draft  final to final are shown in italicshold 
Dose calculations are detailed in Attachment H4 
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TABLE 6.9-3 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE FOR 

OFFSITE RECEPTORS 

Reasonable 

Receptor/Exposure Pathway (mredyear) (mredyear) 
Average Exposure Maximum Exposure 

Current Resident, Southeast 
-AOCNo. 1 1.3E03 4.0E03 
-AOC NO. 2 5.6E05 1.8E04 

Current Resident, Indiana South 
-AOCNo. 1 
-AOC NO. 2 

Future Resident, Walnut Cr.hdiana 
-AOCNo. 1 
-AOC NO. 2 

Future Resident, Woman Cr./Indiana 
-AOCNo. 1 
-AOC NO. 2 

0 '  0 
8.4E07 2.6E06 

9.7E-07 1.8E-05 
3.5E06 2.6E05 

7.8E04 2.7603 
4.9E05 4.2E04 

Notes: 

Changes from draft final to final are shown in italics/bold 
Dose calculations are detailed in Attachment H4 

' Radiation dose estimates reported as 0 indicate that no air or depositional impacts were predicted 
by air modeling. (See Section H5.5.2 in Appendix H.) 
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TABLE ES-l* 
SUMMARY OF ESTIMATED HEALTH RISKS 

~ 

Reasonable 
Average Exposure (CT) Maximum Exposure (RME) 

Carcinogenic Hazard Carcinoeenic Hazard 
Risk Index Risk Index 

AOC No. 1** 
Current Worker 
Future IndustriaYOfficer Worker 
Future Ecological Worker 
Future Open Space Use 
Future Construction Worker 
Hypothetical Resident 

7 W 7  2E-03 1E-05 1E-02 
3 W 6  6E-03 8E-05 4E-02 
1E-06 5E-03 4E-06 2E-02 
2E-07 5E-04 1E-05 1E-02 
2 W 7  4E-03 3E-07 2E-02 
4E-04 2Ei-0 1 8E-03 1Ei-02 

Maximum Exposure Areas 
Hypothetical Resident (10 Acres) 1E43 2E4-0 1 2E-02 2Ei-02 
Future IndustriaYOfIicer Worker (30 Acres) 5E-06 1E-02 2E-04 8E-02 
Future Ecological Worker (50 Acres) 2E-06 8E-03 7E06 4E-02 

AOC No. 2** 
Current Worker 
Future IndustriaYOfEicer Worker 
Future Ecological Worker 
Future Open Space Use 
Future Construction Worker 
Hypothetical Resident 

lE08 
4E-08 
2E-08 
6E-09 
3E-08 
8E-07 

3E-07 2E-07 2E-06 
9E-07 1E-06 1E-05 
2E-04 7E-08 3E-04 
3E-05 3E-07 4E-04 
3E-03 1E-07 2E-02 
1E-03 1E-05 6E-03 

Offsite Receptors*** 
Current Resident, Southeast 1E-09 0 2E08 0 
Current Resident, Indiana South 9E13 0 9EI2 0 
Future Resident, Walnut Cr.hdiana 8E-09 9E-05 2E-07 6E-04 
Future Resident, Woman Cr./Indiana 2E-09 3E-05 6508  2E-04 

Note: Changes from draft final to final are shown in italics/bold 
* Same as Table H11-1. 
** Area of concern boundaries are illustrated in Figure H2-1. 
*** Results shown correspond to the higher of estimated ah impacts from AOC No. 1 and AOC No. 2. 
CT = Central Tendency 
RME = Reasonable Maximum Exposure 
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TABLE HS-1 
SUMMARY OF ESTIMATED HEALTH RISKS FOR AOC No. 1 

% 

Reasonable 
Average Exposure Maximum Exposure 

Receptor/Erposure Pathway Risk Index Risk Index 
Current Industrial Worker 

-Ingestion of Surface Soil 2.6E-07 1.8E-04 1.0E-05 1.1E-03 
-Inhalation of Partidates 3.9E-07 3.1E06 
-Dermal contact with Surface Soil 1.3E-08 1.4E-03 5.0E-07 9.0E-03 

Carcinogenic Hazard Carcinogenic Hazard 

-External Irradiation from Surface Soil 9.8E-09 l.lE-07 
Total 6.8E-07 1.6E-03 1.4E-05 1 .OE-02 

Future Industrial/Wce Worker 
-Ingestion of Surface Soil 7.7E-07 5.1E-04 6.1E-05 6.5E-03 
-Inhalation of Partidates H E 0 6  1.8E05 
-Dermal Contact with Surface Soil 4.6E-08 5.2E-03 1.8E-06 3.3E-02 

-External Irradiation from Surface Soil 5.8E-M 6.5E-07 
-Inhalation of VOCs f h m  Infiltration of Soil Gas 1.6E-08 3.9E-12 1.7E-07 6.5E- 12 

Total 2.6E06 5.7E-03 8.2EOS 3.9E-02 

Future Ecological Worker 
-Ingestion of Surface Soil 9.4E-07 1.0E-03 3.4E-06 3.6E-03 

-Dermal Contact with Surface Soil 1.9E-08 3.4E-03 1.1E-07 1.9E-02 
-Ingestion of Surface WatedSediment 1.2E-10 3.3E-06 1.0E-09 2.88-05 
-Dermal Contact with S h c e  WatedSediment 3.5E-09 1.6E-04 6.OE-09 2.7E-04 
-External Irradiation from Surface Soil 1.7E-08 2.1E-08 

Total 1.4E06 4.6E-03 4.3E06 2.3E-02 

-Inhalation of Particulates 4.3E07 8. IE-0 7 

Open Space Use 
-Ingestion of Surface Soil ChildlAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 5.OE08 

1.7E-07 

-Dermal Contact with Surface Soil 7.4E- 10 
-Ingestion of Surface WatedSediment 3.9E-10 
-Dermal Contact with Surface WatedSediment 
-External Irradiation from Surface Soil 

2.2E-09 
3.2E-09 

Total 2.3E07 

Future Construction Worker 
-Ingestion of Subsurface Soil 
-Inhalation of Particulates 
-Dermal Contact with Subsurface Soil 

8.8E-06 
3.7E-04 6.1E-03 
4.2E-05 6.5E-04 

3.8E-05 2.7E-07 4.1E-03 
2.9E-06 1.6E-08 3.5E-05 
2.7E-05 8.9E-08 3.3E-04 

6.5E-08 

2.3E-06 

4.7E-04 1.2E05 1.1 E-02 

2.5E-08 3. lE-03 1.4E-07 1.7E-02 

5.6E-09 7.5E-04 3.1E-08 4.2E-03 
1.2E-0 7 1.2ElO 1. SE-0 7 1.5E-IO 

-External Irradiation from Subsurface Soil 1.2E-09 1.6E-09 
Total 1.SE-07 3.8E-03 3.2E-07 2.2E-02 
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TABLE H8-1 
SUMMARY OF ESTIMATED HEALTH RISKS FOR AOC No. 1 

Reasonable 

Risk Index 

2.5E-04 
1.7E-01 
1.8E-02 

Average Exposure Maximum Exposure 
Carcinogenic Hazard Carcinogenic Hazard 

ReceptodExposure Pathway Risk Index 
Hypothetical Resident 

-Ingestion of Surface Soil CWAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 4.7E-02 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 3.9E-03 
-Inhalation of Particulates 8.8E06 
-Dermal Contact with Surface Soils 7.4E-08 3.7E-03 
-Ingestion of Groundwater 2.6E-04 2.0E+01 
-Inhalation of VOCs fhm Infiltration of Soil Gas 8.1E-08 8.6E-12 

1.8E-05 

-Inhalation of VOCs from Groundwater Use 1.5E-04 8.5E-05 
-Ingestion of Garden Produce (Root Uptake) 1.1E-06 1.6E-02 
-Ingestion of Garden produce (Deposition) 1.4E-07 4.0E-05 
-Ingestion of Surface WatedSediment 3.1E-10 2.3E-06 
-Dermal Contact with Surface WatedSediment 8.9E-09 l.lE-04 

9.3E05 
7.7E-06 
6.2E-03 
6.4E-07 
1.2E-03 
1.3E-05 
3.3E-06 
1.9E-08 
2.1E-07 

1.2E-01 
1.4E4-02 

2.0E-04 
5.5E-02 
2.9E-04 
4.2E-05 
7.9E-04 

2.1E-11 

-External Irradiation from Surface Soil 3.5E-07 3.7E-06 
Total 4.4E-04 2.0E-t-01 7.7E-03 1.4EM2 

Notes: 

Changes from draft final to final are shown in italicshld 
Chemical- and pathway specific results are detailed in Attachment H3. 
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TABLE H8-2 
SUMMARY OF ESTIMATED HEALTH RISKS FOR 

MAXIMUM EXPOSURE AREAS 

Reasonable 
Average Exposure Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
Receptorhposure Pathway Risk Index Risk ' Index 
Hypothetical Resident (10 A m )  

-Ingestion of Surface Soil Child/Adult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 
-Dermal Contact with Surface Soils 
-Ingestion of Groundwater 
-Inhalation of VOCs from Infiltration of Soil Gas 
-Inhalation of VOCs from Groundwater Use 
-Ingestion of Garden Produce (Root Uptake) 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface Water/Sediment 
-Dermal Contact with Surface Water/Sediment 

1.0E-05 

3.5E06 

4.3E-04 
1.3E- 10 
5.7E-04 
9.2E-07 
5.5E-08 ' 

8.9E-09 

2.2E-11 

3.1E-10 

1.5E-04 
1.2E-05 

6.0E-07 
2.3Ei-01 
1.2E-09 
2.1E-02 
6.8E-04 
8.9E-08 
2.3E-06 
l.lE-04 

1.4E-04 

3.7E05 
2.2E-09 
1.0E-02 
l.lE-09 
4.5E-03 
1.0E-05 
1.3E-06 
1.9E-08 
2.1E-07 

5.4E-04 
5.8E-05 

1.9E-05 
1.6Ei-02 
2.8E-09 
5.0E-02 
2.4E-03 
6.4E-07 
4.2E-05 
7.9E-04 

-External Irradiation from Surface Soil 9.5E-07 1.0E-05 
Total 1.1E-03 2.3EMl 1.5E-02 1.6EM2 

Future IndustriaVOffice Worker (30 Acres) 
-Ingestion of Surface Soil 1.7E-06 1.0E-03 1.4E-04 1.3E-02 
-Inhalation of Particulates 3.4E06 3.5E05 

6.5E-02 -Dermal Contact with Surface Soil 9.0E-08 1.0E-02 3.6E-06 
-Inhalation of VOCs from Infiltration of Soil Gas 5.7E-11 l.lE-09 5.9E- 10 1.8E-09 
-External Irradiation fiom Surface Soil 1.4E-07 1.5E-06 

Total 5.3E06 l.lE-02 Z. 8E04 7.8E-02 

Future Ecological Worker (50 Acres) 
1.7E-03 5.2E-06 6.1E-03 -Ingestion of Surface Soil 1.5E-06 

-Inhalation of Particulates 6. OEO 7 Z.lE06 
-Dermal Contact with Surface Soil 3.2E-08 5.8E-03 1.8E-07 3.2E-02 
-Ingestion of Surface WatedSediment 1.2E-10 3.3E-06 1.0E-09 2.8E-05 
-Dermal Contact with Surface WatedSediment 3.4E-09 1.4E-04 5.9E-09 2.6E-04 
-External Irradiation from Surface Soil 3.4E-08 4.2E-08 

Total 2.ZE06 7.6E-03 6.5E-06 3.9E-02 

Notes: 

Changes from draft final to final are shown in italics/bold 
Chemical- and pathway specific results are detailed in Attachment €33. 
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TABLE H8-3 
SUMMARY OF ESTIMATED HEALTH RISKS FOR AOC NO. 2 

Reasonable 
Average Exposure Maximum Exposure 

Receptorhposure Pathway Risk Index Risk Index 
Carcinogenic Hazard Carcinogenic Hazard 

Current Industrial Worker 
-Ingestion of Swface Soil 
-Inhalation of Particulates 
-Dermal Contact with Surface Soil 

3.7E-09 2.4E-07 
5.8Eo9 
7.9E-13 4.9E-08 

1.5E-07 1.6E-06 
4.6E08 
3.1E-11 3.1E-07 

-External Irradiation from Surface Soil 4.6E-10 5.2E-09 
Total 9.9Eo9 2.9E-07 2.0E07 1.9E-06 

Future Industriallofiice Worker 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Dermal Contact with Surface Soil 
-Inhalation of Basement Vapors 

l.lE-08 7.2E-07 8.5E-07 9.1E-06 

2.9E-12 1.8E-07 l.lE-10 l.lE-06 
2.6E08 2.7E-07 

1.4E-11 l.lE-14 8.5E-12 l.lE-13 
-External Irradiation from Surface Soil 2.E-09 3.1E-08 

Total 3.9&08 9.0E-07 1.2E06 1.0E-05 

Future Ecological Worker 
-Ingestion of Surface Soil 1.3E-08 1.4E-06 4.7E-08 5.0E-06 
-Inhalation of Particulates 6.3E09 1.2E08 
-Dermal Contact with Surface Soil 1.2E-12 1.2E-07 6.6E-12 6.6E-07 
-Ingestion of Surface WaterISediment 1.2E-10 3.3E-06 1.0E-09 2.8E-05 
-Dermal Contact with Surface WaterISediment 3.5E-09 1.6E-04 6.0E-09 2.7E-04 
-External Irradiation from Surface Soil 8.2E-10 1.0E-09 

Total 2.4E-08 1.6E-04 6.7E-08 3 .OE-04 

Open Space Use 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 

-Inhalation of Particulates 7.3EZO 

-Dermal Contact with Surface WatedSediment 2.2E-09 

Total 5.8509 

2.3E-09 

-Dermal Contact with Surface Soil 4.7E-14 

-Ingestion of Surface WaterISediment 3.9E-10 

-External Irradiation from Surface Soil 1.5E-10 

1.2E-07 
5.1E-07 8.5E-06 
5.8E-08 9.1E-07 
1.3E-09 1.7E-11 1.4E-07 

3.4E08 
2.9E-06 1.6E-08 3.5E-05 
2.7E-05 8.9E-08 3.3E-04 

3.0E-09 
3.1E-05 2.6E-07 3.8E-04 

Future Construction Worker 
-Ingestion of Subsurface Soil 
-Inhalation of Particulates 

2.5E-08 3.2E-03 1.4E-07 1.8E-02 
1.8EO9 2.2509 

-External Irradiation from Subsurface Soil 1.5E-09 1.9E-09 
Total 2.8E-08 3.2E-03 1.4E-07 1.8E-02 
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TABLE HS-3 
SUMMARY OF ESTIMATED HEALTH RISKS FOR AOC NO. 2 

Reasonable 
Average Exposure Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
ReceptodExposure Pathway Risk Index Risk Index 

Hypothetical Resident 
-Ingestion of Surface Soil ChildJAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 
-Dermal Contact with Surface Soils 
-Ingestion of Groundwater 
-Inhalation of VOCs from Infiltration of Soil Gas 
-Inhalation of VOCs from Groundwater Use 
-Ingestion of Garden Produce (Root Uptake) 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface WaterJSediment 
-Dermal Contact with Surface WaterJSediment 

2.93-07 

1.3EO7 

3.1E-07 

3.1E-08 
2.0E-08 
2.0E-09 

8.9E-09 

4.6E-12 

5.6E-14 

3.1E-10 

6.5E-05 
533-06 

1.3E-07 
6.0E-04 

2.0E-05 
1.5E-04 
6.0E-08 
2.3E-06 
l.lE-04 

1.9E-11 

3.4E-06 

1.4EO6 

7.4E-06 

232-07 
2.0E-07 
4.9E-08 
1.9E-08 
2.1E-07 

4.8E-10 

4.E-13 

2.4E-04 
2.6E-05 

4.0E-06 
4.3E-03 

4.9E-05 
5.4E-04 
4.3E-07 
4.2E-05 
7.9E-04 

4.5E-11 

-External Irradiation from Surface Soil 1.6E-08 1.7E-07 
Total 7.6EO7 9.6E-04 I.3&05 6.0E-03 

Notes: 

Changes from draft final to final are shown in italics/bold 
Chemical- and pathway specific results are detailed in Attachment H3. 

Sheet 2 of 2 



TABLE Ha-4 
SUMMARY OF ESTIMATED EIEALTH RISKS FOR OFFSITE RESIDENTS 

Reasonable 
Average Exposure M h m  Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
Rezeptor/Exposure Pathway Risk Index Risk Index 

AOC No. 1, Current Resident, Southeast 
-Ingestion of Surface Soil Child/Adult (Carcinogenic) 0 '  0 
-Ingestion of Surface Soil Child (Noncarcinogenic) 0 0 
-Ingestion of SurEace Soil Adult (Noncarcinogenic) 0 0 
-Inhalation of Particulates 1.4EO9 0 1.5E08 0 
-Dermal Contact with Surface Soil 0 0 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 0 0 

Total 1.4EO9 0 1.5E-08 0 

AOC No. 1, Current Resident, Indiana South 
-Ingestion of Surfam Soil Child/Adult (Carcinogenic) 0 0 
-Ingestion of Surface Soil Child (Noncarcinogenic) 0 0 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 0 0 
-Inhalation of Particulates 0 0 0 0 
-Dermal Contact with Surface Soils 0 0 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 0 0 

Total 0 0 0 0 

AOC No. I, Future Resident, Walnut 
-Ingestion of Surface Soil Child/Adult (Carcinogenic) 
-Ingestion of Sqf&ce Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 
-Dermal Contact with Surface Soil 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface WatedSediment 
-Dermal Contact with Surface Water/Sediment 

Total 

0 
0 
0 

0 0 
0 0 
0 0 

4.8E-11 1.5E-06 
7.7E-09 8.4E-05 
7.7E-09 8.5E-05 

0 
0 
0 

0 0 
0 0 
0 0 

2.9E-9 2.8E-05 
1.8E-07 5.9E-04 
1.8E-07 6.2E-04 

AOC No. 1, Future Resident, Woman 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 0 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 8 . 3 m  0 
-Dermal Contact with Surface Soil 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface WatedSediment 2.E-10 

0 
0 

1.3E-09 -Dermal Contact with Surface Water/Sediment ~~ 

Total 2.4E-09 

0 
0 0 
0 0 
0 8.7E09 0 
0 0 0 
0 0 0 

8.0E-07 1.6E-08 1.5E-05 
2.8E-05 3.1E-08 2.0E-04 
2.9E-05 5.5E-08 2.1E-04 

Hazardrisk estimates reported as 0 indicate that no air or depositional impacts were predicted by air 
modeling (see Section H5.5.2). 

1 
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TABLE HS-4 
SUMMARY OF ESTIMATED HEALTH RISKS FOR OFFSXTE RESIDENTS 

Reasonable 
Average Exposure Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
ReceptodExposure Pathway Risk Index Risk Index 

AOC No. 2, Current Resident, Southeast 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 1.2E-13 1.m-12 
-Ingestion of Surface Soil Child (Noncarcinogenic) 3.3E-11 1.2E-10 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 2.8E12 1.3E-11 
-Inhalation of Particulates 5.7El I 0 6. O E l O  0 
-Dermal Contact with Surface Soil 2.4E-18 6.5E-14 2.4E-16 2 .OE- 1 2 
-Ingestion of Garden Produce (Deposition) 2.6E-12 7.9E-11 6.3E-11 5.7E-10 

7.OE-10 Total 6.OEIl l.lE-10 6.7E10 

AOC No. 2, Current Resident, Indiana South 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 0 0 
-Ingestion of Surface Soil Child (Noncarcinogenic) 0 0 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 0 0 
-Inhalation of Particulates 8.6El.Z 0 9 . l E l 2  0 
-Dermal Contact with Surface Soils 0 0 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 0 0 

Total 8.6E-13- 0 9.lE12 0 
AOC No. 2, Future Resident, Walnut 

-Ingestion of Surface Soil ChildAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 
-Dermal Contact with Surface Soil 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface WaterISediment 
-Dermal Contact with Surface WaterISediment 

Total 

0 
0 
0 

2.6E12 0 
0 0 
0 0 

4.8E-11 1 SE-06 
7.6E-09 8.4E-05 
7.7E-09 8.5E-05 

O.OE+OO 
0 
0 

2.7Ell  0 
0 0 
0 0 

2.9E-09 2.8E-05 
1.8E-07 6.0E-04 
1.8E-07 6.2E-04 

AOC No. 2, Future Resident, Woman 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 3.2ElI 

1.2E-13 

-Dermal Contact with Surface Soil 2.4E-18 
-Ingestion of Garden Produce (Deposition) 2.6E-12 
-Ingestion of Surface Water/Sediment 2.E-10 
-D&UI contact with surface water/sediment 1.3E-09 

Total 1.6E-09 

1.E-12 
3.3E-11 1.2E-10 
2.8E-12 1.3E-11 

0 3.4ElO 0 
6.5E-14 2.4E-16 2.OE-12 
7.9E-11 6.3E-11 5.7E- 10 
8.0E-07 1.6E-08 1.5E-05 
2.8E-05 3.1E-08 2.OE-04 
2.9E-05 4.7E-08 2.1E-04 

Notes: 

Changes from draft final to final are shown in italicsfbold 
Chemical- and pathway-specific results are detailed in Attachment H3. 
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TABLE H9-2 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE FOR AOC NO. 1 

Reasonable 

Receptorhposure Pathway (rnredyear) (mredyear) 

Current Worker 

Average Exposure Maximum Exposure 

5.OE-02 3.2E-01 -Ingestion of Surface Soil 
-Inhalation of Particulates 8.2E-01 I. OEWO 
-External Irradiation from Surface Soil 1.m-01 3.1E-01 

Total 1. OE+UO 1.7E+OO 

Future IndustriaVOiXce Worker 
-Ingestion of Surface Soil 1 SE-0 1 1.9Ei-00 

3.6E+OO 6.1E+OO -Inhalation of Particulates 
-External Irradiation from Surface Soil 1.OEi-00 1.8E+OO 

Total 4.8E+OO 9.8E+OO 

Future Ecological Worker 
2.9E-01 l.OE+OO -Ingestion of Surface Soil 

-Inhalation of Particulates 1.4E+OO 2.7E+OO 
-Ingestion of Surface WaterlSediment 2.6E-05 2.2E-04 
-External Irradiation fiom Surface Soil 4.8E-01 6.OE-01 

Total 2.2E+OO 4.3E+OO 

Future Open Space Use 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Surface WaterISediment 

I.4E-02 
4.6E-02 
2.3E-05 

2.2E-01 
6.4E-01 
2.8E-04 

-External Irradiation fiom Surface Soil 2.5E-02 1.5E-01 
Total 8. SE-02 1. OE+Oo 

Hypothetical Construction Worker 
-Ingestion of Subsurface Soil 3.7E-03 2.1E-02 

-External Irradiation from Surface Soil 4.9E-03 5.6E-03 
-Inhalation of Particulates 9.9E-01 1.2E+oO 

Total I. OE+OO 1.3E+OO 

Hypothetical Resident 
-Ingestion of Surface Soil 1.5E+00 
-Inhalation of Particulates 8.1E+OO 
-Ingestion of Groundwater 8.OE-02 
-Ingestion of Garden Produce (Root Uptake) 3.2E-01 
-Ingestion of Garden Produce (Deposition) l.lE-02 
-Ingestion of Surface WaterlSediment 1.9E-05 
-External Irradiation fiom Surface Soil 2.7Ei-00 

Total 1.3E+01 

6.3E+00 
2.6E+OI 

1.2E+00 
5.7E-0 1 

8.2E-02 
3.4E-04 
8.6E+00 
4.2E+OI 

Notes: 

Changes &om draft final to final are shown in italicshld 
Dose calculations are detailed in Attachment H4. 
AOC = Area of Concern 
mrcm = millirem 
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TABLE H9-3 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE 

FOR MAXIMUM EXPOSURE AREAS 

Reasonable 

Receptorhposure Pathway (mredyear) (mredyear) 
Average Exposure Maximum Exposure 

Hypothetical Resident (10 Acres) 
-Ingestion of Surface Soil 3.3Ei-00 
-Inhalation of Particulates 3.5EMO 
-Ingestion of Groundwater 2.6Ei-00 
-Ingestion of Garden Produce (Root Uptake) 9.1E-01 
-Ingestion of Garden Produce (Deposition) 1.8E-02 

-External Irradiation from Surface Soil 6.3Ei-00 
Total 1.7EM1 

-Ingestion of Surface WatedSediment 1.9E-05 

1.4E+O 1 
I.lE+OI 
1.9E+O 1 
3.3Ei-00 
1.3E-O 1 
3.4E-04 
2.0E+O1 
6 7EWl 

Future IndustriaVOffice Worker (30 Acres) 
-Ingestion of Surfice Soil 3.4E-0 1 4.3E+OO 
-Inhalation of Particulates 6.9EMO 1.2EMI 
-External Irradiation fiom Su&ce Soil 2.3E+OO 4.3EMO 

Total 9.6EMO 2OEMI 

~ 

Future Ecological Worker (50 Acres) 
5.4E-0 1 1.9E+00 -Ingestion of Surflice Soil 

-Inhalation of Particulates 20EMO 3.7E+OO 
-Ingestion of Surface WaterJSediment 2.6E-05 2.2E-04 

8.9E-01 1.1EHO -External Irradiation from Surf& Soil 
Total 3.4EMO 6.8EMO 

Notes: 

Changes from drafl final to final are shown in italics/bqld 
Dose calculations are detailed in Attachment H4. 
mrem = millirem 
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TABLE H9-4 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE FOR AOC NO. 2 

ReiKiiible 

Receptor/Exposure Pathway (mredyear) (mredyear) 

Current Industrial Worker 

Average Exposure Maximum Exposure 

-Ingestion of Surface Soil 1.9E-03 1.2E-02 

-External Irradiation from Surface Soil 6.8E-03 1.2E-02 
-Inhalation of Particulates 1.3M2 1.6E-02 

Total 2IE-02 4.0-2 

Future IndustriaVOffice Worker 
-Ingestion of Surface Soil 5.E-03 7.3E-02 
-Inhalation of Particulates 5.7E-02 9.4E-02 
-External Irradiation from Surface Soil 4.OE-02 7.3E-02 

Totaf I .  OE-01 2.4E-OI 

Future Ecological Worker 
-Ingestion of Surface Soil l.lE-02 4.OE-02 
-Inhalation of Particulates 2.2E-02 4. I E-02 
-Ingestion of Surface WaterlSediment 2.6E-05 2.2E-04 
-External Irradiation from Surface Soil 1.9E-02 2.4E-02 

Total 5.2E-02 1.IE-01 

Future Open Space Use 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Surface WaterlSediment 
-External Irradiation from Surface Soil 

Total 

Future Construction Worker 
-Ingestion of Subsurface Soil 
-Inhalation of Particulates 
-External Irradiation from Surface Soil 

Totar 

Hypothetical Resident 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Groundwater 
-Ingestion of Garden Produce (Root Uptake) 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface WaterlSediment 
-External Irradiation from Surface Soil 

Total 

5.6E-04 8.7E-03 
Z OE-04 9.9E-03 
2.3E-05 2.8E-04 
9.E-04 6.1E-03 
2.3E-03 2. SE-02 

8.4E-03 4.7E-02 
I .  SE-02 1.9E-02 
7.6E-03 9.2E-03 
3. I E-02 ZSE-02 

5.7E-02 2.4E-01 
1.3E-01 3.9E-01 
8.5E-02 6.OE-01 
1.5E-02 5.5E-02 
4.8E-04 3.4E-03 
1.9E-05 3.4E-04 . 

1.1E-01 3.4E-0 1 
3.9E-01 1.6Ei-00 

Notes: 

Changes &om draft final to final are shown in italicshld 
Dose calculations are detailed in Attachment H4. 
AOC = Area of Concern 
mrem = millirem 
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TABLE H9-5 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE FOR OFFSITE RESIDENTS 

Reasonable 

ReceptorhCxposure Pathway (mredyear) (mredyear) 

AOC No. 1 

Average Exposure Maximum Exposure 

Current Resident, Southeast 
-Ingestion of Surface Soil 0 '  0 

-Ingestion of Garden Produce (Deposition) 0 0 
-Inhalation of Particulates 1.3E-03 4.0E-03 

Total I.3E-03 4.OE-03 

Current Resident, Indiana South 
-Ingestion of Surface Soil 0 0 
-Inhalation of Particulates 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 

Total 0 0 

Future Resident, Walnut Cr./Indiana 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Su&ce WaterlSediment 

0 
0 

9.7E-07 

0 
0 

1.8E-05 
-Ingestion of Garden Produce (Deposition) 0 0 

Total 9.7E-07 1.8E-05 

Future Resident, Woman Cr./lndiana 
-Ingestion of S u h  Soil 0 0 

-Ingestion of Soil Deposited on Vegetables 0 0 
-Ingestion of Soil Deposited on Fruit 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 

-Inhalation of Particulates Z6E-04 2.4E-03 
-Ingestion of Surfkce WaterISediment 1.8E-05 3.2E-04 

Total %8E-04 2.7E-03 

Cancer risk estimates reported as 0 indicate that no air or depositional impacts were predicted 
by air modeling (Section H5.5.2). 
AOC = Area of Concern 
m e m  = millirem 

(4040-1040-862-0098XRmt9-2 )(LZKOff-site R a  )(90&'95 9 23 AM) Shect 1 of 2 



TABLE H9-5 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE FOR OFFSITE RESIDENTS 

Reasonable 

ReceptorExposure Pathway (mredyear) (mredyear) 
AOC No. 2 

Average Exposure Maximum Exposure 

Current Resident, Southeast 
--Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Garden Produce (Depo sition) 

Total 

Current Resident, Indiana South 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Inmxtion of Garden Produce (Denxition) 

Total 

Future Resident, Walnut Cr./Indiana 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Surface WaterISediment Walnut Ck. 
-Ingestion of Garden Produce (Deposition) 

Total 

' Future Resident, Woman Cr./Jndiana 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Surface WaterISediment 
-Ingestion of Garden Produce (Deposition) 

Total 

2.9E-08 
5. SE-05 

1.2E-07 
1.8E-04 

6.3E-07 4.5E-06 
5.4E-05 1.8E-04 

0 0 
&4E-07 2.6E-06 

0 0 
8.4E-07 2.6E-06 

0 0 
2. 5E-06 %9E-06 
9.7E-07 1.8E-05 

0 0 
3.5E-06 26E-OS 

2.9E-0 8 1.2E-07 
3. IE-05 9.8E-05 
1.8E-05 3.2E-04 
6.3E-07 4.5E-06 
4.9E-05 4.2E-04 

Notes: 

Changes from draft final to final are shown in italics/bold 
Dose calculations are detailed in Attachment H4. 
AOC = Area of Concern 
mrem = millirem 
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TABLE Hll= l*  
SUMMARY OF ESTIMATED HEALTH RISKS 

Reasonable 
Average Exposure (CT) Marimum Exposure (RME) 

Carcinogenic Hazard Carcinogenic Hazard 
Risk Index Risk Index 

AOC No. 1** 
Current Worker 
Future IndustriaVOfficer Worker 
Future Ecological Worker 
Future Open Space Use 
Future Construction Worker ' 

Hypothetical Resident 

7Eo7 2E-03 1E-05 1E-02 
3Eo6 6E-03 8E-05 4E-02 
1E-06 5E-03 4E-06 2E-02 
2E-07 5E44 1E-05 1E-02 
2EO7 4E-03 3E-07 2E-02 
4E-04 2EW 1 8E-03 1EM2 

Maximum Exposure Areas 
Hypothetical Resident (10 Acres) 1E-03 2E+O 1 2E-02 2EM2 
Future Industrial/ofticer Worker (30 Acres) 5E-06 1E-02 2E-04 8E-02 
Future Ecological Worker (50 Acres) 2E-06 8E-03 7Eo6 4E-02 

AOC No. 2** 
Current Worker 
Future IndustriaVOiEcer Worker 
Future Ecological Worker 
Future Open Space Use 
Future Construction Worker 
Hypothetical Resident 

Offsite Receptors*** 
Current Resident, Southeast 
Current Resident, Indiana South 
Future Resident, Walnut Cr./Indiana 

lEO8 3E-07 2E-07 2E-06 
4E-08 9E-07 1E-06 1E-05 
2E-08 2E-04 7E-08 3E-04 
6E-09 3E-05 3E-07 4E-04 
3E-08- 3E-03 1E-07 2E-02 
8E-07 1E-03 1E-05 6E-03 

1E-09 0 2EO8 0 
9E13 0 9E12 0 
8E-09 9E-05 2E-07 6E-04 

Future Resident, Woman Cr./Indiana 2E-09 3E-05 6EO8 2E-04 

Note: Changes from draft final to final are shown in italics/bold 
* Same as Table H.ES-1. 
** Area of concern boundaries are illustrated in Figure H2-1. 
*** Results shown correspond to the higher of estimated air impacts from AOC No. 1 and AOC No. 2. 
CT = Central Tendency 
RME = Reasonable Maximum Exposure 
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A'ITACHMENT H4-2 
ANNUAL RADIATION DOSE FROM INHALATION OF 

S W A C E  SOIL PARTICULATES 
CURRENT ONSITE INDUSTRIAL WORKERS 

Ib 

Amencrum- 7 - 
Exposure Assumptions CT RME CT RME CT RME 

AOC No. 1 
4.09E-04 4.09- 1.13E-02 1.13E-02 CC = contaminant concentraton @Ci/m3 

IR = Inhalation  ate (m3/hr) 0.83 0.83 0.83 0.83 
EF = Exposure Frequency (days/year) 219 250 219 250 
W = Weighting Factor 0.17 0.17 0.17 0.17 
RD = Respiratoq Deposition Factor I I 1 1 
Fl" =Exposure Time @rs/day) 
~nnual Radionuclide Intake ( p ~ i / y e a r ) ~  

7.2 8.0 7.2 8.0 
9.1 OE-02 1.15E-01 2.51E+OO 3.19E+OO 

Effective Dose Coefficient (&si) 4.44E-0 1 4.44E-01 3.08E-01 3.08E-0 1 
Committed Effective Dose Equivalent (mrem/year)" 4.04E-02 5.12E-02 7.74E-01 9.82E-01 8.lSE-01 I.  03E+OO 

AOC No. 2 
CC = Contaminant Concentration wi/rn3) 2.13E-05 2.13E-05 1.53E-04 1.53E-04 
IR = Inhalation Rate (m3/hr) 0.83 0.83 0.83 0.83 
EF = Exposure Frequency (days&ear) 219 250 219 250 
W = Weighting Factor 0.17 0.17 0.17 0.17 
RD = Respiratory Deposition Factor I 1 1 1 
ET = Exposure Time (hrs/day) 7.2 8.0 7.2 8.0 
Annual Radionuclide Intake (pC~&ear)~ 4.74E-03 6OlE03 3.40EO2 4.32EO2 
Effective Dose Coefficient (mrem/pCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-0 1 
'ammitted Effective Dose Equivalent (mendyear)" 2.lOE-03 -2.67E-03 l.OSEO2 1.33E-02 1.26E-02 I .  6OE-02 

Note: Changes fiom draft final to final are shown in italics/bold 

RME - Reasonable Maximum Exposure 
'Total Dose is the sum of the Committed Effective Dose Equivalents for Am-241 and Pu-239040 

CT - Central Tendency 

Annual Radionuclide Intake = CC x IR x EF x WF x RD x ET 
Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 

( 4 0 4 0 - l 5 1 0 ~ 9 8 - 8 6 2 ~ ~ 4 1 - 1  XLZXlnhalahonX9/2g/95 12 14 PhO Sheet 1 of 1 



ATTACHMENT H4-5 
ANNUAL RADIATION DOSE FROM INHALATION 

OF SURFACE SOIL PARTICULATES 
FUTURE ONSlTE INDUSTRZAUOIWICE WORKER 

heridurn-241 Plutonhrm-239m TOW Dose’ 
Exposure Asslrmptions cr RME cr R M E  cr R M E  

AOC No. 1 
cc = Contaminant Concentration (pCim3) 4.09304 4.09E-04 1.13E-02 1.13E-02 
IR = Inhalation Rate (m’h) 0.63 0.83 0.63 0.83 
EF =Exposure F r e q u c n c y ( d a ~ )  219 250 219 250 
RD = Rcrpiration Deposition Factor 1 1 1 1 
ET = Exposure Time (Wday) 
Annual Radionuclide Intake ( p C i / y e ~ ) ~  

.72 8 7.2 8 
4.06EOl 6 79E-01 1.12E+Ol 1.88E+Ol 

Effective Dose Coefficient (dfl) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed E M v e  Dose Equivalent (mrem/year)‘ I.8oEoI 3. OIJMI 3.46E+OO 1 78E+OO 3.64E+OO 6 08E+OO 

AOC No.2 
CC = Contaminant Concentration (pCim’) 2.13E-05 2.13E-05 1.54E-04 1.54E-04 
IR = Inhalation ~ a t c  (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (days/ycar) 219 250 219 250 
RD = Respiration Deposition Factor 1 1 1 I 
ET = Exposure Time (idday) 
Annual Radionuclide Intake (pCi/~ear)~ 

72 8 72 8 
212E02 3.543-02 1.53EOI 256EOl 

Effective Dose Coefficient (mredpci) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mrem/year)c 9.39E03 1.57E02 471E-02 Zd7E02 165E02 9.44E02 

30-Acre Maxh~um Exposure Area 
CC = Contaminant Concentration (p~iim’) 8.11E44 8.11E-04 2.15E-02 2.15E-02 
IR Inhalation Rate (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyear) 219 250 219 250 

ET = Exposure Time (Wdny) 7.2 8 7.2 8 
Annual Radionuclide Intake ( p C i / y ~ ) ~  8.06EOI 1.35E+OO 2. I4E+OI 3.57E+Ol 

RD = Respiration Deposition Factor I 1 I I 

Effective Dose Coefficient (mdpCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mredyear)‘ 3.58EOl 598EOI 658E+OO I .  I OE+OI 4 94E+OO l.l6E+Ol 

Note: Changes from draft final to final are shown in italichld 
CT - Central TCII~CIICY 
Rh4E - R-bk Mucim~m Expornnr; 
‘Total Dose is the rum of the COmmiU ESectivc Dosc Equiv.lcnta for Am-241 and Pw239R40 
‘Annual Radionuclide Intake = CC x IRx EF x RD x ET 
‘Committed Effcctivc Dorc Equi\.rlent = Annual Radionuclide Intake x Effective Dose coc&cicnt 
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ATTACHMENT H4-8 
ANNUAL RADIATION DOSE FROM INHALATION OF SURFACE 

SOIL PARTICULATES 
FUTURE ONSITE ECOLOGICAL WORKER 

cc = Contaminaut Concentration Wi/rn3 4.09- 4.09E-04 1.13E-02 1.13E-02 
IR = Inhalation  ate (rn'h) 0.83 1.40 0.83 1.40 
EF = Exposure Frequency (daydyear) 65 65 65 65 

ET = Exposure Time (hrs/day) 
Annual Radionuclide Intake (~Ci /year)~ 
Effective Dose Coefficient (mrem/pCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mredyear)' 7E-02 1.32E-01 1.3SE+OO 2.S3E4-00 1.42E4-00 2.67E4-00 

RD = Repiratory Deposition Factor I 1 1 1 
7.2 8 7.2 8 

1.59EfIl 2.98EOl 4.39E4-00 8.23E4-00 

AOC No. 2 
cc = Contaminant concentration 2.13E-05 2.13E-05 1.53E-04 1.53E-04 
IR = Inhalation Rate (rn'h) 0.83 1.40 0.83 1.40 
EF = Exposure Frequency (daydyear) 65 65 65 65 
RD = Repiratory Deposition Factor I 1 1 1 
ET = Exposure Time (hrs/day) 
Annual Radionuclide Intake @ci/~ear)~ 

7.2 8 7.2 8 
8.2 7E-03 1.5SE-02 5.94E-02 l.Il&Ol 

Effective Dose Coefficient (mrdpCi) 4.4413-01 4.44E-01 3.08E-01 3.08E-01 
4.12E-02 Committed Effective Dose Equivalent (mrdyear)' 3.67E-03 &ME-03 1.83E-02 3.43W2 2.2OE-02 

%Acre Maximum Exposure Area 
:C = Contaminant Concentration Wi/rn> 7.28E-04 7.28E-04 1.55E-02 1.55E-02 
JR = Malation Rate (m3/hr) 0.83 1.40 0.83 1.40 
EF = Exposure Frequency (daydyear) 65 65 65 65 
RD = Repiratory Deposition Factor 1 I 1 1 
ET = Exposure Time (hrs/day) 
Annual Radionuclide Intake @ci/~ear)~ 

7.2 8 7.2 8 
2.83E-01 5.3OE-01 &02E+OO 1.13EMl 

Effective Dose Coefficient (mrdpci )  4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mrdyear)' 1.26E-01 2.3SE-01 1.8SE+OO 3.48EMO 1.98E4-00 3.71EMO 

Note: Changes fkom draft final to final are shown in italics/bold 
CT - Central Tendency 
RME - Reasonable Maximum Exposure 
'Total Dose is the sum of the Committed Effective Dose Equivalents for Am-241 and Pu-239/240 
bAnnual Radionuclide Intake = CC x IR x RD x EF x ET 
Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 
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ATTACHMENT H4-11 
ANNUAL RADIATION DOSE FROM INGESTION OF SURFACE SOIL 

FUTURE ONSITE OPEN SPACE USE 

4 PlutOnium-239/240 Total Dose' 

AOC No. 1 
Exposure Assumptions cr RME cr RME cr RME 

CC = Contaminant Concentration @Ci/kg) 2.99304 2.99304 8.13EMS 8.13EN5 
IR = Ingestion  ate (mg/VisitIb 9.6 60.0 9.6 60.0 
EF =Exposure Frequency (visits/ycar) 10 25 10 25 
CF = Conversion Factor (kglmg) 
Annual Radionuclide Intake @Ci/year)' 
Effkctiivc Dose Coefficient (mrcm/pCi) 3.64303 3.64303 5.18E-05 5.18E-05 
Committed Effective Dose Equivalent (mredya~)~  1.03E-02 1.6lEOl 4.04EO3 432-2 1.4YE-02 2.24-1 

1E-06 1E-06 1E-06 lE-06 
2 83EMO 4.43E4-01 Z 8OEMl 1.22EM3 

AOC No.2 
CC =Contaminant Concentration @Ci/kg) 1.45Et03 1.45Ei-03 1.03Ei-04 l.O3E+04 
IR = Ingestion  ate (mg/VisitIb 9.6 60.0 9.6 60.0 
EF =Exposure Frequency (visitdyear) 10 25 10 25 
CF - Conversion Factor W m g )  1E-06 1E-06 1E-06 1E-06 
Annual Radionuclide Intake (pCi/y~)'  1.39E-01 218E+OO 9.92-1 l.SSE+Ol 
Effective Dose Coeficjent (mrcm/pCi) 3.64E-03 3.64E-03 5.18E-05 5.18E-05 
Committed Effective Dose Equivalent (mrem/year)d 5.07Eo4 Z92-3 5.14D.5 8.03E-04 5.58E04 8.72-3 

Note: Changes from draft final to final are shown in italicdbold 
CT-CddTendenCy 
RME - Reasonable Maximum Exposum 
*Total Dose is the sum of the committad Effedive Dose Equivaleats for ,4111-241 and Pu-239/240 
' child/~dult Weighted 
c ~ u a l  Radionuclide Intake = CC x IR x EF x CF 

Effedive Dose Equivalent = Annual Radionuclide Intake x EfFedive Dcse Coe5cient 
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ATTACHMENT H4-12 
ANNUAL RADIATION DOSE FROM INHALATION OF SURFACE 

SOIL PARTICULATES 
FUTURE ONSITE OPEN SPACE USE 

L- 

Americium-241 w Total Dose 
Exposure Assumptions cr RME cr RME cr RME 

AOC No. 1 
cc = Contaminant Concentration @Ci/rn? 
IR = Inhalation b t e  (m3/hr) 
EF = Expom Frequency (visits/year> 
R D  = Respiratcny Deposition Factor 
ET =Exposure Time (hrshrsit) 
h u a ~  ~dionuclicie Intake  ear)^ 
Effective Dose Coefficient (mrem/pCi) 
committed Effkctive Dose Equivalent (mrem/Yea 

4.09E-04 4.09E-04 1.13E-02 1.13E-02 
0.83 1.40 0.83 1.40 

10 25 10 25 
1 1 1 1 

1.5 5.0 1.5 5.0 

4.44E-01 4.44341 3.08E-01 3.08E-01 
s.o9~-03 i . 1 6 ~ 0 2  1.41~-0i J.ME+OO 

C 2.26E03 3.18E-02 4.33E-02 6.09E-01 4.SbE-02 6.41E-01 

AOC No.2 
CC = Contaminant Concentration @Ci/rn? 
IR = Inhalation h t e  (m3/hr) 
EF = Exposure Frequency (visits&ar) 
RD = Respiratory Deposition Factor 
ET = Exposure Time (hrs/visit) 
Annual Radionuclide Intake 
Effective Dose Coefficient b r d D C i )  

2.13E-05 2.13E-05 1.53E-04 1.53E-04 
0.83 1.40 0.83 1.40 

10 25 10 25 
I 1 1 1 

1.5 5.0 1.5 5.0 
2.6SE-04 3.73E-03 1.9OE-03 2.68E-02 
4.44E-01 4.44E-01 3.0SE-01 3.0SE-01 

Committed Effective Dose Equivaieni(mremEyear)C IE-04 1.66E-03 S.87E-04 8.2SE-03 7.04E-04 9.90E-03 

,te: Changes kom draft final to final are shown in italicshld 
CT - Central T e n d a q  
RME - Reasonable Maximum Exposure 
'Total Dose is the sum of the Committed Effective Dose Equivalents for Am-241 and Pu-239/240 
'Annual Radionuclide Intake = CC x IR x EF x RD x ET 
cCommitted Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 

( 4 0 4 0 - l S 3 0 ~ 8 - 6 6 2 ~ ~ 4 ~ l 4  XLZflnhalabon)(9/28/9S 12 16 PhO Sheet 1 of 1 
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ATTACHMENT H4-19 
ANNUAL RADIATION DOSE FROM INHALATION 

OF SURFACE SOIL PARTICULATES 
HYPOTHETICAL FUTURE ONSITE RESIDENTS 

= Contaminant ~onccntration (p~iirn~) 4.09E-04 4 . 0 9 W  1.13E-02 1.13E-02 
IR = Inbalation  ate (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure F r c q ~ c y  (daysEytar) 234 350 234 350 

m = Exposure Time (hrs/day) 15 24 15 24 
Annual Radionuclide Intake (pc i i ) '  9. ME01 285E+OO 2.5OE+Ol Z 88E+Ol 
Effatiw Dose coefficient ( d p C i )  4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effbctivc Dose Equivalent (mrcm/year)' 4.02,BOl 1.27E+OO Z 70E+OO 243EMl d.lOE+OO 2SSE+Ol 

RD = Respirabry Deposition Factor I I I I 

AOC N a 2  
CC = Contaminant Concentration ( p ~ i / m ~ )  2.13E-05 2.13E-05 1.53E-04 1.53E-04 
IR = Inhalation  ate (rn'h) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (dayslyear) 234 350 234 350 
RD = Respiratory Deposition Factor 1 1 1 I 
ET = Exposure Time (hdday) 
Annual Radionuclide Intake (~CiEyCar)~ 

1 5, 24 15 24 
SE-02 1.49EOI 3.38EOI 1.07E+OO 

Effective Dose Coefficient (mrcdpCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mrendyear)' 2.09E-02 6.59E02 1.04EO1 3.29EOI 1.2SE-01 3.94E-01 

10-Acre Maximum Exposure Area 
CC = Contaminant   on cent ration (p~iim') 8.45E-04 8.45E-04 3.90E-03 3.90E-03 
IR = Inhalation Rate (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyear) 234 350 234 350 

ET = Exposure Time (tdday) 15 24 15 24 

Effective Dose Coefficient (mredpCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mredyear)' 8.30EOI 262E+OO 2.66E+OO 8.37E+OO 3.49E+OO l.lOE+Ol 

RD = Rcspiratov Deposition Factor 1 I 1 I 

Annual Radionuclide Intake (pciiear)' 1.87E+OO 5.89E+OO 8.62E+OO 2 72E+OI 

Note: Changes finom draft final to final are shown in italicsibold 
CT - Central Tendency 
RME - Reasonable Maximum Exposure 
'Total Dose is the sum of the Committed Effective Dose Equivalents for Am-24 1 and Pu-2391'240 
'Annual Radionuclide Intake = CC x IR x EF x RD x ET 
' Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 
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ATTACHMENT H4-28 
ANNUAL RADIATION DOSE FROM INHALATION 

OF SURFACE SOIL PARTICULATES 
CURRENT AND FUTURE OFFSITE RESIDENTS 

To- 
Americium-241 PlutoniUm-239/240 Doseb 

Exposure Assumptions CT RME CT RME CT RME 
Current Offsite Reaident, Southeast 
AOC No. 1 
cc = Contaminant concentration wi/rn3) 6.49E-08 6.49E-08 1.79306 1.79E-06 
IR = W a t i o n  m ate (m3/hr) 0.63 0.83 0.63 0.83 
EF =Exposure Freqmcy (dayslyear) 234 350 234 350 
RD = Respiratory Deposition Factor 1 1 1 1 
ET = Exposure Time olrs/day) 
Annual Radionuclide Intake (pCi/year)' 

15 24 15 24 
1.44E-04 4.52EO4 3.96E03 1.25M2 

Effective Dose Coefficient (mrem/pCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mreml~ear)~ 6 3  7E05 ZOlE04 1.22E03 3.84M3 1.28E-03 4. ME03 

AOC No.2 
cc = Contaminant Concentration (pci/rn3) 9.51E-09 9.51E-09 6.76E-08 6.76E-08 
IR = Inhalation  ate (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyear) 234 350 234 350 
RD = Respiratory Deposition Factor 1 1 1 1 
ET = Exposure Time (hrs/day) 
Annual Radionuclide Intake (pCi/year)' 

15 24 15 24 
210605 663E05 1.49E-04 4.71E-04 

Effective Dose Coefficient (nudpc i )  4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent ( m r d ~ e a r ) ~  9.34E06 2 94E-05 4.60E.05 1 . 4 5 W  5.54E05 1.75E04 

Current Offsite Resident, Indiana South 
AOC No.2 
cc = contaminant Concentration wi/rn3) 1.44E-10 1.44E-10 1.02E-09 1.02E-09 
IR = Inhalation  ate (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyear) 234 350 234 350 

ET = Exposure Time (hrs/day) 15 24 15 24 
Annual Radionuclide Intake @Ci/year)' 3.IdE-07 1.00506 226506 7.11E-06 

RD = RespiratoIy Deposition Factor 1 I 1 1 

Effective Dose Coefficient (mrdpci )  4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Eff'ective Dose Equivalent (mreml~ear)~ 1.41E07 4.46607 695E07 219E-06 8.36M7 264606  

Future Offsite Resident, Walnut Creekhdiana 
AOC No.2 

IR = Inhalation Rate (rn3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyear) 234 350 234 350 

cc = contaminant Concentration wi/rn3) 4.33E-10 4.33E-10 3.07E-09 3.07E-09 

RD = Respiratoty Deposition Factor 1 I I 1 
15 24 15 24 

9.57E-07 3.02E-06 6 79lG06 2.14.505 
ET = Exposure Time (hrs/day) 
Annual Radionuclide Intake (pCi/year)" 
Effective Dose Coefficient (mrdpCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mrem/year)d 4.25E-07 1.34E-06 2.09E-06 659.506 2.52E-06 7.93E-06 
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ATTACHMENT H4-28 
ANNUAL RADIATION DOSE FROM INHALATION 

OF SURFACE SOIL PARTICULATES' 
CURRENT AND FUTURE OFFSITE RESIDENTS 

Americium-241 Plutonium-2391240 Dose' 
Exposure Amsumption8 cr RME cr RMFA CT RME 

Future Offaite Resident, Woman CreeWIadiana - 

AOC No. 1 cc = Contaminant concentration @ci/rn3) 3.85E-08 3.85E-08 1.06E-06 1.06E-06 
IR = Inhalation  ate (rn'ihr) 0.63 0.83 0.63 0.83 
EF =Exposure Frequency (dayslyear) 234 350 234 350 
RD = Remiratow Dewsition Factor 1 1 1 1 
ET = E&- Time-(hrs/day) 
h u a l  Radionuclide Intake @Ci/year)' 
Effective Dose Coefficient ( m r d p c i )  4.44E-01 4.44Fi-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mred~ear )~  3.78E-05 1.19Eo4 Z 2 2 W  228E-03 Z6OE-04 240E-03 

15 24 15 24 
&Slli=05 26iw04 234E-03 1.39E-03 

AOC No.2 cc = Contaminant Concentration wi/m3) 5.32E-09 5.32E-09 3.79E-08 3.79E-08 
IR = Inhalation  ate (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyw) 234 350 234 350 

ET = Exposure Time (hrs/day) 
Annual Radionuclide Intake @Ci/year)' 
Effective Dose Coefficient (mremlpci) 4.44E-01 -4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent ( m r e m l ~ m ) ~  5.22E-06 1.65E-OS 258JG05 8.14E.05 3.10E.05 9.79E-05 

RD = Respiratory Deposition Factor 1 1 1 1 
15 24 15 24 

1&05 3.71E-05 8.38~505 2MM4 

Note: Changes f?om drafl final to find are shown in italics/bold 

Rh4E - Reasonable Maximum Exposure 
'Modeling of Am-241 and F'u-239/240 concentrations indicated none were current or future contaminants of c o n c e r n  

bTotal Dose is the sum of the Committed Effective Dose Equivalents for Am-241 and ?u-239/240 
'Annual Radionuclide Intake = CC x lR x EF x RD x ET 
d Committed Effative Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 

CT - Central Tendency 

in the following areas: AOC No. 1 - Indiana South and Walnuthdiana 
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SUMMARY OF RISKS 
CURRENT ONSITE WORKER 

AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pathway HazardIndex CancerRisk HazardIndex CancerRiSk 

Ingestion of surface soil 1.75E-04 2.62E-07 l.llE-03 1.04E-05 
3.12G06 

ExtanalRadiation 9.78E-09 l.llE-07 

Inhalation of particulates fiom surface soil 3.94E-07 
Damal contad with surface soil* 1.43E-03 1.26E-08 9.04E-03 4.9m7 

Total 1.60E-03 6 7 8 W 7  1.02E-02 I .4IWS 

* Damal contact with metals (except mercury) and radionuclides is considered insigniticant. 

Note: Changes firom draft fina to final an shown id italicshld 

(COWAOCl XLS SUMMARY)(9/26/9512 17 PM) S h e d  1 of 1 
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SUMMARY OF RISKS 
FUTURE LNDUSTRIAWOFFICE WORKER 

AREA OF CONCERN NO. 1 

Central Tendenw Reasonable Maximum 
Pathway HazardIndex CancerRisk HazardIndex &=Risk 

Ingestion of surfaoe mil 5.15E-04 7.703-07 6.53E-03 6.103-05 
Inhalation of pattiaMes surface soil 1.76506 1.84.505 
Dennslumtactwithsurfkccsoil* 5.18E-03 4.563-08 3.293-02 1.813-06 
Inhalati~ofIndoorvocs 3.863-12 1.61E-08 6.45E12 1.683-07 
External Radiation 5.753-08 6.52E-07 
Tdal 5.70E-03 2.65506 3.943-02 8.20E05 

* Dmnal contact with metals (except mercury) and radionuclides is cansidered insignificant 

Note: Changes h m  draft fmal to fmal are shown in italicslbold 

(IOOWAOCI XLS SUMMARY)(Q/26/95 12 14 PM) Sheet I of I 
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SUMMARY OF RISK 
FUTURE ONSITE ECOLOGICAL RESEARCHER 

AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pathway Hazardhdex CancaRisk Hazardhdex CancerRisk 

Ingestion of surface soil 1.01E-03 9.42E-07 3.593-03 3.36E-06 
8.OSE-07 Inhalation of particulates fiom surface soil 430,507 

Dermal contact with surface soil* 3.43E-03 1.91E-02 1.05E-07 1.89E-08 
Ingestioa~fsurfacewater -WalnUtCnek 2.13E-06 1.86Ell 1.82E-05 1.59E10 
lngestion~fsurfactwab~- W 0 m - k  1.12E-06 1.03E-10 9.59306 8.85E-10 
Dermal contad withsurfaoe watcr- Walnut Creek 1.17E-04 2.97E-09 2.00Eo4 5.093-09 
Dermal c ~ n ~ w i t h ~ ~ r f a c e w a t c r -  WomanCreek 3.89E-05 5.00E10 6.663-05 8.583-10 

2.16E-08 
2.30Eo2 4.30E-06 

External Radiation l.73E-08 
4.60E-03 l . l lEo6 Total 

* Dermal contact with metals (except mercury) and radionuclides is considered insignificant. 

Note: Changes fiom draft final to final are shown in italidbold 

(FOERAOCI XLS SUMhlARY)(9/2@95 I2 16 PM) - Sliest I of I 
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SUMMARY OF RISK 
FUTURE ONSJTE CONSTRUCTION WORKER 

AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pathway Hazardhdex CancerRisk Hazardhdex CancerRisk 

Ingestion of subsurface soil 
Inhalation of particulates ftom subsurface soil 
Dermal contact with subsurface soil* 

3.11E-03 2.46E-08 1.74E-02 1.38E-07 
1.zoE-10 1.19E-07 1.49510 1.49507 
7.47E-04 5.55E-09 4.15E-03 3.08E-08 

External Radiation 1.24E-09 1.55E-09 
Total 3.853-03 1.51E-07 2.16E-02 3.19507 

*Dermal absorption of metab and radioauclides is considered insignificant 

Note.: Changes &om draft fmal to fmal are shown in italicdbold 

(FOCWAOCI SLS SUMMAKY)(9/26/95 12 35 Phl) 



. 
. ... 

6
4
6
6
 

6
6
-
4
6
 



I I I ! 1 s E e F 
e e c 

e c 

z Q .- - 9
 

... .Ei c e 2 



SUMMARY OF RLSK 
OPEN SPACE USER 

AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pathway HazardIndcx CancerRisk Hazardhdex CancerRisk 

Ingestion of surface soil by au adult 
Ingestion of surface soil by a child 
Carcinogenic effects of soil ingestion 
Inhaationofparticulatts fromsurface soil 
Damal cootad with surface soil* 
Ingestion ofsurface water - Walnut cnek 
Ingestion of Quface water - Woman Creek 
Dermal contad with surface water - Walnut (=reek 

Dermal contad with surface water - Woman Cnek 

4.18E-05 
3.66E-04 

3.76E-05 
1.90E-06 
1.00E-06 
2.05E-05 
6.83E-06 

1.69E-07 
4.96Eo8 
7.44E10 
5.963-11 
3.32E10 
1.873.09 
3.16E10 

6.53E-04 
6.10E-03 

4.15E-03 
2.28E-05 
1.20E-05 
2.51E-04 
8.35Eo5 

8.85E-06 
2.32E06 
2.74E-07 
2.39E-09 
1.33E-08 
7.64E-08 
1.29E-08 
6.52E-08 External Radiation 3.22E-09 

Total 4.75E-04 2.25E-07 1.13E-02 1.1 6EOS 

* Dermal contad with metals (except mercury) and radionuclides is considerad insigniticant 

Note: Changes &om draft fmal to fml are shown in italicdbold 

(OSIJAOCI S1.S SUhth lAR~~(9 /26 /95  12 36 Phl) Sheet 1 of I 





SUMMARY OF RISK 
HYPOTHETICAL ONSITE RESIDENT 

AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
CancerRisk HazardIndex CancerRisk Pathway Hazard Index 

Ingestion of surfacc soil by an adult 
Ingestion of surface soil by a d d d  
Carcinogenic e f f i  of soil ingestion 
Inhalation of pactiarlates ftom surface soil 
Dermalcontactwithsurfacesoil* 
Ingestion of vegetabla with soil deposition 
Ingestion of hit with soil dcposion 
Ingestion of leafy vegetables with root uptake 
Ingestion of other produce with root uptake 
Ingestion of groundwater 
Ingestion of surface water - Walnut Creek 
Ingestion O f  surfac~ water - Woman O e k  

3.913-03 
4.68E-02 

3.75E-03 
1.75E-05 
2.29E-05 
1.16E-03 
1.45E-02 
1.96E+01 
1.523-06 
8.01E-07 

1.79E-05 
8.81E-06 
7.423-08 
5.90E-08 
7.7131-08 
3.87E-07 
6.693-07 
2.623-04 
4.77E-11 
2.66510 

1.83302 
1.71E-01 

1.16E-01 
1.313-04 
1.60E-04 
4.32E-03 
5.083-02 
1.40EM2 
2.77E-05 
1.46E-05 

2.48E-04 
9.26E-05 
7.663-06 
1.47E-06 
1.80E-06 
4.813-06 
7.80E-06 
6.22E-03 
2.89309 
1.61E-08 

Dermal contact with surface water - Walnut b k  8.36E-05 7.64E-09 5.95E-04 1.81E-07 
Dermal contact with surface water - Woman b k  2.78E-05 1.29E-09 1.98E-04 3.063-08 
Inhalation of VOCs fiom infiltration 8.60512 8.07E-08 2.06E-11 6.443-07 
Inhalation of VOCs &om groundwater use 8.50E-05 1.47E-04 2.03E-04 1.17EM3 
External Radiation 3.45E-07 3.68E-06 
Total 1.97E+0 1 4.37E04 1.40EM2 1.75E-03 

Dermal contact with metals (except mercury) and radionuclides is considered insignifcant. 

Note: Changes f?om draf? final to final are shown in italicsibold 
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SUMMARY OF RISK 
HYPOTHETICAL ONSITE RESIDENT 

10-ACRE MAXIMUM E2WOSURE AREA 
IN AREA OF CONCERN NO. 1 

Central Tmdency Reasonable Maximum 
Pathway Hazard Index CancerRisk HazardIndex Can~erRisk 

Ingestion of surface soil by M adult 
Ingestion of surface soil by a child 
Carcinogenic effects of soil ingestion 
Inhalation of pariiwlata: h m  surface soil 
Dermaloontadwithsurfacesoil* 
Ingestion of vegetables with soil deposition 
Ingestion of h i t  with soil deposition 
Ingestion of leafy vegetables with root uptake 
Ingestion of other produce with root uptake 
Ingestion of groundwater 
Ingestion of surface water - Walnut Creek 
Ingestion of surface water - Woman Creek 
Dermal contad with surface water - Walnut Creek 
Dermal contact with surface water - Woman Creek 
Inhalation of VOCS from infiltration 
Inhalation of VOCS fiom groundwater use 
External Radiation 
Total 

1.24E-05 
1.48E-04 

5.983-07 
3.85E-08 
5.033-08 
5.06E-05 
6.26E-04 
2.26Ei-01 
1.523-06 
8.01E-07 
8.36E-05 
2.783-05 
1.16E-09 
2.09E-02 

2.268+01 

1.033-05 
3.49-6 
2.15E-11 
2.393-08 
3.123-08 
4.653-07 
4.863-05 
4.2513-04 
4.77E11 
2.66510 
7.64E-09 
1.29E-09 
1.345 10 
5.69E-04 
9.45E-07 
1.06E-03 

* Dermal contact with metals (except mercury) and radionuclides is considered insignifcant 

Note: Changes &om draft fmal to fmal are shown in italics/bold 

5.78E-05 
5.403-04 

1.85E-OS 
2.88E-07 
3.52E.07 
1.89E-04 
2.19E-03 
1.61Ei-02 
2.77E-05 
1.46E-05 
5.95E-04 
1.98E-04 
2.78E-09 
4.99E-02 

1.43E-04 
3.67E-OS 
2.22E-09 
5.95E-07 
7.28E-07 
5.79E-06 
4.323-06 
1.0113-02 
2.89E-09 
1.61E-08 
1.81E-07 
3.06E-08 
1.07E-09 
4.54E-03 
1.01E-05 

1.61Ei-02 1.48E-02 

(FOKAOC7 XLS SllhfhlARY)(Y/26/95 2 1.1 I’hl) 
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SUMMARY OF RISKS 
FUTURE INDUSTRIAL/OF"ICE WORKER 

IN AREA OF CONCERN NO. 1 
30-ACRE MAxIlMUM EXPOSURE AREA 

Central Tendency Reasonable Maximum 
Pathway HazardIndex CancerRisk Hazardhdex CancerRisk 

Ingestion of surface soil 1.02E-03 1.30E-02 1.373-04 1.73-6 
Inhalation of particulates fiom surface soil 3.3SE-06 3. SOEOS 
D d ~ t a c t w i t h s u r f a c e s o i l *  1.033-02 9.05E-08 6.523-02 3.59E-06 
InhalationofIndoorvocs 1.09E-09 5.67E11 1.83E-09 5.9233-10 
Eldemal Radiation 1.353-07 1.53E-06 
Total 1.13E-02 S.3IE06 7.823-02 I .  77E04 

* Dermal contact with metals (except mercury) and radionuclides is considered insignificant 

Note: Changes fiom draft final to final are shown in italics/bold 

(FOOWAOC3 XLS SUMMARY)(9/26/9S 12 47 Phl)  Sheet I of I 
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SUMMARY OF RISK 
FUTURE ONSITE ECOLOGICAL RESEARCHER 

IN AREA OF CONCERN NO. 1 
50-ACRE MAXIMUM E2CPOSURE AREA 

Central Tendency Reasonable Maximum 
Pathway H m d I n d e x  &=Risk Hazardkidex CaocerRisk 

Ingestion of surface soil 1.70E-03 1.46E-06 6.05E-03 5.20E-06 
Inhalation of particulates h m  surfact soil 5.95.507 1.11.506 
Dermal oontad with surfice soil* 5.79E-03 3.19E-08 3.22E-02 1.77E-07 
Ing&i~Ofsurf~water-  WalnutCxak 2.13E-06 1.86E11 1.82E-05 1.59E-10 
Iogcstion of surface water - W O ~  Cxak 1.12E-06 1.03E10 9.59E-06 8.85E10 
D d  -tact with surface watet - Walnut Creek 1.17E-04 2.97E-09 2.00E-04 5.09E-09 
Dermal -tad with surf= watet - Woman Creek 3.89E-05 5.00E-10 6.66E-05 8.58ELO 
External Radiation 3.36E-08 4.21E-08 
Total 7.64E-03 2.12E06 3.85E-02 6. SSE-06 

* Dermal contact with metals (except mercury) and radionuclides is considered insignificant 

Note: Changes ffom draft final to fmal are shown in italics/bold 

(FOERACK3 XI,S SUhIMARu)(9/26/95 I 2  49 PM) Sheet I of I 
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SUMMARY OF RISKS 
CURRENT ONSITE WORKER 

AREA OF CONCERN NO. 2 

Central Tendencv Reasonable Maximum 
Pathway HiuardIndex CancerRisk Hazardhdex CancerRisk 

1.4SEo7 Ingestion of surface soil 2.44E-07 3.66E-09 
Inhalation of particulates h m  surface soil 5.78E-09 4.58E-08 
D d  contact with surface soil* 4.90E-08 7.85 E 13 3.11E-07 3.11511 
External Radiation 4.62E-10 5.23E-09 
Total 2.93E-07 9.90609 1.86E-06 1.96E-07 

1.55E-06 

* Dermal contact with metals (except menmy) and radionuclides is considered insignificant 

Note: Changes fiom draA final to fmal are shown in italics/bold 

(COWAOC2 XLS SUMMARYj(91261951 01 PM) Sheet 1 of 1 





SUMMARY OF RISKS 
FUTURE INDUSTRZAWOFFICE WORKER 

AREA OF CONCERN NO. 2 

Central Tendency Reasonable Maximum 
Pathway HazardIndex CancerRisk Hazardhdcx CancerRisk 

Ingestion of slufice soil 7.17EO7 1.08E-08 9.10E-06 8.53E-07 
Inhalation of particulates ffom surfice soil 2.58E-08 2.7OE-07 
Damal mmwithsurf~  soil* 1.78EO7 2.853-12 1.13E-06 1.13E10 
Inhalation of mdoor VOCs 8.51E-12 1.13E14 1.42511 1.18E13 
Extemal Radiation 2.72E-09 3.08E-08 
Total 8.96EO7 3.93608 1.02E-05 1.15606 

* Dermal contact with metals (except mercury) and radionuclides is cxmsidaed insignificant 

Note: Changes &om draft final to fmal are shown in italics/bold 

(FOOWAOCZ X I 5  S l Jh lMAR~~(9I26IYS I OS P M )  
Shed I or I 
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SUMMARY OF RISK 
FUTURE ONSITE ECOLOGICAL RESEARCHER 

AREA OF CONCERN NO. 2 

Central Tendency Reasonable Maximum 
Pathway Hazardhdex CancerRisk Hazardhdex CancerRisk 

Ingestion of surface soil 1.40E-06 1.32E-08 5.00E-06 4.70E-08 
Inhalation of particulates from surfm soil 6.3IEO9 1.18608 
Dermal contact with d a c e  soil* 1.18E-07 l.18E-12 6.56E-07 6.58E-12 
I n g d m  of surface watet - Walnut Creek 2.13E-06 1.86E-11 1.82-5 1.59E10 
Ingestion Of surfjtoe wata - W ~ m a n  W k  1.12E-06 1.03E-10 9.59E-06 8.85E-10 
Dermal c o n w  with surface water- Walnut Creek 1.17E-04 2.97309 2.00E-04 5.09E09 
Dermal contact with d a c e  watcr - Woman Creek 3.89E-05 5.00E-10 6.66E-05 8.58E-10 
External Radiation 8.15E10 1.02E-09 
Total 1.60E-04 2.39E08 3.00E-04 6.69E08 

* Dermal contact with metals (except mercury) and radionuclides is considered insignificant 

Note: Changes from draft final to final are shown in italidold 

(FOERAOCZ XLS SUMhlARW9I26195 I 03 Phl) si,c:1 I or  I 
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SUMMARY OF RLSK 
OPEN SPACE USER 

AREA OF CONCERN NO. 2 

Central Tendency Reasonable Maximum 
Pathway Hazardhdex CancerRisk HazardIndex CancerRisk 

Ingestion of surface soil by an adult 
Ingestion of surface soil by a child 
Carcinogenic effects of soil ingestion 
Inhalation of particulates fiom surface soil 
Dermal contact with surface soil* 
Ingestion of surface water - Walnut Creek 
Ingestioo of surfice water - Woman Creek 
Dermal contact with surface water - Walnut Creek 
Dermal contact with surface water - Woman Creek 

5.82E-08 
5.10E-07 

1.293-09 
1.90E-06 
1.003-06 
2.053-05 
6.833-06 

2.353-09 
1.28E-10 
4.653-14 
5.963-11 
3.323-10 
1.87E-09 
3.163-10 

9.10E-07 
8.49E-06 

1.43E-07 
2.28E-05 
1.20E-05 
2.51E-04 
8.35E-05 

1.23E-07 
3.41E-08 
1.713-11 
2.39E-09 
1.333-08 
7.643-08 
1.29Eo8 

Extemal Radiation 1.523-10 3.08E-09 
Total 3.083-05 5.81609 3.79E-04 2.6SE-07 

* Dermal contact with metals (except mercury) and radionuclides is considered insignificant. 

Note: Changes &om draft fmal to fmal are shown in italicsbold 

(OSUAOCZ hZS SillhIhlARfi(9126195 I I3 PM) Sheet I of I 





SUMMARY OF RISK 
FUTURE ONSJTE CONSTRUCTION WORKER 

AREA OF CONCERN NO. 2 

Central Tendency Reasonable Maximum 
Pathway Hazardhdex CancerRisk HazardIndex CancerRisk 

Ingestion of subsurfm soil 3.23E-03 1.82M2 1.41E-07 2.52E-08 
Inhalation of partiwlates h m  surface and subsurface soil I .  7SE-09 2.18E-09 
Damal amtact with subsurface soil* 
Extcmd Radiation 1.53E-09 1.91Eo9 
Total 3.23E-03 2.8SE-08 1.82E-02 1.16607 

*Dermal absorption of metals and radionuclides is considemi insigniticant 

Note: Changes &om draft fmal to fmal are shown io italicshld 

(FOCWAOCZ X I S  SUhlhlAR\7(9/26/Y5 I OB I’M) Sheet I of I 
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SUMMARY OF RISK 
HYPOTHETICAL ONSITE RESIDENT 

AREA OF CONCERN NO. 2 

Central Tendency Reasonable Maximum 
Pathway Hazard Index CanWRkk H d I n & x  CancerRkk 

Ingestion of surface soil by an adult 5.45E-06 2.55E-OS 
Ingestion of surface soil by a child 6.52E-05 2.383-04 
carcinogenic effects of soil ingestion 2.483-07 3.44E-06 

Z.36Eo6 Inhalation of particulates h m  surface soil 
Dmdcont&withsurfacesoil* 1.293-07 4.64E-12 3.99E-06 4.79510 
Ingestion of vegetables with soil deposition 2.60E-08 8.75510 1.94E-07 2.18E-08 
Ingestion offiuii with soil deposition 3.39E-08 1.14E-09 2.377507 2.67E-08 
Ingestion of leafy vegdables with root uptake 1.18E-05 9.35E-09 4.42-5 1.16E-07 
Ingestion of other produce with root uptake 1.42Eo4 1.20E-08 4.97Eo4 8.47E-08 
Ingestion of groundwater 6.04E-04 3.10E-07 4.303.03 7.35E-06 
Ingestion of surface water - Walnut Creek 1.52E-06 4.77511 2.77E-05 2.89E-09 
Ingestion of surface wata - Woman Creek 8.01E-07 2.66E-10 1.46E-05 1.61-8 
Dermal contact with surface water - Walnut Creek 8.363-05 7.64E-09 5.95E-04 1.81E-07 
Dermal contact with surface water - Woman Creek 2.78E-05 1.293-09 1.98E-04 3.06E-08 
Inhalation of VOCs from idltration 1.89511 5.64E-14 4.5351 1 4.50E13 
Inhalation of VOCs from groundwater use 2.07E-05 3.09E-08 4.95E-05 2.47E-07 
External Radiation 1.63E-08 1.74Eo7 
Total 9.63E-04 Z67E-07 6.00E-03 1.3lE-05 

* Dermal contact with metals (except mercury) and radionuclides is considered insignificant 

Note: Changes from draft fmal to final are show in italics/bold 

Z.29W7 
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SUMMARY OF RISK 
CURRENT OFFSITE RESIDENT 

SOUTHEAST 
AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pathway HazardIndex CancerRisk Hazardhdex CancerRisk 

0.00EM0 0.00EM0 Ingestion of surface soil by a child* 0.00EM0 0.00EM0 
O.OOE+OO O.OOE+OO Ingestion of surface soil by an adult* O.OOEM0 0.00EM0 

carcinogenic effects of soil ingestion' 0.00EM0 0.00EM0 O.OOEM0 O.OOE+OO 
Inhalation of particulates fiom surface soil O.OOE+OO Z.4OE-09 O.OOE+OO Z.47E08 
Dermal contact with surface soi~' O.OOEM0 0.OOEMO O.OOE+OO O.OOE+OO 
Ingestion of vegetables with soil deposition* O.OOEM0 O.OOEM0 0.00EM0 O.OOEM0 

O.OOEM0 Ingestion of h i t  with soil deposition* 0.00EM0 0.00EMO O.OOE+OO 
Total 0.00EMO Z.4OE-09 O.OOE+OO Z.47E08 

* Windborne contaminants ftom AOC No. 1 are not deposited in signiGcant concentrations at this location 

Note: Changes fiom draft fmal to fml are shown in italicdbold 

(CORSAOCI XLS SUMMARY)(9/26/95 I 26 PM) Sheet I of I 
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SUMMARY OF RISK 
FUTURE OFFSITE RESIDENT 

WOMAN CREEK 
AREA OF CONCERN NO. 1 

centrat Tendency Reasonable Maximum 
Pathway HazardIndex CancerRisk HazardIndex CancerRisk 

Ingestion of surface soil by an adult* 
Ingestion of surface soil by a child* 
catcinogenic &bats of soil ingestion' 
Inhalation of particulates fiom surface soil 
I)amal contact with surface .soil* 
Ingestion of vegetabla with soil deposition* 
Ingestion of fiuii with soil deposition* 
Ingestion of surfsce water 

0.00EM0 
0.00EMO 

0.00EMO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
8.01E-07 

O.OOEM0 
8.26ElO 
O.OOE+OO 
0.00EiQO 
O.OOE+OO 
2.663-10 

0.00EM0 
0.00EM0 

O.OOEM0 
O.OOEM0 
O.OOE+OO 
O.OOEM0 
1.46E-05 

O.OOE+OO 
8.68-9 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.613-08 

Dermal contact with surface water 2.783-05 1.29E-09 1.98E-04 3.063-08 
Total 2.86E-05 2.38609 2.13E-04 5.54-8 

* Wmdbome COCs &om AOC No. 1 surface soil are not deposited in signifcant quantities at this receptor location 

(FRWMA0CI.XI.S SUMMARY)(9/26195 I 42 Phl) Sheet I of I 
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SUMMARY OF RISK 
CURRENT OFFSITE RESIDENT 

INDIANA SOUTH 
AREA OF CONCERN NO. 2 

Central Tendencv Reasonable Maximum 
Pathway HazardIndex CancerRisk HazardIndex CancerRisk 

Ingestion of d i c e  soil by an adult* O.OOE+OO O.OOE+OO 0.00Ei-00 0.00EMO 
O.OOE+OO Ingestion of sufiice soil by a child* O.OOE+OO 0.00EUIO 0.00EMO 

Carcinogenic effeds of soil ingestion* O.OOE+OO O.OOE+OO O.OOE+OO 0.00EMO 
O.OOE+OO 9.07E-12 Inhalation of particulates fiom d b e  soil O.OOEi-00 8.63E-13 

Dermal contad with nufj, soil* 0.00Ei40 O.OOE+OO O.OOE+OO O.OOE+OO 
Ingestion of vegetables with soil deposition* O.OOE+OO O.OOE+OO 0.00EMO O.OOE+OO 
Ingestion of h i i  with soil deposiion* O.OOEi-00 0.00EMO 0.00Ei-00 O.OOE+OO 

0.00EMO 9.07EI2 Total 0.00EMO 8.63E13 

* Windborne contaminants from AOC No. 2 are not deposited in si&cant concentrations at this location 

Note: Changes h m  draft final to final are shown in itali&ld 

(COKlAOC2 XLS SUhlMARY)(9/26/95 I 49 PM) Sheet I of I 
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SUMMARY OF RISK 
CURRENT OFFSITE RESIDENT 

SOUTHEAST 
AREA OF CONCERN NO. 2 

Central Tendency Reasonable Maximum 
Pathway HazardIndex CancerRisk HazardIndex CanctrRisk 

Ingestion of surface soil by an adult 2.76E3-12 1.29Ell 
Ingestion of surface soil by a d d d  3.30E11 1.20E10 

1.243-13 1.73E12 Carcinogenic effeds of soil ingestion 
Inhalation of particulates from surface soil O.OOEtO0 5.72E11 0.00EMO 6.01ElO 
Dcrmal oontad with surfice soil' 6.533-14 2.353-18 2.023-12 2.43E-16 

Ingestion of fiuit with soil deposition 4.46E-11 1.493-12 3.12E10 3.48E-11 
Total 1.15ElO 5.99E-11 7.03E 10 6.66ElO 

Ingestion of vegetables with soil deposiion 3.41E11 1.14E12 2.SSE10 2.84E-11 

* Dermal contad with metals (except mercury) and radionuclides is considered insignificant 

Note: Changes fiom draft fmal to find are shown in italicsibold 

(CORSAOC2 XLS SUMMARY)(9/26/95 I 51 Phl)  Sheet I of I 
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SUMMARY OF RISK 
FUTURE OFFSITE RESIDENT 

WALNUT CREEK 
AREA OF CONCERN NO. 2 

Central Tendency Reasonable Maximum 
Pathway HazardIndex CancerRisk HazardIndex CancerRisk 

Ingestion of surface soil by an adult* 
Ingestion of surface soil by a child* 
Carcinogenic effects of soil ingestion* 
Inhalation of particulates fiom surface soil 
Dermal contad withsurfice soil* 
Ingestion of vegetables with soil deposition* 
Ingestion of h i t  with soil deposition* 
Ingestion of surf= water 
D d  contactwithsurface water 
Total 

0.00EMO 
O.OOE+OO 

0.00EMO 
0.00E4-00 
O.OOE+OO 
O.OOE+OO 
1.52E-06 
8.36E-05 
8.5 1E-05 

O.OOE+OO 
2.6OE-I2 
O.OOE+OO 
O.OOE+OO 
0.00EM0 
4.77E11 
7.64E-09 
7.69E-09 

0.00EMO 
0.00EMO 

O.OOE+OO 
O.OOE+OO 
O.OOEi-00 
O.OOE+OO 
2.77E-05 
5.95E-04 
6.23-4 

O.OOE+OO 
2.73E-11 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2.89E-09 
1.81E-07 
1.84E-07 

* Windborne contaminants from AOC No. 2 are not deposited in significant concentrations at this location. 

Note: Changes from draft final to final are shown in italicsibold 

(FORWAOCZ X I 3  SUMhIARYX9/26/95 IO 14 PM) stiect I or I 
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SUMMARY OF RISK 
FUTURE OFFSITE RESIDENT 

WOMAN CREEK 
AREA OF CONCERN NO. 2 

Central Tendency Reasonable Maximum 
Pathway HazatdIndex CancerRisk HazardIndex CancerRisk 

Ingestion of surf’ soil by an adult 
Ingestion of surf’ soil by a child 
c a r c i g e n i c  &e& of soil ingestion 
Inhalation ofparticulates fium Rvfarx soil 
Dermal contact with surface soil* 
Ingestion of vegetables with soil deposition 
Ingestion of fruit with soil deposition 
Ingestion of surface water 

2.763-12 
3.30Ell - 
6.53E14 
3.41511 
4.463-1 1 
8.01E-07 

1.24513 
3.2IEl I 
2.353-18 
1.14E12 
1.49E-12 
2.66510 

1.29511 
1.203-10 

2.023-12 
2.55510 
3.123-10 
1.46E-05 

1.733-12 
3.37E-IO 
2.43E16 
2.84511 
3.483-1 1 
1.61E-08 

Damal contact with surface water 2.783-05 1.29Eo9 1.98E-04 3.06E-08 
Total 2.86E-05 1.59M9 2.13E-04 4.7lE08 

* D d  contad with metals (except mercury) and radionuclides is considered insignificant 

Note: Changes from draft final to final axe shown in italicshold 
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