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noncarcinogenic effects. RME (2E-04) and CT (5E-06) cancer risk estimates 
for this receptor are at or 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. However, RME cancer risk estimates are likely to significantly 
overestimate actual risk for this receptor because (1) two extreme values in the 
Pu-239/240 sample set for surface soil bias concentration terms in this 
exposure area and (2) intake factors for ingestion and inhalation of soil are 
likely overestimated because of highly conservative exposure assumptions. 

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 and cancer risk estimates were below levels of concern for onsite receptors 
in AOC No. 2 (including the hypothetical onsite resident). 

Offsite ReceDtors 

HIS and cancer risk estimates for offsite residential receptors were negligible. 

Conclusions 

The maximum RME cancer risk estimate was 2E-04 for a future industrial/offce 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 slightly exceeds EPA's target risk range. 
HIS were below 1 for all onsite nonresidential receptors. Hazardhisk 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 mremjyear for protection of the public. The 
estimated annual radiation doses for the hypothetical onsite residents, even in the 1 O-acre 
maximum exposure area, were below 70 mrem/year. 
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In general, when cancer risk levels that do not exceed 1E-04 are combined with HIS that do 
not exceed 1 ,  the conclusion is that environmental contamination does not pose a threat to 
public health. Therefore, the results of the HHRA suggest that surface and subsurface soil 
in OU-2 may not pose a threat to public health. 

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. 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 scenarios. 
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), 
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 Rh4E 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 
exceed EPA's target cancer risk range (IE-04 to 1E-06) Although the RME provides a 
conservative overestimation of the actual risk to a future onsite industrial/office worker in 
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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. 
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TABLE ES-1" 
SUMMARY OF ESTIMATED HEALTH RISKS 

I 

Reasonable 
Maximum Exposure (RME) Average Exposure (CT) 

Carcinogenic Hazard Carcinogenic Hazard 
Risk Index Risk Index 

AOC No. 1** 
Current Worker 
Future Industrial/Officer Worker 
Future Ecological Worker 
Future Open Space Use 
Future Construction Worker 
Hypothetical Resident 

7E-07 2E-03 lE-05 1E-02 
3E-06 6E-03 8E-05 4E-02 
1E-06 5E-03 4E-06 2E-02 
2E-07 5E-04 1E-05 1 E-02 
2E-07 4E-03 3E-07 2E-02 
4E-04 2E+O 1 8E-03 1 EM2 

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

AOC No. 2**  
Current Worker 1E-08 3E-07 2E-07 2E-06 
Future Industrial/Oflicer Worker 4E-08 9E-07 1 E-06 1E-05 
Future Ecological Worker 2E-OS 2E-04 7E-08 3E-04 
Future Open Space Use 6E-09 3E-05 3E-07 4E-04 
Future Construction Worker 3E-08 3E-03 1 E-07 2E-02 
Hypothetical Resident 8E-07 1E-03 1E-05 6E-03 

~ 

Offsite Receptors*** 
Current Resident, Southeast 1 E-09 0 2E-08 0 
Current Resident, Indiana' South 9E- 13 0 9E- 12 0 
Future Resident, Walnut CrAndiana 8E-09 9E-05 2E-07 6E-04 
Future Resident, Woman C r h d i a n a  2E-09 3E-05 6E-08 2E-04 

* Same as Table H11-1. 
** 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 



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. 

- -  
23.1 Air Quality 

Air quality monitoring programs have been conducted at WETS since the early 1950s. The 
plant 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 
and nonradioactive ambient air monitoring, which consists of total suspended particulates and 
respirable particulates less than or equal to 10 micrometers (PM,,). 

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 
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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 PM,,. Ambient particulates are 
regulated by EPA and CDH under the Clean Air Act Amendments of 1990 (US Congress 
1990), as defined by the National Ambient Air Quality Standards (NAAQS) and Colorado Air 

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. 

Quality Control Commission Ambient Air Standards. The NAAQS was originally based on _ _  

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 was collected in 1989 
through 1993 (see Appendix G). Generic mixing height data for the Denver area were 
obtained from Mixing Heights, Wind Speeds, and Potential for Urban Air Pollution 
throughout the Contiguous United States (EPA 1992n). Eight mixing heights were used, one 
for morning and one for afternoon for winter, spring, summer, and autumn. The heights 
ranged from 163 meters to 3358 meters. 

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 WETS 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, i t  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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The seep sampling locations with associated sediment sampling locations in OU-2 
(Figure 2.4-1) are as follows: 

Mound Area 903 Pad Area East Trenches Area 

SW059 SW050 SW103 
SW056 SW057 Sed 051 

SW052 Sed038 
SW058 
SW053 

SW064 Sed 031 - -  
SW063 

Rocky Flats ER SOPS are used during surface water, sediment, and pond sampling activities. 
Surface water samples are collected as grab or as composite samples in a priority order. 
Samples are collected in accordance with ER SOP SW.3. Equipment for surface water 
sampling is also described in ER SOP SW.3. 

Sediment samples are collected using core samplers or a stainless-steel scoop. Core samplers 
are used for the collection of VOCs and composite samples of bed materials that are 
saturated. Stainless-steel scoops are used for composite sample collection of dry bed 
materials. Large particles and debris are removed from composite samples. 

Sediment samples are collected in accordance with ER SOP SW.6. ER SOP SW.6 also 
includes a description of sampling equipment. The effectiveness of the equipment cleaning 
procedures is monitored by submitting rinse water for analysis to laboratories. 

Measurement of field parameters at surface water sites is conducted in accordance with ER 
SOP SW.2. Residual chlorine can act as an oxidizer for VOCs, cyanide, and base neutral 
acid extractable (BNA). If the concentration of total residual chlorine (TRC) is 
20.2 milligrams per liter (mgA), the samples are preserved. 

Parameters measured at surface water sites are air temperature, water temperature, dissolved 
oxygen (DO), pH, TRC, alkalinity, and specific conductance. Air temperature, water 
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Table 3.3-2 is an annual joint frequency distribution of the wind direction categorized by 
wind speed class at WETS, based on the pre-processed meteorological data for 1992 used 
in the dispersion modeling analysis. These data are presented as a wind rose in Figure 3.3-1. 
Compass point designations indicate the true bearing when facing the wind (direction from 
which the wind flows). Northwest winds are predominant at WETS. 

Pasquill-Gifford stability classes were used in atmospheric dispersion estimates. Stability 
classes at WETS were calculated using the Sigma Theta method, which categorizes the class 
of stability as a function of the standard deviation of horizontal wind direction by horizontal 
wind speed and time of day. The classes range from A to F, extremely unstable to 
moderately stable, respectively. The D class represents neutral stability characteristics. The 
data show that unstable characteristics (A through C) occur approximately 1 1  percent of the 
time. Stable cases (E and F) occur approximately 43 percent of the time. Thus, neutral 
conditions (D) occur approximately 46 percent of the time. 

3.4 SOIL 

The surface soil at OU-2 is predominantly deep, well-drained loams, clay loams, and very 
cobbly sandy loams with slow permeability. The soils along the flood plain and low terraces 
of Woman and South Walnut Creeks consist of stratified loamy alluvium from the Haverson 
series and the Nunn clay loam (Figure 3.4-1). The soils at the top of the OU-2 mesa, where 
gravel and cobbles of the Rocky Flats Alluvium are common, consist of gravelly and sandy 
loam from the Flatirons series. Along the slope of the mesa, soils consist of cobbly to sandy 
loamy alluvium with moderate permeability from the Nederland series and clay loams from 
the Denver, Denver-Kutch-Midway, and Midway series. The eastern edge of OU-2 contains 
the clay loams of the Denver-Kutch series and Englewood series. Small areas of the Leyden- 
Primen-Standley series, a cobbly clay loam, and the Standley-Nunn series, a gravelly clay 
loam, occur north of Central Avenue near Indiana Street. Runoff is generally rapid, and 
erosion hazard is severe on the steep portions of the hillside. Runoff is slow to moderate and 
erosion hazard is slight to moderate on flatter slopes near Woman Creek, near Indiana Street, 
and on top of the mesa. Shrink-swell potential is low in the Haverson series, low to moderate 
in cobbly and gravelly units, and high in all other units. 
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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 'IB" 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 II (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 the 
regional geology of the Front Range and High Plains surrounding the WETS site, the reader - 
is referred to the Geologic Characterization Report (DOE 1991d). (It should be noted that 
the March 1995 Geologic Charucterizution Report for WETS [DOE 1995dl has recently 
become available.) 

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 I1 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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Artificial fill was placed beneath and west of the Old Firing Range along the Woman Creek 
hillside. Fill was probably used to level the site prior to construction. The lift is several feet 
thick along the fill area west of the Old Firing Range and thickens beneath the range itself. 
A linear soil berm was placed along the extreme eastern edge of the Old Firing Range as a 
backstop. A small berm of soil was place around the base of a high tension electrical line 
pole located south of the East Spray Fields (Figure 3.5-20). A small elongate berm of 
unknown origin is located due south of the old gravel quarry. The berm appears on air 
photos at the same time as quarry activities and is probably associated with this operation. 
Several feet of graded artificial fill is located due south of the fence surrounding the 903 Lip 
area. 

3.5.2 Bedrock Geology 

Bedrock geologic units within OU-2 c sist of Cretaceous claystones, siltstones, a d 
sandstones of the Arapahoe Formation and the upper portion of the Laramie Formation 
(Figure 3.5-1). The regional dip of these Cretaceous strata beneath OU-2 is estimated to be 
approximately 1 to 2 degrees east-southeast (DOE 1992b). The bedrock nomenclature or 
designations and geologic ages used in this report are discussed in the following text. In the 
subsequent subsections, the geologic characteristics of these bedrock units will be discussed. 

In 199 1, the Geologic Characterization Report (DOE 199 1 d) defined at least five mappable 
sandstone intervals within the shallow bedrock beneath WETS and OU-2. This report 
designated these intervals as Sandstones No. 1 through No. 5 ;  Sandstone No. 1 being the 
shallowest interval and Sandstone No. 5 being the deepest. The sandstones were said to be 
lenticular in geometry and may not be present in all boreholes or areas beneath WETS. The 
base of the Upper Cretaceous age Arapahoe Formation was tentatively placed at the bottom 
of the No. 5 Sandstone. This designation made the Arapahoe Formation approximately 150 
feet thick in the central portion of the WETS. Phase I1 (Alluvial and Bedrock) RFI/RI 
workplans (DOE 1991a; 1991b) used this No. 1 through No.5 designation for the sandstones 
beneath the OU-2 area as well. (It should be noted that the March 1995 Geologic 
Characterization Report for WETS [DOE 1995dl has recently become available.) 

In 1992, a palynologic study of bedrock core 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), collected from the bedrock materials for determinations of 
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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 II 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. 1Sandstone 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. 

- 

3.5.2.1 Arapahoe Formation No. 1 Sandstone 

The Geologic Characterization Reporf (DOE 199 1 d) states that the Arapahoe Formation 
beneath the WETS site is a fluvial deposit composed of channel, point bar, and overbank 
deposits. The report also states that most of the Arapahoe Formation sandstones are 
predominantly fine- to medium-grained and represent deposition in low to moderate flow 
regime meandering streams. 
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briefly in Section 3.6.2.2.3 and in more detail in Section 3.6.2.3. 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 Rocky 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 and/or 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, i t  
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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Based on available water level and top of bedrock data, it appears that the bedrock step 
feature discussed in Section 3.5 does not substantially influence alluvial groundwater flow. 
This is apparently because the south paleoridge separates the saturated alluvium in the medial 
paleoscour from the bedrock step. East of the bedrock step, the lateral extent of saturated 
alluvium increases due to the presence of the eastern bedrock low feature and discontinuation 
of the south paleoridge. 

The areal extent and thickness of the saturated alluvium within the medial paleoscour varies 
considerably with the season. Figures 3.6-2, 3.6-3, and 3.6-4 show the areal extent and 
thickness of the saturated alluvium in the first, second, and third quarters of 1992, 
respectively. Figures 3.6-5 and 3.6-6 depict the first and second quarter canditions with a 
relief perspective. First quarter conditions (March 1992) represent the low groundwater level 
conditions for the year (Figures 3.6-2 and 3.6-5). During this period, the areal extent of 
saturated alluvium was mostly confined to the central portion of the medial scour, and the 
maximum saturated thickness was approximately 8 feet. Second quarter conditions (May 
1992) represent the high groundwater level conditions for the year (Figures 3.6-3 and 3.6-6). - 

The areal extent of the saturated alluvium in May was, in general, still bounded by the 
adjacent paleoridges over much of the scour length, but was much larger, with the estimated 
width of the saturated zone increasing by as much as 250 feet from low to high flow 
conditions. The maximum saturated thickness of alluvium during second quarter 1992 was 
estimated to be approximately 17 feet. Third quarter (July 1992) conditions represent an 
intermediate flow condition (Figure 3.6-4) with the areal extent and thickness of the saturated 
alluvium at an intermediate level between those measured in the first and second quarter. 

As shown on Figures 3.6-2 through 3.6-4, an area of saturated alluvium occurs in the vicinity 
of Well 2687 (south of the Soutkast Trenches Area) during second and third quarter 1992 

that was not observed during first quarter. Saturated thickness in the alluvium at Well 2687 

in first and second quarter 1992 was about 7 feet and 3.5 feet, respectively. A review of the 
hydrograph for Well 2687 (Appendix B4) indicated that, prior to second quarter 1992, the 
alluvium at this well location has been essentially dry since January of 1989. A comparison 
of the location of Well 2687 relative to the crest of the south paleoridge (see the boundary 
of the groundwater collection basin on Figures 3.6-2 through 3.6-4) indicates that the 

saturated alluvium in the vicinity of Well 2687 is south of the south paleoridge crest. Based 
on the groundwater elevations in the saturated alluvium within the medial paleoscour relative 
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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 in the background comparison in 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. 

- -. 

0 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, 
pesticidesPCBs, 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 
Analytical Services Protocol (GRRASP) (EG&G 1994a). The work plan 
associated with the RFETS Groundwater Monitoring Program is Groundwater 
Protection and Monitoring Program Plan (GPMPP) (EG&G 199 1 through 
1994). 

0 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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4.1.1.4 

third quarter of 1993 were used in the OU-2 characterization. In general, 
LHSU groundwater samples were analyzed for VOCs, SVOCs, 
pesticidesRCBs, metals (filtered and unfiltered), radionuclides (filtered and 
unfiltered), and other non-metal inorganics. The analytical protocol are 
documented in GRRASP (EG&G 1991 through 1994). The work plan 
associated with the WETS Groundwater Monitoring Program is Groundwater 
Protection and Monitoring Program Plan (GPMPP) @G&G 1991 through 
1994b). 

0 Groundwater data obtained from LHSU wells installed and sampled during the 
OU-2 Phase II revised bedrock investigation were added to thtwquarterly, site- 
wide WETS Groundwater Monitoring Program. Sampling results from the 
second quarter 1993 through the third quarter 1993 were available for the 
OU-2 characterization. Analytical results include VOCs, metals (filtered and 
unfiltered), other non-metal inorganics, and radionuclides (filtered and 
unfiltered). This analyte list is a subset of the analyte list used for UHSU 
samples. Certain analytes (SVOCs, pesticidesPCBs, chloride, NO,, NO,, 
Cs-137, Sr-89/90, Ra-226/228) were not detected at frequencies greater than 
5 percent in HSU groundwater, the only source for LHSU groundwater 
contamination and, therefore, were not considered likely to occur in LHSU 
groundwater. Therefore, they were eliminated from the LHSU analyte list. 
The sampling methodology used during the OU-2 bedrock investigation is 
described in Section 2.2.3 and the analytical protocol are documented in 
GRRASP (EG&G 1991 through 1994). The work plan associated with this 
sampling event is Final Revised Phase 11 RFI/RI Work Plan (Bedrock) for 
Operable Unit No. 2 Technical Memorandum No. 8, (DOE 1993a). 

- 

SeeD Surface Water and SeeD Sediment Data 

At several locations in OU-2, UHSU groundwater discharges to surface seeps. Several of 
these seep surface water locations are sampled on a quarterly basis under the site-wide 
WETS Surface Water Monitoring Program. The seep sampling locations in OU-2 include 
SW051, SW052, SW053, SW056, SW057, SW058, SW059, SW063, SW064, SW065, and 
SW103 (Figure 2.4-1). In general, the seep surface water samples were analyzed for VOCs, 
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SVOCs, pesticidesPCBs, 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 selected seep surface water locations; these include 
sediment locations SED031 and SEDO38, co-located with water locations SW064 and 
SWO57/SWO5 1, respectively. In general, the seep sediment samples were analyzed for VOCs, 
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). 

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 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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4.1.2 Chemical Data Evaluation 

The chemical data used to characterize OU-2 were acquired from WEDS, a large relational 
database used to store and track all analytical data generated for WETS. Data used in the 
characterization of OU-2 for this RFVRI are limited to those acquired from WEDS before 
February 1994. Analytical data are transferred into WEDS upon receipt from the laboratory 
and, again, upon receipt from the validator. The process by which these chemical data were 
acquired from WEDS, subsequently evaluated, and used is described in Appendix J, 
Section J6.3. The chemical data qualifiers assigned by the laboratories and codes assigned 
by the validator are defined in Sections J6.1 and 56.2 and again on Figure 4.2-1. Section 56.3 
describes how the detection limits for the various analytical methods4erformed are 
interpreted. Sections J1.0 through J8.0 present the QA/QC review, which was conducted to 
illustrate that the chemical data quality objectives (CDQOs) for OU-2 were met. A summary 
of the QA/QC review is presented in Section 4.1.4. 

4.1.2.1 Potential Laboratorv and Other Non Site-Related Contaminants 

Reported chemical concentrations were evaluated to determine whether chemicals were 
introduced into the sample by means of sampling and/or analytical procedures. Extraneous 
chemicals introduced in this manner are referred to as potential laboratory and other non site- 
related contaminants. Control samples are collected, prepared, and analyzed with the 
environmental samples to assist in this evaluation. Control samples include trip blanks and 
equipment rinsate blanks (collected in the field) and method blanks (prepared in the 
laboratory). 

For organic chemical data that were validated by the WEDS acquisition date of February 
1994, reported concentrations of common laboratory contaminants (acetone, CH,CI,, 
2-butanone, and ester phthalates) were reviewed by the validation contractor to assess the 
origin of the contaminants. Data were evaluated to determine whether the contaminants 
originated in the laboratory or were present in the environmental sample when received by 
the laboratory. If a common laboratory contaminant was detected in a laboratory method 
blank and the respective contaminant was also detected in the associated environmental 
sample(s), then the environmental sample(s) was qualified with a "B" (blank contamination) 
by the laboratory. The validators then assessed whether the contaminant present in the 
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Chemical results with distributions significantly different than background 
distributions and detected at a frequency of 5 percent or greater were included 
in concentration/toxicity screens to identify the chief contributors to potential 
risk. These were retained as COCs for the HHRA. 

Chemicals detected at a frequency of less than 5 percent were not included in 
the selection of OU-wide COCs but were evaluated in a separate risk-based 
screen to identify special-case COCs that warrant separate evaluation in the 
HHRA. Any infrequently detected chemical (i.e., chemical detected at a 
frequency of less than 5 percent) that occurred at a concentration greater than 
1,000 times its respective preliminary PRG was included as-a special case 
COC. 

Table 4.1-13 presents a list of the COCs for surface soil, subsurface soil, and UHSU 
groundwater. 

4.1.7 Applicable or Relevant and Appropriate Requirements 

ARARs are developed as guidelines or benchmarks, to compare levels of contamination 
present at the site to regulatory standards. The DOE is responsible for identifying those 
promulgated standards, requirements, criteria, or limitations (Le., ARARs) to be met during 
the implementation of the selected remedy. Applicable requirements are those cleanup 
standards, standards of control, and other substantive requirements, criteria, or limitations 
promulgated under federal environmental, state environmental, or facility citing laws that 
specifically address a hazardous substance, pollutant contaminant, remedial action, location, 
or other circumstance at a CERCLA site. Relevant and Appropriate requirements are those 
cleanup standards, standards of control, and other substantive requirements, criteria, or 
limitations promulgated under federal environmental, state environmental, or facility citing 
laws that, while not "applicable" to a hazardous substance, pollutant, contaminant, remedial 
action, location, or other circumstance at a CERCLA site, address problems or situations 
sufficiently similar to those encountered at the CERCLA site so that their use is well suited 
to the particular site. Only state standards that are promulgated and identified in a timely 
manner by the state and are more stringent that federal requirements qualify as ARARs. For 
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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, pesticides/PCBs, 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 duting 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 4.1.5 contains a discussion of the source areas.) 
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The other SVOC detected was n-nitrosodiphenylamine (51 J pgkg) collected from a depth of 
0.9 to 3.75 feet in borehole BH2887. 

Pesti ci des/PCB s 

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

Four PCOC metals (As, Ba, Cd, and Pb) were detected at concentrations above the BSLs in 
MSS 140, as presented in Table 4.3-4. As (a subsurface soil COC), Cd (atso asubsurface 
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 mgkg  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 mg/kg. 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-239/240 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 comer of IHSS 140. All except one sample of Pu exhibiting elevated 
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activity concentrations were collected at depths less than ten feet; in general, the activity 
concentrations decreased with depth. 

Am-241 (a subsurface soil COC) was detected at activity concentrations above the BSL of 
0.012 pCi/g in 9 of 24 samples analyzed. The maximum activity concentration (12 pCi/g) 
was collected from borehole BH2687 at a depth of 0.3 to 2.5 feet. Am-241 was observed 
above the BSL in samples collected at depths of less than ten feet; activity concentrations 
decreased with increased depth. 

U-233/234, U-235, and U-238 are all COCs in subsurface soil. U-233/234 and U-238 
exceeded the BSL in 3 and 4 of 25 samples analyzed, respectively. U-235 was detected 
above the BSL in only one sample analyzed. The maximum activity concentrations of 
U-233/234 (55 pCi/g, BSL equals 2.643 pCi/g), U-235 (2.1 pCi/g, BSL equals 0.1 14 pCi/g), 
and U-238 (15 pCi/g, BSL equals 1.485 pCi/g) were detected in the sample collected from 
borehole 07591 at a depth of 8 to 14 feet. Borehole 07591 is located in the northeast portion 
ofIHSS 140. 

Cs-137 was detected at concentrations above the BSL of 0.3 pCi/g in 7 of 11 samples 
analyzed. The maximum activity concentration (1.3 pCi/g) was detected in borehole BH2687 
at a depth of 0.3 to 2.5 feet. Cs-137 was predominantly detected above the BSL at depths 
less than 10 feet. Gross alpha exceeded the BSL of 43.483 pCi/g in 5 of 25 samples 
analyzed. The maximum gross alpha activity concentration (190 pCi/g) was detected in 
borehole BH2687 at a depth of 0.3 to 2.5 feet. Gross beta was detected slightly above the 
BSL of 36.839 pCi/g in 4 of 23 samples analyzed. The maximum gross beta activity 
concentration (39 pCi/g) was detected in borehole 09791 at a depth of 2 to 8 feet. Ra-226 
and Ra-228 were detected above the BSLs in 4 and 2 of 15 samples analyzed, respectively. 
The maximum activity concentrations of Ra-226 (1.5 pWg, BSL equals 1.208 pCi/g) and 
Ra-228 (26 pCi/g, BSL equals 2.038 pCi/g) were detected in borehole 09791 at a depth of 
2 to 8 feet. Sr-89/90 exceeded the BSL of 0.747 pCi/g in 2 of 25 samples analyzed. The 
maximum activity concentration of Sr-89/90 (1 pCi/g) was detected in borehole BH2887 at 
a depth of 8.8 to 9 feet. 'H was detected above the BSL of 395 pCiL in 4 of 25 samples 
analyzed The maximum 'H activity concentration (600 pCiL) was detected in borehole 
09691 at a depth of 2 to 9 feet. 
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VOCs 

Table 4.3-7 lists the twelve VOCs detected in subsurface soil samples collected from 
Trench T-9. One of the twelve VOCs detected (toluene) is a suspected field contaminant 
(Section 4.1.2.1) and is shown separately on Figure 4.3-24. The other VOCs detected were 
1,1,1 -TCA, 1,2-DCA, 1,2-DCE, CHCI,, ethylbenzene, CH,Cl,, TCE, 2-butanone, 4-methyl- 
2-pentanone, acetone, and total xylenes (Figure 4.3-25). 

The vertical distributions of select VOCs (1,2-DCA, 1,2-DCE, CHCI,, TCE, and total VOCs) 
in boreholes 07991, BH4987, and BH4887 are shown in cross section on Figure 4.3-32. The 
VOCs 1,l -TCA and 2-butanone were detected in multiple samples collecteMrm borehole 
B215389. l,l,l-TCA was detected in four samples obtained from borehole B215389, all with 
an estimated concentration of 3 & k g .  2-Butanone concentrations were relatively constant 
with depth in borehole B215389 (concentrations ranged from 11 pgkg  to 17 pgkg). 
1,2-DCA was detected in 4 of 19 samples with reporfed concentrations ranging from 15J to 
34 pg/kg. CH2C12 and acetone were detected in 8 of 19 samples analyzed. The maximum 
concentration of acetone (710 pgkg) was collected from borehole BH4987 at a depth of 8 
to 15.54 feet. The maximum concentration of CH,CI, (17 pg/kg) was collected from borehole 
07991 at a depth of 27.7 to 27.9 feet. Additional VOCs detected were 1,2-DCE (9OJ pgkg), 
CHC1, (4J pgkg), ethylbenzene (26 &kg), 4-methyl-2-pentanone (1 1 pg/kg),TCE (6 pg/kg), 
and total xylenes (230 pgkg). The additional detections are all associated with a sample 
collected from borehole 07991 at a depth of 2.8 to 3 feet. 

svocs 

Table 4.3 -7 and Figure 4.3 -26 illustrate the eight SVOCs (2-methylnaphthalene, 
benzo[a]pyrene, bis[2-ethylhexyl]phthalate, chrysene, di-n-butyl phthalate, n- 
nitrosodiphenylamine, phenanthrene, and pyrene) detected in subsurface soil samples collected 
in Trench T-9. All SVOCs detected, with the exception of pyrene, had reported 
concentrations below their respective SQLs. The PAHs (benzo[a]pyrene, chrysene, 
phenanthrene, and pyrene) were also detected in a surface soil sample collected near 
Trench T-9. The PAHs and 2-methylnaphthalene were each detected only once and were 
limited to the 2- to 8-foot sampling interval from borehole 07991, N-nitrosodiphenylamine 
was detected in 2 of 1 1  samples analyzed, with both detections occurring in samples collected 
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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. 

PesticideslPCBs 

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). - -  

Metals 

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 mgkg. 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, and U-235 were all infrequently detected at activity 
concentrations only slightly above the BSLs. U-23 8 and Pu-239/240 were infrequently 
detected, but elevated activity concentrations of 2.95 pCi/g and 0.122 pCi/g, repsectively, 
were detected at a depth of 2 to 8 feet from borehole 07991. 
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VOCs were detected and no radionuclides, cyanide, or NO,/NO, were detected above BSLs 
in the one sample from the Southeast Trenches Source Area. 

The analytical results for the water quality parameters are shown in Table 4.4-6. 

4.4.2.5 Area East of OU-2 IHSSs 

v o c s  

Seven VOCs (acetone, CHCI,, CH,CI,, naphthalene, PCE, toluene, and TCE) were detected 
in UHSU groundwater samples from the East of IHSSs Source Area(Tab1e 4.4-7). 

Concentrations for all of the detected VOCs were below 10 pg/L. Plates 4.4-1 through 4.4-4 

show the VOC detections in UHSU groundwater in the East of IHSSs Source Area. 

Acetone was detected at the highest concentration (10 pg/L) of the detected VOCs. This 
occurred in a sample from Well 0386, located near the eastern facility boundary, adjacent to 
Indiana Street. The maximum concentration of toluene (estimated at 1 p a )  was also 
reported for a sample from this well. These detections occurred in 1 of 5 samples for acetone 

- 

and in 1 of 6 samples for toluene. 

CH,CI, was reported at its maximum concentration (3.3 pg/L) in a sample from Well 41591, 

located south of Well 0386. That detection was also a single isolated event of four samples. 
The other detections of CH,Cl, (1 p a ,  Well 3786; 0.3 pg/L, Well 3986; and 0.6 pg/L, Well 
06191) in the East of IHSSs Source Area were also isolated observations. 

CHCI, was detected twice in the area at low concentrations. At both Wells 06291 (0.2 pg/L) 

and 06391 (0.4 V g L )  where it was observed, the detections occurred as isolated events. 

PCE was detected at low concentrations (less than 1 p a )  on three occasions at Well 3986, 

an alluvial well on top of the OU-2 pediment, northeast of the East Spray Fields. Other 
isolated detections of PCE occurred at Wells 06191 (0.1 pg/) and 06391 (0.1 pg/L), both on 
top of the pediment, and Well 41591 (estimated at 0.1 pg/L), near the eastern facility 
boundary. TCE was infrequently detected at low concentrations (less than 1 pg/L) at Wells 
3986, 06291, and 41591. 
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s v o c s  

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

PesticidesPCBs 

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 pg/L) 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=145 pg/L), were detected in samples 
from Well 06491, located adjacent to the eastern facility boundary. 

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 4.4 pg/L, 
12 pg/L, 29 pg/L, and 50 pg/L, respectively. 

Mg, M i ,  and Sr were all observed at their highest concentrations (97,200, 1,200, and 
2,310 p g L ,  respectively) in this source area in samples from Well 41591, which is paired 
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with Well 0286 along the eastern facility boundary. The BSLs for these metals are 26,631 
pg&, 208 pgL, and 1,486 &I.,, respectively. 

Unfiltered Metals 

Twenty-three metals were detected at concentrations above BSLs in unfiltered samples 
collected in the East of IHSSs 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 sampfes-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. 

Unfiltered 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 4.4-7 and Plate 4.4-1 7). As for filtered analyses, the maximum activity concentrations 
for these elements (0.47 and 2.2 pCi/L, respectively) were observed in samples from Well 
41691. The BSLs for these radionuclides are 0.028 and 0.047 pCi/L, respectively. 

Water Ouality Parameters 

The analytical results for water quality parameters are summarized in Table 4.4-7 

BSLs were calculated for cyanide and NOJNO, only. Cyanide was detected in 1 of 20 
samples at a concentration of 68.8 (BSL is 23 pgL) in Well 41591. NO,/NO, was detected 
above BSL in 1 of 43 samples at a concentration of 77 mg/L (BSL is 38 mg&J in-Well 3986. 

4.4.2.6 Potential Occurrence of DNAPLs in the UHSU 

The ratio of observed concentrations of certain organic compounds in groundwater to the 
solubility of those compounds can be used as an indicator of the potential presence of 
DNAPL. When the chemical concentration of an organic compound in groundwater exceeds 
1 percent of that compounds solubility, it suggests that DNAPLs may be present (EPA 
1992b). 

- 

Table 5.2-1 summarizes the water solubility for the VOC COCs. Three VOC COCs were 
detected in UHSU groundwater at concentrations greater than one percent of their respective 
solubilities: CCl,, PCE, and TCE. Therefore, the presence of these compounds as DNAPLs 
in the UHSU groundwater may be inferred. The observed concentration of CC1, exceeded 
the one percent solubility threshold (8 mg/L) in samples from Wells 06691 and 08891 (903 
Pad Area); PCE concentrations exceeded the one percent solubility threshold of 1.5 mg/L in 
samples from Wells 02091 and 02291 (Mound Area) and 07391(Trench T-2); and the 
concentration of TCE exceeded the one percent solubility threshold (1 1 mg/L) in samples 
from Wells 3687 (Northeast Trenches Area) and 07391 (Trench T-2). 

4.5 LOWER HYDROSTRATIGRAPHIC UNIT GROUNDWATER 

This section presents the chemicals in OU-2 LHSU groundwater that were identified as 
PCOCs. Detected organic chemicals and PCOC inorganic chemicals exhibiting concentrations 
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TABLE 4.7-1 
SUMMARY OF FUAMP PLUTONIUM 
ACTIVITY CONCENTRATIONS - 1993 

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

Station Samples Olg/ml> (pg/ml) (pg/ml) C(standard) C(mean) 

PLUTONIUM A C T M T Y  CONCENTRATIONS ONSITE IN OU-2 

S6 10 0.016E-15 0.241E-15 0.078E-15 0.0794E-15 0.391E-15 
s 7  12 0.019E-15 0.4697E-15 0.163E-15 0.1E-15 0.813E-15 
S8 12 0 . 0 3 5  15 0.849E- 15 0.3 53E- 15 0.250E-15 0.1 17E- 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 0.024E-15 0.120E-15 

Overall 57 0.021E-15 0.4061E-15 0.158E-15 0.120E-15 0.790E-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 
s 3  9 11 0 0.004E- 15 0.001E-15 0.00 1E-15 0..005E-15 - 
Overall 40 .004 0.030E-15 0 005E-15 0.010E-15 0.0023E-15 

PLUTONIUM ACTIVITY CONCENTRATIONS ALL RFP ONSITE SAMPLERS (S-1 THRU S-25) 

Overall 237 -0.001E-15 0.8497E-15 0.056E-15 0.1 19E-15 0.278E-15 

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

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

PLUTONIUM A C T M T Y  CONCENTRATIONS ALL COMMUNITY SITES (S-51 THRU S-73) 

Overall 118 0.00 1 E-1 5 0.02 1E- 15 0.00 1E- 1 5 0.002E-15 0.006E-15 

Sheet I of I 



TABLE 4.7-2 
SUMMARY OF RAAMP PLUTONIUM ACTIVITY 

CONCENTRATIONS ALONG INDIANA STREET - 1993 

C C C Standard Deiiation Percent of DCG 
Number of (minimum) (maximum) (mean) C (standard) C (mean) 

Station Samples (pCi/ml) @Ci/ml) (pCi/ml) (clCi/ml) @Ci/ml) 
s-35 1 1  0.000 0.006E-15 0.007E-15 0.002E-15 0.004E- 15 

0.00 1E-15 0.006E-15 S-36 11 O.OO0 0.004E-15 0.001E-15 

s-37 9 0.000 0.004E-15 0.002E-15 0.002E- 15 O.01OE-15 

S-38 9 0.000 0.109E-15 0.014E-15 0.036E-15 0.069E-15 

s-39 I 1  0.000 0.004E-15 0.001E-15 0.00 1E- 15 0.005E-15 

s-40 . 12 0.000 0.003E-15 0.001E-15 0.00 1 E- 15 0.005E-15 

Sheet I of 1 



Additionally, the migration of contaminants eastward of the IHSS source area appears to be 
minimal based on groundwater concentrations in the eastern portion of OU-2 that are at the 
detection limits (Figures 4.4.3 through 4.4-45). 

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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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 immediately north 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. Wells 11891,03391, and 03691 are located downgradient of Trench T-3 
and are screened in the Arapahoe Formation No. 1 Sandstone. These wells esibifed elevated 
total VOC concentrations of 1 3 3  5 pgL, 768 pg/L, and 94 1 pg/L, respectively, for the second 
quarter 1992 sampling period. 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. %e 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. 



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. I Sandstone and Rocky 
Flats Alluvium. The resulting soil gas may reach the atmosphere, depending on the depth of 
the residual contamination or water table. 
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Volatilization of VOCs may also occur from seeps and surface water directly to the 
atmosphere. A portion of the contaminants not volatilized at seeps migrate downslope with 
water in the colluvium and potentially discharge to South Walnut Creek. In the creek, a 
portion of the VOCs may be volatilized to the atmosphere or transported by streamflow 
advection/dispersion/sediment transport processes, potentially reaching the WETS eastern 
boundary. As discussed earlier, the results of surface water modeling (Appendix F) indicate 
that concentrations of VOCs at the WETS boundary will not be significant. 

Elevated activity concentration concentrations of radionuclides (Am-24 1 ; Pu-23 9/240; and 
U isotopes) have been observed in boreholes drilled in the Northeast Trenches with activity 
concentration levels decreasing rapidly with depth below the trenches, indicating .that these 
species have not migrated significant distances from source areas. These contaminants have 
not been observed at elevated activity concentration concentrations in groundwater in these 
areas and are not expected to be discharged with groundwater at seep locations. 

Radionuclides have also been observed in surface soil in the area. The original source of 
these contaminant may have been the 903 Drum Storage Site in the 903 Pad Source Area or 
other source areas outside OU-2. These contaminated surface soils are subject to wind and 
water erosion and, therefore, may be spread by resuspension of particles in air or storm 
runoff. Storm runoff in the area will discharge to the South Walnut Creek drainage. 
Contaminated soil particles resuspended by wind events may be transported by air dispersion 
until redeposited as onsite or offsite surface soil, whereupon they are subject to continued 
wind and water erosion. 

5.3.3 Southeast Trenches Source Area 

Available data indicate that limited contamination has been released from this source area to 
the subsurface. Concentrations of VOCs and SVOCs detected in subsurface soils beneath the 
trenches are low. Saturated alluvium and sandstone do not extend beneath most of the 
trenches during most of the year and low levels of VOC concentrations in groundwater east 
of the trenches (Section 4.4) suggest impacts to groundwater have been minimal. 
Contaminant migration pathways from the Southeast Trenches Source Area are shown 
schematically on Figure 5.3-3. 
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Essential NutrientsMa-ior Cations and Anions: Ca, Fe, Mg, K, and sodium (Na) were 
eliminated from further consideration as COCs because they are essential nutrients, they occur 
naturally in the environment, and they are toxic only at very high doses. Cyanide, nitrate, 

and nitrite were retained for further evaluation, but other major cations and anions measured 
as water quality parameters, such as carbonates, were not evaluated. 

Freauencv of Detection: Metals whose concentration distributions in OU-2 were statistically 
significantly different from background distributions and detected organic compounds were 
evaluated for frequency of detection. Chemicals that were detected at a frequency of 5 

percent or greater were retained for further evaluation in concentration/toxicity screens to 
select OU-wide COCs. Organic chemicals and metals that were detected at less than 5 

percent frequency were evaluated separately, as discussed below. Radionuclides were 
assumed to be detected at 100 percent frequency for statistical analysis (Le., negative, zero, 
and positive results were retained in the data set); radionuclides were not screened based on 
frequency of detection. 

ConcentrationEoxicitv Screens: Concentration/toxicity screens were conducted separately for 
noncarcinogens, carcinogens, and radionuclides within each medium (surface soil, subsurface 
soil, and groundwater). These screens were used to identify chemicals that, based on 
maximum concentration and toxicity, are likely to contribute 1 percent or more of the total 
potential risk in each category (noncarcinogens, carcinogens, and radionuclides) in each 
medium. These chemicals were identified as COCs for evaluation in the quantitative risk 
assessment. 

Professional Judgement: Some analytes with concentration distributi.ons in OU-2 significantly 
different from background distributions were judged not to be OU-2 contaminants based on 

spatial and temporal distribution, geochemical characteristics, and total suspended solids in 

groundwater. Analytes judged not to be OU-2 contaminants were benzoic acid and PAHs in 

surface soil; Ba  and Mn in subsurface soil; and aluminum (AI), Sb, Be, Mn, and V in 

groundwater. 

The evaluations and conclusions are described in detail in the TM 9 for OU-2 (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 Section H10.2 of 
the uncertainty section of the HHRA (CDPHE 1994; EPA 1994b; DOE 1994d): 

0 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 
Rl3C 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 .  
chemicals and radionuclides) of all the current and future nonresidential receptors. 

This receptor is the maximum exposed individual (has the highest exposure to 

Future Ecoloizical 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 50-acre maximum exposure 
area in AOC No. 1 .  

Future ODen SDace Use: An onsite open space exposure scenario, developed to estimate risks 
from recreational use of open space areas at WETS, 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. 

HvDothetical 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 
W E T S  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, actual risks to current and possible future receptors will be lower than those 
estimated for this scenario. 

Current and Future Offsite Residences: The two closest current residences to WETS, 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. 

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

. 
e Ingestion of livestock (negligible; will be evaluated for possible impacts in the 

residential scenario of the HHRA for OU3). 

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 OU-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 waterhuspended 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 Rh4E 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 COCs in surface soil, 
subsurface soil, and groundwater for each exposure area evaluated in the HE€RA. 
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 non-detect 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. EPA (1989a) recommends removal of unusually high nondetect SQLs from 
the data set when they would cause the calculated exposure concentration to exceed the 
maximum concentration. Therefore, samples were excluded from the data set if they caused 
the arithmetic mean concentration to exceed the maximum detected concentration. 

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. 

Attachment Hi 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 RME 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-hd probable health risk-is minimal. 

0 Cr was not statistically different from background concentrations (Appendix A, 
TM 9 DOE 1994b). Nevertheless, i t  was identified as an OU-wide COC 
because two sample results (26 mgkg  and 29.5 mgkg) exceeded the 
background upper tolerance limit (UTL,,,,,) of 24.8 m g k g .  RME 
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years of meteorological data (1 989 to 1993) to yield five different estimates of annual average 
PM,, concentrations and deposition rates. The maximum of the five estimated annual average 
air concentrations was used in risk assessment. 

6.5.6 Onsite Air Concentrations from Construction Activities 

Table 6.5-5 summarizes the estimated air concentrations of COCs adhered to airborne PM,, 
at future construction sites in AOC No. 1 and AOC No. 2. In the construction scenario, three 
air emission sources were evaluated: (1) wind erosion of surface soil in the AOC, (2) wind 
erosion of subsurface soil in a 10-acre excavation site, and (3) emissions during heavy 
construction (earth moving). Emissions from construction activities were estimated using a 
standard equation for heavy construction from AP-42 (EPA 1993a), and wind erosion was 
evaluated using the box model described earlier. The exposure point concentrations are the 
sum of air concentrations resulting from wind erosion of surface soil, wind erosion of 
subsurface soil, and heavy construction activities. Wind erosion of surface soil has the largest 
effect on the estimated air concentrations. 

6.5.7 Basement Air 

Table 6.5-6 summarizes the exposure point concentrations of COCs in basement air from 
migration of VOCs from subsurface soil and groundwater through building foundations. The 
modeling approach and results are presented in detail in Appendix G. RME source 
concentrations were used in modeling soil gas in AOCs No. 1 and No. 2. However, 
maximum detected concentrations were used in modeling the 10- and 30-acre areas. 

6.5.8 Indoor VOCs from Domestic Use of Groundwater 

Although domestic use of groundwater at WETS is not anticipated because residential 
development will not occur, a hypothetical onsite residential scenario, including groundwater 

use, was evaluated. Table 6.5-7 summarizes the RME concentrations of COCs in indoor air 
from domestic use of groundwater in AOC No. 1, AOC No. 2, and the 10-acre maximum 
exposure area. 
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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 (mg/L) to an air concentration (mg/m3) (Andelman 
1990). In the derivation, all uses of household water were considered (e.g., showering, 
laundering, dish washing.) To estimate an Rh4E 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. A CT value was chosen for the volatilization 
factor since risks are evaluated for a chronic exposure. This CT value would, therefore, best 
represent a chronic exposure situation. 

6.5.9 Surface WaterISediment 

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. The current water management plan eliminates or minimalizes transport 
of potential OU-2 contaminants from creeks to offsite receptors. Thus, there was assumed 
to be negligible 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 modbl 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-24 1, and Pu-239/240) and surface soil (Am-24 1 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 m a s  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 

I -  

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 (mgkg-day) x SF (mgkg-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. 

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 1 0-4 and 1 O-6.1t Additionally, where cumulative carcinogenic risk to an individual 
based on RME exposure is less than and the total HI does not exceed 1, action is 
generally not warranted for protection of public health (EPA 1991d). 

EPA recommends that cancer risk be evaluated separately for radionuclides and 
nonradionuclides (EPA 1989a). In the current assessment, separate estimates for radionuclide 
and nonradionuclide cancer risk were presented in Attachment H3, Health Risk Calculations. 
However, to reduce complexity in the following sections, cancer risks from radionuclide and 
nonradionuclide exposures were added and reported as total cancer risk. 



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. Hazardrisks 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. 

Noncarcinonenic 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 Rh4E 

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 €€I (Table 6.8-1). CCI, 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; therefore, actual risks to current and possible 
future receptors in OU-2 will be lower than those estimated for this scenario. 

- 

Carcinoeenic 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 WETS, these risk estimates do not 

reflect actual risk expected from current and probable future use in AOC No. 1 .  
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Groundwater pathways (ingestion and inhalation of VOCs) and surface soil pathways 
(ingestion and inhalation of PM,,) contribute significantly to overall Rh4E risk for the 
hypothetical resident (Table 6.8-1). Other exposure routes posed little or negligible risk. 
Chief contributors to risk from groundwater exposure are CCI, and PCE. The chief 

contributor to risk from exposure to surface soil (ingestion and inhalation routes) is 
Pu-23 9/240. 

6.8.4 Maximum Exposure Areas in AOC No. 1 

Hazardshisks were also estimated for three maximum exposure areas in AOC No. 1. These 
areas are: 

0 A 10-acre hypothetical residential neighborhood at the area of maximum soil 
and groundwater contamination in OU-2 

0 A 30-acre industrial/office park incorporating the maximum contaminated area 
in OU-2 

0 A 50-acre ecological study area incorporating the maximum contaminated area 
in OU-2. 

Hazardhisk results for each receptor/exposure area are summarized in Table 6.8-2 and are 
discussed below. DetaiIed chemical- and pathway-specific results are presented in 
Attachment H3 in Appendix H. 

Hypothetical Onsite Resident (1 0-acres): Although onsite residential use Will not occur in 

OU-2, cumulative HIS and cancer risks were estimated for hypothetical onsite residential 
exposure in a 10-acre maximum exposure area, approximately equivalent to the 903 Pad area. 

The cumulative hazard indexes for noncarcinogenic health effects for hypothetical onsite 
residents are 2E+01 and 1.6E+02 for the average and RME conditions, respectively. 
Ingestion of groundwater is the only pathway that contributes significantly to the total HIS. 
€€Is for other exposure routes are negligible for the average exposure and RME conditions 



(Table 6.8-2). Ingestion of CCI,, CHCI, 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 CCI,, CHCI,. 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. 

- 

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 
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 (SO-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. 

The estimated excess lifetime cancer risk is 2E-06 (2 in 1 million) for the average exposure 
condition and 7E-06 (7 in 1 million) for the RME condition. 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). 



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. 
Hazardrisk 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. 

Noncarcinoaenic 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 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). 

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 waterjsuspended sediment transported from OU-2 sources 
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to Woman and Walnut Creeks. 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 corner. Future offsite receptors were evaluated 
at two hypothetical residences, located on Indiana Street adjacent to Walnut Creek (Future 
Resident, Walnut Creekhndiana) or Woman Creek (Future Resident, Woman Creekhdiana). 
Hazardrisk results for current and future offsite receptors are summarized in Table 6.8-4 and 
detailed in Attachment H3 in Appendix H. 

Noncarcinonenic Hazard Index: For all current and future offsite receptor locations, the total 
HIS for noncarcinogenic health effects from offsite impacts from chemicals released to air or 

surface water from either AOC No. 1 or AOC No. 2 are 6E-04 or less for the average and 
RME conditions (Table 6.8-4). When the total HIS for impacts from AOC No. 1 and AOC 
No.2 are summed, the HIS for offsite receptors are 1E-03 or less for the average and RME 
conditions. Because these hazard indexes are well below 1, no adverse noncancer health 
effects are expected even for sensitive individuals exposed under RME conditions. - 

CarcinoPenic Risk: For all current and future offsite receptor locations, the estimated excess 
lifetime cancer risks are 2E-07 (2 in 10 million) or-less (Table 6.8-4). When cancer risk from 
impacts from AOC No. 1 and AOC No.2 are summed, the estimated cancer risks for offsite 
receptors are 4E-07 (4 in 10 million) or less for the average and RME conditions. These 
levels are below the EPA "point of departure" of 1E-06 ( 1  in 1 million) for evaluation of risk 
from exposure to chemicals released from hazardous waste sites (EPA 1989a), and indicate 
negligible cancer risk from offsite exposure to suspended or deposited particulate matter and 
to surface waterhspended sediments. 

6.8.7 Summary of Cumulative Hazardmisk 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 6.8-1 through 6.8-5 and 
detailed in Attachment H3 in Appendix H 
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Cumulative HIS were less than 1 and cancer risk estimates were 
nonresidential receptors. 

HIS for the hypothetical onsite residential scenario ranged from 2E+O 

below 2E-04 for all 

(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 1.5E-05 (CT, 10-acre area) to 4E-04 (RME, 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. 

A hypothetical onsite residential receptor was evaluated in AOC No. 2 to provide an upper- 
bound estimate of risk to support risk management decisions. 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 concern. 

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 waterkediment in Walnut 
and Woman Creeks. 



6.8.8 Evaluation of Health Hazards from Potential Exposure to Lead in OU-2 

Pb was detected in greater than 5 percent of surface soil, subsurface soil, and groundwater 
samples in OU-2. Pb was not selected as a COC for OU-2 because EPA-established toxicity 
factors for Pb were not available at this writing, and hazard indexes and cancer risk cannot 
be estimated for Pb. In this section, the potential for health hazards from exposure to Pb in 
soil and groundwater are discussed. 

Surface Soil: Concentration distributions of Pb in surface soil in OU-2 were not significantly 
different from background distributions according to statistical background comparisons. 
However, three sample results from surface soil exceeded the background UTL,,,, of 61.4 

mgkg.  EPA's Revised Interim Soil Lead Guidance recommends a screening level of 400 
ppm (400 mgkg) for residential scenarios (EPA 1994d). The maximum detected 

concentration of Pb in surface soil in OU-2 (145 mgkg) was less than EPA's screening level 
for residential soil indicating, that no furfher action is required based on Pb in surface soil. 

Subsurface Soil: Concentration distributions of Pb in subsurface soil in OU-2 were not 
significantly different from background distributions according to statistical background 
comparison. However, three sample results from subsurface soil exceeded the background 
UTL,,,,, of 3 1 mgkg. The maximum detected concentration of Pb in subsurface soil in OU-2 
(86.4 mgkg) was less than EPA's screening level for residential soil indicating that no further 
action is required based on Pb in subsurface soil (EPA 1994d). 

Groundwater: Pb concentration distributions were significantly different from background 
distributions in unfiltered groundwater samples but not in filtered groundwater samples. The 
maximum concentration of Pb in filtered groundwater did not exceed the federal standard for 
tap water (0.015 pgA). 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 Pb. Based on results comparing concentrations 
of Pb in unfiltered and filtered samples, Pb in groundwater in OU-2 is not considered to be 
a site contaminant, but rather the result of high TSS in the samples. 
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radiation dose is equal to the TEDE for one year of exposure and can be compared to annual 
radiation protection standards. 

Annual radiation doses were estimated for all receptors and exposure areas (Attachment H4); 
results are summarized and compared to radiation protection standards in the following 
subsections. 

6.9.2 Radiation Protection Standards 

The DOE occupational limit for radiological workers is 50 mSv/year (5,000 mrem/year) (DOE 
19931). The DOE annual radiation dose limit for members of the public is 1 mSv/year (100 

mrem/year) for all routes of exposure (DOE 1990d). The occupational limit for general 
employees (;.e., those not considered to be radiological workers) may be 100 or 5,000 
mrem/year depending on employment circumstances. These values are for radiation doses 
received in addition to that from natural background radiation (estimated in the Denver area 
to range from 350 to 700 mrem/year; NCRP 1987) and that received from routine medical 
treatments (U.S. average is approximately 50 mrem/year; NCRP 1987). 

6.9.3 Radiation Dose Estimates 

Annual radiation doses, in terms of TEDE for one year of exposure, were estimated for six 
onsite receptors in two AOCs in WETS OU-2. 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 WETS, the hypothetical residential scenario was evaluated to provide an 
upperbound estimate of risk that may support risk management decisions for low-hazard areas 
within OU-2. In addition, residential, industrial, and ecological researcher scenarios were 
evaluated in lo-, 30-, and 50- acre maximum exposure areas in AOC No. 1,  respectively. 
Four offsite receptor locations were also evaluated. Results are summarized in Table 6.9-2 

and 6.9-3 and detailed in H9.0 and Attachment H4. 

Exposure pathways included ingestion of soil, surface waterlsediments, groundwater, and 

homegrown produce, inhalation of airborne particulates, and external irradiation. 
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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 13 mrem/year (CT, 
AOC No. 1) to 67 mrem/year (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 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 10 mredyear  and 20 

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 (0.004 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 watedsediment 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 chemical concentrations, the 
assumptions made in estimating exposure conditions, the conservatism of the methods used 
to develop toxicity values, and the conservatism of methods used to characterize risk. At all 
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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 l ,I,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. 

As discussed in Section H7.1, unadjusted oral toxicity values were used to estimate effects 
from dermal absorption of organic chemicals. Risk from dermal exposure may be 
underestimated by this approach. Risk from dermal exposure for the office worker in the 30- 

acre maximum exposure area in AOC No.1 was 4E-06 and risks for other receptors were 
lower. Because these risk estimates for dermal exposure were within or below EPA's target 
risk range of 1E-06 to 1E-04 and represented only a small percentage of overall risk, further 
evaluation of dermal toxicity factors was not warranted. 

6.10.5 Evaluation of Risk Associated with Special-Case COCs 

Special-case COCs are (1) compounds that are infrequently detected (<5 percent) but that 
exceeded 1,000 times the REK 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, 
hazardhisk levels were also estimated for background levels of As, Sb, Be, and h4n. The 
results indicate that hazardcancer 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 (3E-06) is within the target risk range of 1E-06 and 1E-04 for the hypothetical 
resident. 

Estimated risk under the industriaVoffice worker scenario would be approximately 5 times 
less (6E-07) 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 WETS 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 COCs 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. 
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Exposure media evaluated were surface soil, subsurface soil (construction worker only), 
outdoor and indoor air, surface waterkediment, and groundwater (residential only). 

Risks were estimated for two AOCs in OU-2: AOC No. 1 contains all of the IHSSs 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 1 0-acre area at the 903 Pad area (hypothetical 
resident), a 30-acre area including the 903 Pad area (industrial/office worker scenario), and 
a 50-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 Rh4E 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. Hazardhisk estimates for the hypothetical 
resident exceeded levels of concern. These results are described below: 

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 (3E-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). 

(4040-1 040.009S-K62)(R4 6)(10-18-95 2 4 I p m )  6-47 



0 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 3E-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. 

0 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/offce workers and ecological researchers 
in 30- and 50-acre maximum exposure areas, respectively. Hazardrisk estimates for 
hypothetical onsite residents in a IO-acre maximum exposure area exceeded levels of concern. 
These results are described below. 

0 Chlorinated solvents in groundwater in the IO-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. 

0 Cumulative HIS were below 1 for the future industriaVoffice worker in the 30- 

acre maximum exposure area, indicating no threat of adverse noncarcinogenic 
effects. The CT cancer risk estimate for this receptor is within EPA's target 

cancer risk range of 1E-06 to 1E-04, whereas the RME cancer risk estimate 
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(2E-04) exceeds this range. RME cancer risk estimates for this receptor are 
likely to significantly overestimate actual risk because overly conservative 
assumptions resulted in overestimation of intake values for ingestion and 
inhalation of soil. Ingestion of Pu-239/240 in surface soil was the greatest 
contributor to overall risk (Attachment H3). However, the concentration term 
for Pu-239/40 in surface soil in the 30-acre maximum exposure area was 
biased by an extreme value in one sample. Other samples in the data set had 
significantly lower concentrations. 

e 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 were below 1 and cancer risk estimates were below levels of 
concern for onsite receptors in AOC No. 2 (including the hypothetical onsite resident). 

Offsite Receutors: 
negligible. 

Hls 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 industriaVoffice 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 exceeds EPA's target risk range. HIS 
were below 1 for all onsite nonresidential receptors. Hazardrisk 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 mremlyear for protection of the public. 
The estimated annual radiation. dose for the hypothetical onsite residents, even in the 1 0-acre 
maximum exposure area, were below 70 mrem/year. 

In  general, when cancer risk levels that do not exceed 1E-04 are combined with Hls that do 

not exceed 1 ,  the conclusion is that environmental contamination does not pose a threat to 



public health. Therefore, the results of the HHRA suggest that surface and subsurface soil 
in OU-2 may not pose a threat to public health. 

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. Therefore, 
chemicals in groundwater do not pose a risk to human health under current and possible 
future land use scenarios. 
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TABLE6.3-3 
CONCENTRATION/TOXICITY SCREEN 

SURFACE SOIL 
NONCARCINOGENS 

Maximum % 
Detected Inhalation Oral Risk Risk of Total 

Chemical Conc. (mgkg) RfD RfD Factor Index Risk Factor 
chromium (1) 29.5 n/a l.OEi-00 3.OEi-01 5.4E-01 53.6 
Bis(2ethylheyl)phthalate 0.51 n/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. 
n/a - not available. 
(1) Evaluated as Cr I11 based on results of speciation study (DOE 1994a). 
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TABLE6.3-4 
CONCENTRATION/TOXICITY SCREEN 

SURFACE SOIL 
CARCINOGENS 

Maximum Yo 
Detected Inhalation Oral Risk Risk of Total 

Chemical Conc. ( m a g )  Slope Factor Slope Factor Factor Index Risk Factor 
Aroclor-1254 0.97 n/a 7.7J3+00 7.5E+00 5.9E41 59.5 
Aroclor- 1260 0.66 d a  7.7E+00 5.1E+OO 4.0E-01 40.5 
Bis(2cthylhexyl)phthalate 0.59 n/a 1.4E-02 8.3B-03 6.6E-04 0.1 
Total Risk Factor 1.3E+Q1 

Slope factors are in units of I/(mg/kg-day). 
n/a - not available. 
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TABLE 6.5-2 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF CONCERN 

IN SUBSURFACE SOILS 

AOC No. 1 Maximum 
Exposure Areas 

AOC No.1 AOC No. 2 IO-ACn 30-Acre 
Uranium-233,234 @Ci/g) 

Number of Samples 
Number of Detects 
Minimum Detected Concentration 
Maximum Detected Concentration 
95YoUCL 
RME Concentration 

Number of Samples 
Number of Detects 
Minimum Detected Concentration 
Maximum Detected Concentration 
95YUCL 
RME Concentration 

Urani~m-238 (pCi/g)  

Uranium-235 (pCi/g) 
Number of Samples 
Number of Detects 
Mmirnum Detected Concentration 
Maximum Detected Concentration 
95YoUCL 

269 
269 
0.05 
191.7 
0.82 
0.82 

276 
276 
0.08 
113.1 
0.87 
0.87 

170 
158 

-0.04 
11.5 
0.07 

2 
2 

0.85 
1.20 

1.20 
In 

2 
2 

0.87 
1.11 

1.11 
In 

2 
2 

0.07 
0.07 

0.07 
In 

NE 
NE 
NE 
NE 
NE 
NE 

NE 
NE 
NE 
NE 
NE 
NE 

NE 
NE 
NE 
NE 
NE 
NE 

NE 
NE 
NE 
NE 
NE 
NE 

NE 
NE 
NE 
NE 
NE 
NE 

NE 
NE 
NE 
NE 
NE 
NE RME concentration 0.07 - ~ 

Note: Analytlcal results used in the calculation of 95% UCL concentrations are shown in Attachment H1. 
-- Not detected in this area. 
R h E  - Reasonable maximum exposure. 
In - Based on lognormal dmibution. 
n - Based on normal distribution. 
NE - Not evaluated: exposure to subsurface soil was not evaluated in these areas. 
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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-Acre 30-Acre 
1,1 -Dichloroethene ( p a )  

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

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

Chloroform ( p a )  
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 

Tetrachloroet hene (pg/L) 
Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average 
Maximum Well Average 
95%UCL 
RME Concentration 

Methylene Chloride (pg/L) 

Trichloroethene (pg/L) 
Number of Wells Sampled 
Number of Wells where Detected 
Minimurn Well Average 
Maximum Well Aberage 
95%UCL 
RME Concentration 

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 I n  
1.103 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-_ 

11 
2 

0.2 
0.4 

0.4 

1 1  
4 

0.3 
3.3 

3.3 

1 1  
4 

0.1 
0.62 

0.62 

11  
3 

0 2  
0 7 

0 7  

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 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 

3 3  
27 

u 07 
'97.(JUO 



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 IO-ACR JO-ACR 
Americium-24 1 @Ci/L) 

Number of Wells Sampled 69 5 14 NE 
N q b e r  of Wells where Detected 69 5 14 NE 
lvhnimum Well Average -0.01 0.00 0.01 NE 
Maximum Well Average 31.5 0.22 3 1.5 NE 
95YoUCL 0.19 In 42 2 In 6.7 n,d NE 
RME Concentration 0.19 0.22 NE 

Plutonium-2 3 91240 @Ci/L) 
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 1 3  225 NE 

1.6E+05 In 43.7 n,d NE 95%UCL 2 4 In 
RME Concentration 2.4 1.13 NE 

-- Not detected in this area. 
In 
n 
d 
sr 
NE - Inorganic chemicals in groundwater were not evaluated in the 30-acre exposure area. 

- Based on lognormal distribution. 
- Based on normal distribution. 
- See discussion in Attachment H1. 
- Sample result (not a well average). 
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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 
Aroclor-1254 (mg/m3) 4.15E-09 __ 
Aroclor-1260 (mg/m3) 3.25E-09 _- 
Bis(2-ethylhexyl)phthalate (mg/m3) 3.39E-09 1.62E-09 
Arsenic (mg/m3) 7.12E-11 1.34E- 10 
Cadmium (mg/m3> 1.35E-11 5.54E-09 
Chromium (mg/m3) 1.89E-07 1.93E-07 

~mericium-24 1 @ci/m3) 4.12E-04 2.13E-05 
Mercury (mg/m3) 1.30E-11 _ _  
~1utonium-239/240 @ci/m3> 1.13E-02 1 S3E-04 
Uranium-233, -234 @Ci/m3) 9.2 9E-0 9 1.36E-08 

7.92E-10 uranium-235 @ci/m3) 7.92E-10 
uranium-238 (pci/m3) 9.82E-09 1.25E-08 

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

-- Not detected in this area 



TABLE 6.5-6 
BASEMENT AIR CONCENTRATIONS OF VOCs RELEASED FROM 

SUBSURFACE SOIL AND GROUNDWATER 
(mg/m’) 

AOC No. 1 Muimum 
Exposure Areu (1) 

AOC Nal AOC No. 2 10-Acrc &Acre 
1,l -Dichloroethene 1.94E-10 - 1.54E-09 3.21E-09 
Carbon Tetrachloride 2.73E-07 - 1.13E-07 2.36E-07 
Chloroform 1.10E-09 3.84E-11 2.91E-08 6.09B-08 
Methylene Chloride 8.94E-11 1.97E- 10 1.21E-08 2.53E-08 
Tetrachloroethene 3.62E-03 2.62E-10 1.76E-07 5.83B-07 
Trichloroethene 3.34B-08 1.93E- 10 2.64B-07 5.52E-07 

Source: Soil gas modeling results. Appendix G. 
-- Not detected in this area. 
(1) Maximum detected concentrations of VOCs in groundwater and subsurface soil were used as source 

concentrations. This could signtficantly overestimate basement air concentrations in the 10- and 
30:acre areas because only a few sampling locations were tughly contamiiattd. 



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 
Current Industrial Worker 

-Ingestion of Surface Soil 2.6E-07 1.8E-04 1 .OE-05 1.1E-03 
-Inhalation of Particulates 3.9E-07 3.1E-06 
-Dermal Contact with Surface Soil 1.3E-08 1.4E-03 5.0E-07 9.0E-03 
-External Irradiation from Surface Soil 9.8E-09 1.1E-07 

Total 6.8E-07 1.6E-03 1.4E-05 1 .OE-02 

Future IndustriaYOfice Worker 
-Ingestion of Surface Soil 7.7E-07 5.1E-04 6.1E-05 6.5E-03 
-Inhalation of Particulates 1.8E-06 1.8E-05 
-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 1.7E-07 6.5E-12 
-External Irradiation from Surface Soil 5.8E-08 6.5E-07 

Total 2.6E-06 5.7E-03 8.28-05 3.9E-02 

Future Ecological Worker 
-Ingestion of Surface Soil 9.4E-07 1 .OE-03 3.4E-06 3.6E-03 
-Inhalation of Particulates 4.3E-07 8.1E-07 

- -Dermal Contact with Surface Soil 1.9E-08 3.4E-03 I .  1E-07 1.9E-02 
-Ingestion of Surface WatedSediment 1.2E-10 3.3E-06 1 .OE-09 2.8E-05 
-Dermal Contact with Surface WatedSediment 3.5E-09 1.6E-04 6.0E-09 2.7E-04 
-External Irradiation from Surface Soil 1.7E-08 2.1E-08 

Total 14E-06 4.6E-03 4.3E-06 2.3E-02 

Open Space Use 
-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 Surface WatedSediment 
-Dermal Contact with Surface WatedSediment 
-External Irradiation from Surface Soil 

Total 

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

Total 

17E-07 

5.0E-08 
7.4E-10 
3.9E- 10 
2.2E-09 
3.2E-09 
2.3 E-07 

2.5E-08 
1.2E-07 
5.6E-09 
1.2E-09 
1.SE-07 

3.7E-04 
4.2E-05 

3.8E-05 
2.9E-06 
2.7E-05 

4.7E-04 

3.1E-03 
1.2E-10 
7.5E-04 

3 8E-03 

8.8E-06 

2.3E-06 
2.7E-07 
1.6E-08 
8.9E-08 
6.5E-08 
1.2E-05 

1.4E-07 
1.5E-07 
3.1 E-08 
1.6E-09 
3.2E-07 

6.1E-03 
6.5E-04 

4. IE-03 
3.5E-OS 
3.3E-04 

l.lE-02 

1.7E-02 
1.5E-10 
4.2 E-0 3 

2.2 E-02 



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

ReceptoriExposure Pathway 

Hypothetical Resident 
-Ingestion of Surface Soil ChiWAdult (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 Water/Sediment 

Average Exposure 

Risk index 
Carcinogenic Hazard 

Reasonable 
Maximum Exposure 

carcinogenic Hazard 
Risk Index 

1.8E-05 

8.8E-06 
7.4E-08 
2.6E-04 
8.1E-08 
1.5E-04 
l.lE-06 
1.4E-07 
3.1E-10 
8.9E-09 

4.7E-02 
3.9E-03 

3.7E-03 
2.OE+O1 
8.6E-12 
8.5E-05 
1.6E-02 
4.OE-05 
2.3E-06 
1.1E-04 

2.5E-04 

9.3E-05 
7.7E-06 
6.2E-03 
6.4E-07 
1.2E-03 
1.3E-05 
3.3E-06 

2.1E-07 
1.9E-08 

1.7E-01 
1.8E-02 

1.2E-0 1 
1.4E+02 
2.1E-11 
2.OE-04 
5.5E-02 
2.9E-04 
4.2E-05 
7.9E-04 

-External Irradiation from Surface Soil 3.5E-07 3.7E-06 
Total 4.4E-04 2.OE+O1 7.7E-03 1.4E+02 

Notes: - 

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 
Receptor/Exposure Pathway Risk Index Risk Index 
Hypothetical Resident (10 Acres) 

1 .OE-05 1.4E-04 -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 
-External Irradiation from Surface Soil 

Total 

1.5E-04 
1.2E-05 

5.4E-04 
5.8E-05 

3.5E-06 
2.2E-11 
4.3 E-04 
1.3E- 10 
5.7E-04 
9.2E-07 
5.5E-08 
3.1E-10 
8.9E-09 

3.7E-05 
2.2E-09 
1.OE-02 
l.lE-09 
4.5E-03 
1 .OE-05 
1.3E-06 

’ 1.9E-08 
2.1E-07 
1 .OE-05 
1.5E-02 

6.OE-07 
2.3E+01 

2.1E-02 
1.2E-09 

6.8E-04 
8.9E-08 
2.3E-06 
l.lE-04 

1.9E-05 
1.6Ei-02 
2.8E-09 
5.OE-02 

6.4E-07 
2.4E-03 

4.2E-05 
7.9E-04 

9.5E-07 
l.lE-03 2.3E+0 1 1.6E+02 

- Future Industrial/Ofice 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 

1 .OE-03 1.4E-04 
3.5E-05 
3.6E-06 
5.9E-10 

1.3E-02 1.7E-06 
3.4E-06 
9.OE-08 
5.7E-11 
1.4E-07 
5.3E-06 

1.OE-02 
1.1E-09 

6.5E-02 
1.8E-09 

1.5E-06 
1.8E-04 1.1E-02 7.8E-02 

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

Total 

1.5E-06 
6.OE-07 
3.2E-08 
1.2E-10 
3.4E-09 

1.7E-03 6.1E-03 5.2E-06 
1.1E-06 
1.8E-07 
1 .OE-09 

4.2E-08 
6.5E-06 

5.9E-09 

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

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

3.4E-08 
2.1E-06 7.6E-03 3.9E-02 

Notes: 

Chemical- and pathway specific results are detailed in Attachment H3 



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

Reasonable 
Average Exposure Maximum Exposure 

Receptor/Exposure Pathway Risk Index Risk Index 

Current Industrial Worker 

Carcinogenic Hazard Carcinogenic Hazard 

-Ingestion of Surface Soil 3.7E-09 2 4E-07 1.5E-07 1.6E-06 
-Inhalation of Particulates 5.8E-09 4.6E-08 
-Dermal Contact with Surface Soil 7.9E-13 4.9E-08 3.1E-11 3.1E-07 
-External Irradiation from Surface Soil 4.6E-10 5.2E-09 

Total 9.9E-09 2.9E-07 2.OE-07 1.9E-06 

l.lE-08 7.2E-07 8.5E-07 9.1E-06 
2.6E-08 2.7E-07 
2.9E-12 1.8E-07 l.lE-10 1.1E-06 
l.lE-14 8.5E-12 l.'lE-l3 1.4E-11 

Future Industrial/Office Worker 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Dermal Contact with Surface Soil 
-Inhalation of Basement Vapors 
-External Irradiation from Surface Soil 2.7E-09 3.1E-08 

Total 3.9E-08 9.0E-07 1.2E-06 1 .OE-05 

Future Ecological Worker 
-Ingestion of Surface Soil 1.3E-08 1.4E-06 4.7E-08 5.OE-06 
-Inhalation of Particulates 6.3E-09 1.2E-08 

6.6E-07 -Dermal Contact with Surface Soil 1.2E-12 1.2E-07 6.6E-12 
-Ingestion of Surface Water/Sediment 1.2E-10 3.3E-06 1 .OE-09 2.8E-05 
-Dermal Contact with Surface WatedSediment 3.5E-09 1.6E-04 6.0E-09 2.7E-04 

- 

-External Irradiation from Surface Soil 8.2E-10 1 .OE-09 
Total 2.4E-08 1.6E-04 6.78-08 3.OE-04 

Open Space Use 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Dermal Contact with Surface Soil 
-Inhalation of Particulates 
-Ingestion of Surface WatedSediment 
-Dermal Contact with Surface WaterISediment 
-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 
3.9E- 10 
2.2E-09 
1.5E-10 
5.8E-09 

2.5E-08 
1 .8E-09 
1.5E-09 
2.8E-08 

5. IE-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 

1.7E-11 
3.4E-08 
1.6E-08 
8.9E-08 
3.OE-09 
2.6E-07 

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

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

3.5E-05 
3.3E-04 

3.8E-01 

1.8E-02 

1 .%E42 



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

Reasonable 
Average Exposure Maximum Exposure 

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

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 
-External Irradiation from Surface Soil 

Total 

2.5E-07 

1.3E-07 
4.6E-12 
3.1 E-07 
5.6E- 14 
3.1E-08 
2.OE-08 
2.OE-09 
3.1E-10 
8.9E-09 
1.6E-08 
7.6E-07 

6.5E-05 
5.5E-06 

1.3E-07 
6.OE-04 
1.9E-11 
2.0E-05 
1.5E-04 
6.0E-08 
2.3B-06 
l.lE-04 

9.6B-04 

3.4E-06 

1.4E-06 

7.4E-06 

2.5E-07 
2.OE-07 

4.8E- 10 

4.5E-13 

4.9E-08 
1.9E-08 
2.1E-07 
1.7E-07 
1.3E-05 

2.4E-04 
2.6E-05 

4 .OE-06 
4.3 E-03 
4.5E-11 
4.9E-05 
5.4E-04 
4.3E-07 
4.2E-05 
7.9E-04 

6.OE-03 

Notes: 

Chemical- and pathway specific results are detailed in Attachment H3. 



TABLE 6.8-4 
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. 1, Current Resident, Southeast 
-Ingestion of Surface 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 1.4E-09 0 1 SE-08 0 
-Dermal Contact with Surface Soil 0 0 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 0 0 

Total 1.4E-09 0 1.5E-08 0 

AOC No. 1, Current Resident, Indana South 
-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 Garden Produce (Deposition) 

Total 

AOC No. 1,  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 WatedSediment 
-Dermal Contact with Surface WaterjSediment 

Total 

AOC No 1, Future Resident, Woman 
-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 WatedSediment 
-Dermal Contact with Surface Water/Sediment 

Total 

0 
0 
0 

0 0 
0 0 
0 0 
0 0 

0 
0 
0 

0 0 
0 0 
0 0 

4.8E-11 1.5E-06 
7.7E-09 8.4E-0 5 
7.7E-09 8.5E-05 

0 
0 
0 

8.3E-10 0 
0 0 
0 0 

2.7E-10 8.OE-07 
1.3E-09 2.8E-05 
2.4E-09 2 YE-05 

0 
0 
0 

0 0 
0 0 
0 0 
0 0 - 

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 

0 
0 
0 

8.7E-09 0 
0 0 
0 0 

1.6E-08 1.5E-05 
3.1 E-08 2.0E-04 
S.5E-08 2.1E-03 

' Hazardnsk estimates reported as 0 indicate that no air or depositional impacts Mere predicted b\ air 
modeling (see Section HS 5 2) 



TABLE 6.8-4 
SUMMARY OF ESTIMATED HEALTH RISKS FOR OFFSITE RESIDENTS 

Reasonable 
Average Exposure Maximum Exposure 

Receptor/Exposure Pathway Risk Index Risk Index 

AOC No. 2, Current Resident, Southeast 

Carcinogenic Hazard Carcinogenic Hazard 

-Ingestion of Surface Soil ChildAdult (Carcinogenic) 1.2E-13 1.7E-12 
-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 5.7E-11 0 6.OE-10 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 

Total 6.0E-11 l.lE-10 6.7E-10 7.OE-10 

AOC No. 2, Current Resident, Indiana South 
-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 Garden Produce (Deposition) 

Total 

-Ingestion of Surface Soil ChldAdult (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 WatedSediment 

AOC No. 2, Future Resident, Walnut - 

0 0 
0 0 
0 0 

8 6E-13 0 9.1E-12 0 
0 0 0 0 
0 0 0 0 

8.6E- 13 0 9.1E-12 0 

0 O.OE+OO 
0 0 
0 0 

2.6E-12 0 2.7E-11 0 
0 0 0 0 
0 0 0 0 

4.8E-11 1.5E-06 2.9E-09 2.8E-0 5 
-Dermal Contact with Surface Water/Sediment 7.6E-09 8.4E-05 1.8E-07 6.OE-04 

Total 7.7E-09 8.5E-05 1.8E-07 6.2E-04 

AOC No. 2, Future Resident, Woman 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) I .2E-13 
-Ingestion of Surface Soil Child (Noncarcinogenic) 3.3E- 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 2.8E- 
-Inhalation of Particulates 3 2E-11 0 
-Dermal Contact with Surface Soil 2.4E- 18 6.5E- 
-Ingestion of Garden Produce (Deposition) 2 6E-12 7.9E- 

1.7E- 
1 
2 

3.4E- 
4 2.4E- 
1 6.3E- 

2 
1.2E- 10 
1.3E-1 1 

0 0 
2.OE-12 6 

1 5.7E- 10 
-Ingestion of Surface WatedSediment 2 7E-10 8.OE-07 1.6E-08 1.5E-05 
-Dermal Contact with Surface WatedSediment 1 .3509  2.8E-05 3.1E-08 2.OE-04 

Total 1.6E-09 2.9E-05 4.7E-08 2.1E-01 

Notes 

Chemical- and pathivay-specific results arc detailed 111 Attachiiicnt H3 



TABLE 6.9-1 
E F F E C T M  DOSE COEFFICIENTS FOR SELECTED RADIONUCLIDES 

Ingestion fnhdrtion 
Radionuclide f, (I) ( S V n w  Class ( S V n w  EsternalO) 

Americium-24 1 1 .WE43 9.84E-07 W 1.20E-04 2.99E+00 

Plutonium-23 9 1.00E-03 9.56E-07 W 1.16E-04 3.78B-02 
1 .WE44 9.96E-08 Y 8.33E-05 
1 .00E-05 1.40E-08 

Urani~m-234 

Uranium-235 

Uranium-238 

5 BOE-02 7.66E-08 D 
2.00E-03 7.06E-09 W 

Y 

5.00E-02 7.19E-08 D 
2.00E-03 7.22E-09 W 

Y 

5.00E-02 6.88B-08 D 
2.00E-03 6.42E-09 W 

7.3 7E-07 

3.58E-05 
2 . 1 3 ~ 4 6  

6.85E-07 
1.97E-06 
3.32E-05 

6.62E-07 
1.90E-06 

8.07E-02 

1.71E+01 

6.46E-02 

Sources: DOE 1988b, EPA 1988c. 

"'Fractional uptake from small intestine to blood. 
'*'Lung clearance class: D = days; W = weeks; Y = years 
0)  In units of milliredyr per microcurie/square meters. 
(4) Used to evaluate Pu-239/240. 
(5)Used to evaluate U-233/234. 



TABLE 6.9-2 

SUMMARY OF ESTIMATED ANNU L R  DIATIO DOSE 
FOR ONSITE RECEPTORS 

Reasonable 

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

Current Worker 
-AOCNo. 1 
-AOC NO. 2 

1 .OE+OO I .7E+00 
2.1 E-02 4.OE-02 

Future IndustriaVOffice Worker 
-AOCNo. 1 4.8E+00 9.8E+00 
-30-Acre Maximum Exposure Area in AOC No. 1 2.OE+O 1 9,6E+00 
-AOC NO. 2 1 .OE-01 2.4E-01 

Future Ecological Worker 
-AOCNo. 1 2.2E+00 4.3 E+OO 
-50-Acre Maximum Exposure Area in AOC No. 1 3.4E+00 6,8E+00 
-AOC NO. 2 5.2E-02 1.1E-0 1 

- 
Future Open Space Use 

-AOCNo. 1 
-AOC NO. 2 

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

8.5E-02 1 .OE+OO 
2.3E-03 2.5E-02 

1 .OE+OO 1,3E+00 
3. I E-02 7.5E-02 

Future Resident 
1.3E+01 4.2E+01 

-10-Acre Maximum Exposure Area in AOC No. 1 
-AOC NO. 2 3.9E-0 1 1.6E+00 

-AOCNo. 1 
1.7E+01 6.7E+O1 

Notes: 

Dose calculations are detailed in Attachment H4 



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 
-AOC NO. 2 

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

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

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

1.3E-03 4:OE-03 
5.6E-05 1.8E-04 

0 ’  0 
8.4E-07 2.6E-06 

9.7E-07 1.8E-05 
3.5E-06 2.6E-05 

7.8E-04 
4.9E-05 

2.7E-03 
4.2E-04 

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.) 



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 industriaVoffice 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 (industrial/office 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 
(RME) conditions are provided so that risk management decisions can be based on a range 
of potential risk for different exposure scenarios. 

(4040 1031 0079-53Oi(R4 7A)(l0/17/95 6 Slpm) 7-3 



The following are the major conclusions of the HHRA: 

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. - 

0 In general, when cancer risk levels that do not exceed 1E-04 are combined 
with HIS that do not exceed 1; the conclusion is that environmental 
contamination does not pose a threat to public health (EPA 1991d). Therefore, 
the results of the HHRA suggest that surface and subsurface soil in OU-2 do 
not pose a threat to public health. 

0 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. However, direct ingestion of groundwater is an incomplete 
exposure pathway for all current and possible future workers in OU-2. 
Therefore, chemicals in groundwater do not pose a risk to human health under 
current and possible future land use scenarios. 



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 
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 (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). 

With respect to surface soil contamination, the results of the HHRA indicate that RME cancer 
risks (2E-04) to a future onsite industriaVoffce 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/offce 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. 

- 
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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 

Flow System 

The application of ONED3, which is a one dimensional saturated flow model, requires the 
assumption that uniform saturated conditions extend in the colluvium from the seeps on the 
hillsides to the creeks in the drainages. Because the model is one dimensional, it is assumed 
that the width of the flow system is constant and equal to the width of the seep. 

Hydraulic Parameters 

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

Pore velocity, v, is given by: 

(E6.1) 

The hydraulic conductivity, K, and the effective porosity, ne, 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), 

(4040 1040 0 0 4 1  IIOXAPX EXlO/ lK/Y5 4 J Y  pm) E6-3 



and the effective porosity is estimated to be 0.1. The hydraulic gradient, WdL, for the 
hillside of the Woman Creek drainage was estimated from the May 1992 alluvial/colluvial 
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 ft/ft. 
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 ft/d, 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. 

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 MT3D 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 average seep concentration along the seep boundary (Figure E2-2) predicted by the 
MT3D model, and the source term was simulated to exponentially decay to reflect the end 
of impacts to groundwater from the 903 Pad source. 

To simulate the decay of the seep source term, a source term decay half-life was specified 
for the various COCs. These half-lives were selected based on the mass loading curves 
shown on Figures E5-15 through E5-20 and E5-22 and represent the time required for the 
mass loading at the seeps to decay from the peak values to one half of the peak values. The 
source term half-life values are used by the ONED3 model to simulate exponential decay of 
the source term. 

Because of extremely high retardation factor associated with Pu (R=840), the simulated 
contaminant loading at the seeps on the hillside of Woman Creek did not reach a maximum 
value within the MT3D model simulation period of 1,000 years (Figure E5-21), indicating the 

cessation of the 903 Pad source as a source of Pu to groundwater is not reflected at the seeps 
in the MT3D results during the simulation period. Therefore, the use of a decaying source 
term for Pu for the colluvial model was not appropriate, and no source term half-life value 
was specified. For Pu, the seep source term was assumed to be continuous. 

Initial condition. The initial non-source contaminant conditions for the colluvial models for 
both creeks were assumed to be zero. 

Colluvium contaminant source concentration. Flow-weighted average seep concentrations 
were calculated from the MT3D model results separately for South Walnut Creek and Woman 
Creek to serve as input source concentrations for the colluvium models. Those flow-weighted 
average seep concentrations were calculated by summing the mass or activity output from 
each MT3D model seep cell along a seep boundary and dividing that sum by the sum of the 
seep flow output at those model cells. The flow-weighted average seep concentrations were 
then input to the ONED3 models as the source concentrations for contaminants discharging 

(4040-l040-004l-~l0~APX E)(lO/l8/91 J 03 pm) E6-5 



from the Rocky Flats Alluvium and Arapahoe Formation No. 1 Sandstone seeps. For the 
Woman Creek ONED3 model, separate trench source terms were specified to account for the 
Trench T-2 source that is present in the colluvium directly south of the 903 Pad. That trench 
source contributes VOC COC contamination directly to the colluvium flow system as water 
(both from direct 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). 
Because the width of the contamination plume emanating from the trench is substantially 
smaller than the assumed width of the flow system (assumed to equal the width of the seep 
on the hillside), it was necessary to average the trench source concentrations to reflect the 
actual mass input from Trench T-2 to the flow system. The maximum concentrations 
observed emanating from Trench T-2 (e.g, approximately 150,OO pgA for TCE) are not 
appropriate for use as source term concentrations for the one dimensional ONED3 model 
because use of those values would imply that those concentrations were being input across 
the entire width of the flow system, thus greatly overestimating the masses being contributed 
to the system from Trench T-2. Therefore, a 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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The results from the colluvial models are summarized in Table E6-3. For PCE, TCE, CCI,, 
and l,l-DCE, the highest mass loading occurs to South Walnut Creek. Although the highest 
concentration occurs for TCE at Woman Creek. The mass loadings for PCE and TCE to 
South Walnut Creek are approximately four to five times higher than the mass loadings for 
those contaminants to Woman Creek. The mass loadings of CCI, and 1,l-DCE to South 
Walnut Creek are approximately one to one and a half times the loadings to Woman Creek. 
Estimated average annual contaminant concentrations in discharges to the creeks, c, ranged 
from 2,400 pgA for TCE to 3 pg/l for 1,l-DCE at South Walnut Creek, and from 3,100 pg/l 
for TCE to 10 pgA for 1,l-DCE at Woman Creek. 

For CHCl, and CH,Cl, the highest mass loadings occur to Woman Creek and are about four 
to five times the loadings to South Walnut Creek. Estimated average annual concentrations 
of CHCl, and CH,Cl, in the discharges were 950 pgA and 570 pgA, respectively, at Woman 
Creek and 44 pgA and 20 pg/l, respectively, at South Walnut Creek. 

- For Pu-239/240 and Am-241, contaminant loading occurs only to Woman Creek. 
Conservative estimates of the average annual activity concentrations in the discharge were 
0.013 (pCiA) for Pu-239/240 and 0.018 (pCi/l) for Am-241. Activity loading to Woman 
Creek were 3.3E-08 and 4.5E-08 Ci/yr for Pu-239/240 and Am-241, respectively. 

Conservative estimates of VOC concentrations at groundwater discharge points were as high 
as 3,100 pgA. However, these estimates do not include the effects of volatilization that will 
occur after the groundwater is discharged. Volatilization occurring at the seeps and in the 
creeks will substantially reduce VOC concentrations (e.g., by 98 percent or more) as 
described in Appendix F, Surface Water Modeling. 
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Future residential development at WETS is not likely and is not recommended by planning 
groups or regulatory agencies, and remedies will not be selected based on possible future 
residential use. However, a hypothetical residential scenario was also evaluated in the risk 
assessment to help support risk management decisions, particularly for low-hazard areas in 
ou-2. 

Health risks were evaluated for onsite receptors in two large Areas of Concern (AOCs) in 
OU-2. AOC No. 1 consists of all the IHSSs and contiguous groundwater contaminant 
plumes. AOC No. 2 contains no IHSSs. In addition, risks were evaluated in three maximum 
contaminant areas: a 10-acre area at the 903 Pad (hypothetical onsite residential); a 30-acre 
area (future industrial/office worker); and a SO-acre area (ecological researcher). The 30- and 
50-acre areas each contain the 10-acre maximum contaminant area. 

Exposure concentrations (usually the 95% upper confidence limit on the mean) were 
calculated for each COC in each sampled medium and for each exposure area. Air dispersion 
modeling, groundwater modeling, and surface water modeling were also conducted to estimate 
exposure point concentrations in air and surface water in Woman and Walnut Creeks. 

Health risks are estimated by combining estimates of intake factors, chemical concentration 
at the exposure point, and toxicity factors. The toxicity factors are EPA-established reference 
doses (RfDs) for noncarcinogens and cancer slope factors (SFs) for carcinogens. 
Noncarcinogenic hazard indexes (HIS) and cancer risk estimates were calculated using both 
central tendency (CT) and reasonable maximum exposure (RME) assumptions for each 
scenario. In addition, annual radiation doses were estimated for comparison to national 
radiation protection standards (1 00 mrem/year). 

Results of the risk assessment for each exposure area are summarized in Table ES-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 ,  while those for the hypothetical resident 
exceeded levels of concern These results are described below. 
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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 (3E-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-239040 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 3E-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. I 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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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 SO-acre maximum exposure areas. Hazard/risk 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. 

0 Cumulative HIS were below 1 for the future industriaVoffice worker in the 30- 
acre maximum exposure area, indicating no threat of adverse noncarcinogenic 
effects. The CT cancer risk estimate for this receptor is within EPA's target 
risk range of 1E-06 to 1E-04, wheFeas the RME cancer risk estimate (2E-04) 
exceeds this range. Rh4E cancer risk estimates for this receptor are likely to 
significantly overestimate actual risk because overly conservative assumptions 
resulted in overestimation of intake values for ingestion and inhalation of soil. 
Ingestion of Pu-239/240 in surface soil was the greatest contributor to overall 
risk (see Attachment 3). However, the concentration term for Pu-239/240 in 
surface soil in the 30-acre maximum exposure area was biased by an extreme 
value in one sample and other samples in the data set had significantly lower 
concentrations. 

0 Cumulative €€Is were below 1 and cancer risk estimates were within EPA's 
target risk range of 1E-06 to 1E-04 for the future ecological worker in the 50- 

acre maximum exposure area. 

AOC No. 2: Cumulative HIS were below 1 and cancer risk estimates were equal to or below 
1E-06 for onsite receptors in  AOC No 2 (including the hypothetical onsite resident) 
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Offsite ReceDtors: 
negligible. 

HIS and cancer risk estimates for offsite residential receptors were 

Thus, 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. 

In general, when cancer risk levels that do not exceed 1E-04 are combined with HIS that do 
not exceed 1, that conclusion is that environmental contamination does not pose a threat to 
public health (EPA 1991d). 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. 
These results suggest that the surface and subsurface soil in OU-2 may not pose a threat to 
human health. 

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. Migration of 
groundwater contaminants via surface water to offsite locations is not significant, even using 
conservative modeling assumptions. 

All UHSU groundwater discharges on site in surface seeps. 
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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. COCs, 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,d). 

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 identifL 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 R F I R I  Report 
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H3.1.2 Essential NutrientsMajor Cations and Anions 

Ca, Fe, Mg, K, and sodium were eliminated from further consideration as COCs because they 
are essential nutrients, they occur naturally in the environment, and they are toxic only at very 
high doses. Cyanide, nitrate, and nitrite were retained for further evaluation, but other major 
cations and anions measured as water quality parameters, such as carbonates, were not 
evaluated. 

H3.1.3 Frequency of Detection 

Metals with concentration distributions in OU2 that were significantly different from 
background distributions and detected organic compounds were evaluated for frequency of 
detection. Chemicals that were detected at a frequency of 5 percent or greater were retained 
for further evaluation in concentrationltoxicity screens to select OU-wide COCs. Organic 
chemicals and metals that were detected at less than 5 percent frequency were evaluated 
separately (Section H3.1.6). Radionuclides were assumed to be detected at 100 percent 
frequency for statistical analysis (Le., negative, zero, and positive results were retained in the 
data set); thus, the radionuclides were not screened based on frequency of detection. 

H3.1.4 Concen trationEoxicity Screens 

Concentration/toxicity screens were conducted separately for noncarcinogens, carcinogens, and 
radionuclides within each medium (surface soil, subsurface soil, and groundwater). These 
screens were used to identify chemicals that, based on maximum concentration and toxicity, 
are likely to contribute 1 percent or more of the total potential risk in each category 
(noncarcinogens, carcinogens, and radionuclides) in each medium. These chemicals were 
identified as COCs for evaluation in the quantitative risk assessment. 

H3.1.5 Professional Judgement 

Some chemicals whose concentration distributions in OU2 were significantly different than 
background distributions based on results of the statistical tests were judged not to be OU-2 
contaminants based on spatial and temporal distribution, geochemical characteristics, and TSS 
in groundwater. Chemicals and media were as follows: 



0 Surface soil: benzoic acid and PAHs 
0 Subsurface soil: Ba and Mn 
0 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 Section H10.2 of the 
uncertainty section of the HHRA (CDPHE 1994; EPA 1994b; DOE 1994d): 

0 Surface soil: PAHs 
0 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 concentration/toxicity screens for UHSU groundwater. 

H3.1.6 Evaluation of Infrequently Detected Compounds 

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 IE-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 



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. 
However, their potential contribution to overall risk was evaluated qualitatively in Section 
H10.1.4 of the uncertainties section of the risk assessment. 

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 Concentration/Toricity Screens - 

Detection frequencies and metals with concentration distributions statistically significantly 
different from background distributions are shown in Tables H3-2 and H3-3. 
Concentrationhoxicity 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 
Pu-2391240 



PAHs were not included in the concentration/toxicity 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 Fe, 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. 

I - 

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. The 26 mgkg result was associated with sampling site SS200193, located 
on the western edge of IHSS 1450 (Reactive Metal Destruction Site), and the 29.5 mgkg 
result was associated with sampling site SS200893, located on the southern edge of the 
Southeast Trenches Source Area (see Plate 4.2.3). Because two results exceeded the 
background UTL,,,,,, chromium was retained as an OU-wide potential COC and was 
identified as a COC based on the results of the concentration/toxicity 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 pgkg) and in 



background samples (355 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 RFIAU Report 
and in DOE 1994b.) However, it was retained as a potential COC because the maximum 
concentration (0.51 mg/kg) 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 concentration/toxicity screen (Table H3-4). 

H3-Sa (4040-l040-009X-862j(R7 3)(10112191 I I 3  prn)(6) 



Aroclor- 1254 and Aroclor- 1260, which are PCBs, were detected at only two sampling 
locations, both in the Mound Area; however, this constituted a 5 percent detection frequency. 
The PCBs were included as OU-wide potential COCs in the concentration/toxicity screen. 

H3.2.2 Special-Case COCs in Surface Soil 

None of the chemicals detected at low frequency in surface soil exceeded 1,000 times the 
RBC. Thus, no special-case COCs in soil were selected using this criterion. 

PAHs 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 WETS.  PAHs are common combustion byproducts from burning coal, wood, 
tobacco, and petroleum-based fuels. Of the total of 40 surface soil samples analyzed for 
PAHs in OU-2, 6 were collected at biased sampling locations (Le., at IHSSs) and 34 were 
random (grid-based) samples collected across OU-2. Concentrations of PAHs measured in 
biased samples were comparable to those measured in the random samples (Table H3-7). 
Because similar PAH levels are found in random and biased samples, the detected PAHs are 
thought to be related to anthropogenic sources not attributable to OU-2 waste. However, to 
address concerns that some of these chemicals, although probably not contaminants, could 
pose a health risk under long-term exposure to maximum detected concentrations, parties to 
the IAG agreed that PAHs will be evaluated separately in the uncertainty section 
(Section H1O.O) as special-case COCs in surface soil. 

H3.3 SUBSURFACE SOIL COCs 

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

H3.3.1 ConcentrationA'oxicity Screens 

Analytes whose concentration distributions in OU2 were statistically significantly different 
from background distributions and with a detection frequency of five percent or greater were 
included in the concentration/toxicity screens to select OU-wide COCs in subsurface soil. 
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TABLE H3-4 
CONCENTRATION/TOXICITY SCREEN 

SURFACE SOIL 
NONCARCINOGENS 

Maximum YO 
Detected Inhalation Oral Risk Risk of Total 

Chemical Conc. (mgfl<g) RfD RfD Factor Index Risk Factor 
chromium (1) 29.5 d a  1 .OEM0 3.OEi-01 5.4E-01 53.6 
Bis(2ethylhexyl)phthalat 0.5 1 n/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. 
n/a - not available. 
Evaluated as Cr I11 based on results of speciation study (DOE 1994d). 
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are present in this AOC. Data from samples collected in the entire East of IHSSs Area were 
used to estimate exposure concentrations of COCs. 

H4.3 RECEPTORS SELECTED FOR QUANTlTATIVE RISK ASSESSMENT 

Receptors selected for quantitative evaluation in the HHRA are listed below. 

H4.3.1 Current Use 

Current Onsite Workers: Current onsite workers are WETS plant security workers who are 
assumed to spend a portion of their time in OU-2 while conducting routine patrols in the 
buffer zone. Current onsite workers were evaluated for exposures in AOC No. 1 and AOC 
No. 2. 

Current Offsite Residents: The two closest residences to WETS are located near its southeast 
border (Figure H4- 1). These were selected to represent current offsite receptor locations for 
purposes of evaluating impacts from airborne particulate matter released from surface soil in 
ou-2. 

H4.3.2 Future Use 

Future Onsite Industrial/Office Worker: The future onsite industrial or office worker is 
assumed to work indoors in a building complex surrounded by extensive paved areas or well- 
maintained landscaping. Future workers were evaluated for exposure in AOC No. 1, AOC 
No. 2, and in the 30-acre maximum exposure area in AOC 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 Onsite Ecoloaical Researcher: The future onsite ecological researcher is assumed to 
perform specific field research projects of relatively limited duration involving contact with 
surface soil, surface water, and sediments. These research projects would involve a 
combination of periodic field work coupled with time in the library, office, or laboratory. 
Exposure areas are AOC No. 1, AOC No..2, and the 50-acre maximum exposure area in AOC 

No. 1. 
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Future OPen SDace 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, actual risks to current and possible future receptors in 
OU-2 will be lower than those esetiamted for this scenario. Hypothetical residential 
exposures were evaluated in AOC No. 1, AOC No. 2, and in the 1 0-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 EXPOSURE PATHWAYS 

This section identifies exposure pathways by which receptors could be exposed to chemicals 
in or released from sources in 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 were not evaluated in the HHRA. 

Potentially complete pathways include all pathways for which human exposure is possible, 
no matter how trivial. Potentially complete pathways were further categorized as (1) 
significant, (2 )  relatively insignificant, or (3) negligible. Significant and relatively 
insignificant potentially complete pathways were evaluated quantitatively in the HHRA. 
Negligible pathways were not evaluated in the risk assessment. 

A potentially complete pathway was considered to be negligible when, based on professional 
judgement and logic, the contribution of the pathway to overall exposure is likely to be orders 
of magnitude lower than exposure from other pathways and the pathway is not expected to 
contribute significantly to overall risk to the receptor (Le., exposure and, therefore, risk from 
the pathway are considered "negligible"). These potentially complete but negligible pathways 
are unlikely to have any bearing on mathematical estimations of total risk to receptors so do 
not warrant further evaluation. Therefore, potentially complete but negligible pathways were 
not evaluated in the HHRA. 

Figure H4-2 shows a CSM of potential human exposure pathways for OU-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. Site- 
wide incomplete or negligible pathways are described in Subsection H4.4.1. Additional 
subsections describe the exposure pathways evaluated for each receptor and identify receptor- 
specific negligible or incomplete pathways. A summary of potentially complete exposure 
pathways evaluated in the risk assessment is provided in Table H4-2. 
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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. 

e Ingestion of livestock is a 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 W E T S  may be 
negligible (e.g., the intermittent flow in the creeks does not support consistent 
livestock watering). However, to further evaluate possible impacts, the beef 
ingestion pathway will be assessed in the residential scenario of the HHRA for - 

OU-3. 

0 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. 

e 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 RFI/RI report. 
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e Surface soil ingestion and dermal contact, following airborne deposition of 
particulates on soil 

e Ingestion of vegetables following surface deposition of particulates 

ReceDtor-Specific Negligible or Incomplete Pathways (not evaluated): 

e 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 .windborne deposition from sources in OU-2. (See 
results of air modeling in Section H5.0.) 

e Exposure to contaminants via contact with surface watedsediment in Walnut 
and Woman Creeks is considered a negligible pathway for 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, the water management 
plan eliminates or minimalizes transport of potential OU-2 contaminants from 
creeks to offsite receptors. 

e Ingestion of groundwater is considered a negligible pathway for offsite 
residents (who reside in the Walnut and Woman Creek drainage areas) because 
UHSU groundwater does not discharge offsite as groundwater, and transport 
of potential OU2 contaminants first into surface water, followed by percolation 
into offsite groundwater, is likely negligible or incomplete. 

e External irradiation exposures to offsite residents resulting from deposition of 
radionuclides in airborne particulate matter is considered a negligible pathway 
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 
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OU-2 surface soil are even lower. (See results of air modeling in Section 
H5.0.) Because offsite impacts from wind erosion were 
negligible, external irradiation from these sources is also considered negligible 
and was not quantified. 

H4.4.4 Future Onsite Industrial/Office Workers 

The future onsite industriaUoffice worker is assumed to work primarily indoors. However, 

for purposes of risk assessment, the worker is assumed to be exposed to air particulate matter 
and surface soil for the entire time at work. 

Pathwavs Evaluated: 

0 Inhalation of airborne particulates 

0 Surface soil ingestion and dermal contact 

0 External irradiation from radionuclides in surface soil 

0 Inhalation of VOCs migrating from subsurface soil or groundwater through 
building foundations into indoor air 

Receptor-specific negligible or incomplete pathways (not evaluated) are the same as described 
for the current onsite worker (Section H4.4.2) except that the future industrial/office worker 
is assumed to be exposed to indoor VOCs. Exposure of future onsite office workers to 
UHSU groundwater by ingestion is an incomplete pathway because, as with current onsite 
workers, drinking water is expected to be provided by a municipal water supply. In past and 
current operations at Rocky Flats, a municipal water supply has provided all of the drinking 
water for thousands of onsite workers. Therefore, future onsite workers are also expected to 

be provided a public water supply. 
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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 waterhspended 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 
conselvative 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 RME 
exposure conditions for each scenario described in Section H4.0. 

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 
H 1 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 
nondetect 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. EPA (1989a) 
recommends removal of unusually high nondetect SQLs from the data set when they would 
cause the calculated exposure concentration to exceed the maximum concentration. 
Therefore, samples were excluded from the calculation of the concentration term if they 
caused the arithmetic mean concentration to exceed the maximum detected concentration. 

H5- 1 



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 
the arithmetic mean concentration to exceed the maximum reported concentration, those non- 
detect samples were excluded from the calculation. 

Attachment H1 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 are also shown for selected 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 appeared 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 H5-1 
through H5-3. 

Attachment H1 also contains a discussion of the statistical treatment of data sets that 
contained greatly than 15 percent non-detects and data sets that contained negative or zero 
values, which was common for radionuclides. 

H5.2 SURFACE SOIL 

Table H5-1 summarizes the RME concentrations of COCs in onsite surface soil in each 
exposure area. COCs are aroclor- 1254, aroclor-1260, BEHP, Cr, Am-24 1 ,  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) were detected in only 2 of 40 surface soil samples, both collected 
in 1993 at the Mound Area (IHSS 113) (Figure H5-1). Nevertheless, aroclors were 
identified as OU-wide COCs using the selection process described in Section H3.1, 
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and exposure point concentrations were calculated for AOC No. 1 and the 30- and 50- 

acre maximum exposure areas within AOC No. 1. In fact, these areas are not 
ubiquitously contaminated with PCBs; instead, contamination is limited to the area 
near IHSS 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. 

e 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 mg/kg. These sample results were 26 mg/kg and 29.5 mg/kg. 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 H5-2). These two results only slightly 
exceed the background UTL,,,,. Table H5-1 shows that the RME concentrations of 
Cr range from about 13 to 17 mgkg, depending on the exposure area. These levels 
are well within background range (the background mean and maximum are 15 mgkg 
and 20 mgkg, 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 50-acre areas. 
This is because two extreme values for Pu-239/240 (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 50-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 



air modeling to predict airborne particulate concentrations and deposition rates at onsite and 
offsite receptor locations. 

H5.3 SUBSURFACE SOIL 

Exposure concentrations of COCs in subsurface soil are summarized in Table H5-2. COCs 
are the radionuclides Am-241, Pu-239/240, U-233,-234, U-235, and U-238; the metals As, 
Cd, and Hg; and the VOC tetrachloroethene (PCE). The subsurface soil concentrations were 
used to estimate health risks associated with construction worker exposures and to model 
basement air concentrations of PCE. Exposure concentrations were calculated for AOCs No. 
1 and No. 2, where future construction activities were assumed to occur. The 95% UCL 
concentrations of PCE were also calculated in the 10- and 30-acre exposure areas to support 
modeling of soil vapor migration into a building (hypothetical residential and future office 
worker scenarios). 

H5.4 GROUNDWATER 

Exposure concentrations of chemicals of concern in UHSU groundwater are summarized in 
Table H5-3. COCs are CCI,, CHCI,, 1,l-dichloroethene, CH,CI,, PCE, TCE, and the 
radionuclides Am-241 and Pu-239/240. Because of variability in the number of sampling 
rounds at different wells, sample results from each well were averaged (arithmetic mean) 
before calculating 95% UCL concentrations for the exposure area so that each well is 
represented equally in the estimate of exposure concentrations. Wells where a COC was 
never detected were considered non-detect for that COC, and one-half the mean of the 
reporting limits was used in the calculation of the exposure concentration. Individual sample 
results and well averages are shown in the data tables in Attachment H1. 

RME concentrations were calculated for AOCs No. 1 and No. 2 and for the 10-acre exposure 
area. The 95% UCL concentrations shown in Table H5-3 for the 10-acre area are based on 
a normal distribution. As noted in the table and in Attachment H1, calculating the 95% UCL 

concentrations on log-transformed data gave unreasonable results. Therefore, other values 
were used in risk assessment (the "normal" 95% UCL) and in soil gas modeling (the average 

concentration in the maximum contaminated well). 
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maximum exposure area in AOC No. 1. COCs are VOCs in groundwater, namely, 1,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 
(VF) to convert a water concentration (mg/L) 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 @e., half of the concentration of each chemical in water will be 
transferred into air by all types of water uses). A CT value was chosen for the volatilization 
factor since risks are evaluated for chronic exposure. This CT value would therefore best 
represent a chronic exposure situation. 

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. 

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. The current water management plan eliminates or minimalizes transport 
of potential OU-2 contaminants from creeks to offsite receptors. Thus, there was assumed 
to be negligible current 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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was selected to correspond to the reasonable maximum exposure 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. 

H5.7.1 Surface Water Modeling Approach 

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 and surface soil. 

The following COCs were modeled: 

Groundwater 

Pu-239/240 (filtered fraction) 1,l-DCE 
Am-241 (filtered fraction) CH,Cl, 
CCI, PCE 
CHCI, TCE - 

- Soil 

Pu-2391240 
Am-24 1 

Other COCs in surface soil (BEHP, PCBs, and Cr) were not modeled as source loads to the 
creeks because they were detected above background levels at only one or two sampling 
locations and the mass flux of these COCs would be insignificant compared to mass flux of 
Pu-2391240 and Am-241, which were found at nearly all surface soil sampling locations. 

The model included the following specific components: stochastic simulation of precipitation 
based on historical precipitation data; simulation of retention, infiltration, and surface runoff; 
simulation of interflow and groundwater seepage to creek flow; and estimates of soil erosion 
and nonpoint source contaminant loads. Surface runoff was simulated using the CUHP. Soil 
erosion was modeled with the Universal Soil Loss Equation. 

The mass loads of groundwater COCs were estimated by groundwater modeling, described 
in Appendix E of the RFI/RI Report. The estimated maximum annual average loads were 
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TABLE H5-2 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF CONCERN 

IN SUBSURFACE SOILS 

AOC NO. 1 Maximum 
Exposure Areas 

AOC No.1 AOC No. 2 10-Acre 30-Acre 
Uranium-233, 234 @Ci/g) 

Number of Samples 269 2 NE NE 
Number of Detects 269 2 NE NE 
Minimum Detected Concentration 0.05 0.85 NE NE 
Maximum Detected Concentration 191.7 1.20 NE NE 
95YoUCL 0.82 In NE NE 
RME Concentration 0.82 1.20 NE NE 

Number of Samples 276 2 NE NE 
Number of Detects 276 2 NE NE 
Minimum Detected Concentration 0.08 0.87 NE NE 
Maximum Detected Concentration 113.1 1.11 NE NE 
9 5 O/oUCL 0.87 In NE NE 
RME Concentration 0.87 1.11  NE NE 

Number of Samples 170 2 NE NE 
- Number of Detects 158 2 NE NE 

Minimum Detected Concentration -0.04 0.07 NE NE 
Maximum Detected Concentration 11.5 0.07 NE NE 
95%UCL 0.07 In NE NE 
RME Concentration 0.07 0.07 NE NE 

Uranium-238 @Ci/g) 

Urani~m-23 5 @Ci/g) 

Note: Analytical results used in the calculation of 95% UCL concentrations are shown in Attachment H1. 
- Not detected in t h i s  area. 
RME - Reasonable maximum exposure. 
In - Based on lognormal distribution. 
n - Based on normal dstribution. 
NE - Not evaluated. exposure to subsurface soil was not evaluated in these areas. 
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TABLE 85-3 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF CONCERN 

IN GROUNDWATER 

AOC No. 1 Maximum 
Exposure Areas 

AOC No.1 AOC No. 2 10-Acre 30-Acre 
I ,  1 -Dichloroethene (ug/L) 

Number of Wells Sampled 
Number of Wells where Detected 
Minimum Well Average(') 
Maximum Well Average(') 
95%UCL"' 
RME Concentration 

Carbon Tetrachloride (ug/L) 
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 Concentration 

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

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

Methylene Chloride (ug/L) 

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

99 
41 
0.1 
35 1 
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 

-- 
-_ 
-- 
-- 
_- 
-- 

-- 
_- 
_- 
_- 
-- 
-- 

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 

sr 
sr 

sr 
sr 

sr 
sr 

sr 
sr 

16 
12 
0.1 
35 1 
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 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 0 7  
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 10-Acre 30-Acre 
Americium-24 1 @CUI-,) 

Number of Wells Sampled 69 5 14 NE 

Minimum Well Average -0.01 0.00 0.01 NE 
Maximum Well Average 3 1.5 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 where Detected 69 5 14 NE 

Plutonium-239/240 (pCi/L) 
Number of Wells Sampled 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 1.6E+05 In 43.7 n,d NE 
RME Concentration 2.4 1.13 NE 

-- Not detected in this area. 
In - Based on lognormal distribution. 
n - Based on normal distribution. 
d - See discussion in Attachment H 1. 
sr - Sample resnlt (not a well average). 
NE - Inorganic chemicals in groundwater were not evaluated in the 30-acre exposure area. 
(1) Sampling results from each well were averaged (arthimetic mean) and those values 

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

Number of Wells where Detected 70 5 15 NE 
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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(2-ethylhexyl)phthalate (mg/m3) 3.39E-09 1.62E-09 

Cadmium (mg/m3) 1.3 5E-11 5.54E-09 
chromium (mg/m3) 1.89E-07 1.93E-07 

~mericium-24 1 @ci/m3) 4.12E-04 2.13E-05 
~lutonium-23 9/240 @cum3) 1.13E-02 1.53E-04 
Uranium-233, -234 @Ci/m3) 9.29E-09 1.36E-08 

Uranium-238 (pCi/m3) 9.82E-09 1.25E-08 

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

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

Uranium-235 @Cum3) 7.92E-10 7.92E- 10 

NOTE: 
The construction scenario includes air impacts from wind erosion of surface soil in the AOC; wind 
erosion from subsurface soil in a 10-acre excavation, and emissions from heavy construction 
activities. Concentrations are based on the maximums of five annual simulations from 1989 
through 1993; detailed in Appendix G of this RFI report. 

-- Not detected in this area. 
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I TABLE 85-13 
ESTIMATED FRACTION OF HOMEGROWN PRODUCE 

AFFECTED BY DEPOSITION 

50th Percentile Weighted 
Homegrown O/O Homegrown 

Produce Intake Individuals Intake 
Category (€my) (1) Consuming (1) (@day) 

White potatoes 7.4 14.4 5.5 

carrots 2.7 5 0.1 

Raw vegetables 

Cucumbers 9.1 5.6 o s  
LettUCe 1.3 50.7 0.7 
Onions 0.7 8.5 0.1 
Tomatoes 14.6 27.8 4.1 

Cooked vegetables 

Carrots 
Corn 
Lima Beans 
Mixed Veg 
Peas 

4 9.8 
60.9 25 
21.8 2.8 
15.5 (2) 3.4 
22 (2) 2.9 

0.4 
15.2 
0.6 
0.5 
0.6 

I - Green ~ e a s  14 (2) 18 3 3 6  -. - ._ % - I  

Spinach 6 8  4.5 0.3 
String beans 15.1 27.3 4.1 
Summer squash 18 (2) ' 2.8 0.5 
Sweet potatoes 6 7  4.1 0.3 

Ratio exposedtotal 0.3 

Fruits 
Grapefruit 
Oranges 

10.1 
4.5 

4.7 
9 

0.5 
0.4 

18 
9 

4.8 

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

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





H7.3 SLOPE FACTORS FOR CHEMICAL CARCINOGENS 

In estimating the risk posed by potential chemical carcinogens, it is EPA practice to assume 
that any exposure level is associated with a finite probability, however minute, of producing 
a carcinogenic response. In other words, it is assumed that a small number of molecular 
events can evoke changes in a single cell that can lead to uncontrolled cellular proliferation. 
This mechanism for carcinogenicity is referred to as Ikon-threshold" since there is 
theoretically no level of exposure that does not pose a small probability of producing a 
carcinogenic response. This is a conservative (protective) assumption that may overestimate 
the response to low doses of some suspected carcinogens, especially those for which there 
is scientific evidence of a threshold dose. 

SFs for most chemicals are based upon the results of animal studies which, as previously 
discussed, involve uncertainty. It is not certain that all animal carcinogens are carcinogenic 
in humans. While many chemical substances are carcinogenic in one or more animal species, 
only a small number of chemical substances are known to be human carcinogens. The EPA 
assumes that humans are as sensitive to all animal carcinogens as the most sensitive animal 
species. This policy decision is designed to prevent underestimating risk and introduces the 
potential to overestimate carcinogenic risk (EPA 989a). 

The EPA also uses an evaluation process in which the chemical is assigned a cancer weight- 
of-evidence classification. The weight-of-evidence classification describes the degree of 
confidence or likelihood, based on scientific evidence, that the substance is a human 
carcinogen. EPA cancer weight-of-evidence classifications are shown at the bottom of Table 
H7- 1. 

SFs are calculated from experimentally based or epidemiological data that quantitatively 
define the relationship between average lifetime dose and carcinogenic risk (EPA 1989a). 
A number of mathematical models and procedures have been developed to extrapolate from 
carcinogenic responses observed at high doses in laboratory animals to potential responses 
expected at low doses in humans. EPA uses a conservative mathematical model, the 
linearized multistage model, for low-dose extrapolation. EPA identifies the SF as the upper 

95th percentile confidence limit on the slope of the resulting dose-response curve The SF 
is expressed in units of risk per mgkg-day, or (mgkg-day).', and is used to estimate excess 
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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 result 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. 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 1 9 9 4 ~ )  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 IO-” 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 



generally concentration levels that represent an excess upperbound lifetime cancer risk of 
between 1 Oe4 and 1 O-6.'' Additionally, where cumulative carcinogenic risk to an individual 
based on RME exposure is less than and the total HI does not exceed 1, action is 
generally not warranted for protection of public health (EPA 1991d). EPA recommends that 
cancer risk be evaluated separately for radionuclides and nonradionuclides (EPA 1989a). In 
the current assessment, separate estimates of radionuclide and nonradionuclide cancer risk 
were presented in Attachment H3, Health Risk Calculations. However, to reduce complexity 
in the following sections, cancer risks from radionuclide and nonradionuclide exposures were 
added and reported as total cancer risk. 

H8.3 AOC No. 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 industriaVoffce workers, future 
ecological workers, future open space users, future construction workers, and hypothetical 
residents. Hazards/risks for hypothetical future residents, future industriaVoffice workers, and 
future ecological workers were also estimated in lo-, 30-, and 50-acre maximum exposure 
areas, respectively, in AOC No. 1. R s k  resuits 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 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 H8-1). Because the HIS are less than 1, no adverse noncancer health effects are 

expected even for sensitive individuals exposed under Rh4E 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 
e External irradiation from decay of radionuclides in surface soil 

The cumulative HIS indexes for noncarcinogenic health effects for current onsite workers are 
2E-03 and 1E-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 current 
worker in AOC No. 1. 

Future Industrial/Office Worker: Exposure pathways evaluated for the future industrial/office 
worker were the same as for the current worker with the addition of inhalation of VOCs 
migrating from subsurface soil and groundwater to indoor air. 

The cumulative HIS for noncarcinogenic health effects for the future industrial/office worker 
are 6E-03 and 4E-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 
industrial/office worker in AOC No. 1. 

Future EcoloPical Worker: Exposure pathways evaluated for the ecological worker were: 

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

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

0 

The cumulative HIS for noncarcinogenic health effects for the future ecological worker are 
SE-03 and 2E-02 for the average and Rh4E conditions, respectively (Table H8-1). These 
values are below 1, indicating that no adverse noncancer effects are expected for the future 
ecological worker in AOC No. 1. 

Future Ouen Space Use: Exposure pathways evaluated for open space use were the same as 
for the ecological receptor with the addition of soil ingestion by young children. The 
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cumulative €€Is for noncarcinogenic health effects for the future open space user are 5E-04 
and 1E-02 for the average and RME conditions, respectively (Table H8-1). These values are 
below 1, indicating that no adverse noncancer effects are expected from fukre open space use 
in AOC No. 1 .  

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. 

HvDothetical 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, 
actual risks to current and possible future receptors in OU-2 will be lower than those 
estimated for this scenario. Exposure pathways evaluated were: 

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

Surface water and sediment ingestion and dermal contact (Walnut and Woman 0 

creeks) 
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 0 
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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 
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 
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 
1.4E+02, contributes the largest fraction (97 percent) of the total HI, while tetrachloroethene 
has an HQ of 3EM0 (see detail in Attachment H3). RME 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. 

H8.3.2 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: 
described in Section H8.3.1. 

Exposure pathways evaluated-for the current worker were the same as 

The estimated excess lifetime cancer risk for the current worker in AOC No. 1 is 7E-07 (7 
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 
3E-06 (3  in 1 million) under the average exposure condition and 8E-05 (8 in 100,000) under 
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the RME 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 
inhalation pathways accounted for 92% of the estimated RME excess lifetime cancer risk for 
this receptor. (See detail in Attachment H3.) 

' Future Ecoloeical 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 millioR 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 2E-07 (1 in 10 
million) under the average exposure condition and 3E-07 (3 in 10 million) under the Rh4E 
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. 

HvDothetical 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, actual risks to current and possible future receptors in OU-2 
will be lower than those estimated for this scenario. 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 
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assuming residential use 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). 

Most of the health hazardshisks derive from assumed exposure to groundwater. For example, 
the average and RME cancer risk estimates for the groundwater pathways (ingestion and 
inhalation of VOCs) were 4E-04 and 7E-03, respectively. The average and Rh4E cancer risk 
estimates for surface soil pathways (ingestion and inhalation of PM,,) were 3E-05 and 3E-04, 
respectively. Note that risk from soil exposure pathways under the average scenario are 
within EPA's target risk range. Other exposure routes posed relatively little or negligible risk. 

Chief contributors to risk from groundwater exposure are carbon tetrachloride and 
tetrachloroethene. The chief contributor to risk from exposure to surface soil (ingestion and 
inhalation routes) is Pu-239/240. Chemical-specific risks for all pathways are detailed in 
Attachment H3. 

H8.4 MAXIMUM EXPOSURE AREAS IN AOC No. 1 

As discussed in Section H4.4, hazarddrisks were also estimated for three maximum exposure 
areas in AOC No. 1. These areas are as follows: 

0 A 10-acre hypothetical residential neighborhood at the area of maximum soil 

A 3 0-acre industrial/office park incorporating the maximum contaminated area 

A 50-acre ecological study area incorporating the maximum contaminated area 

and groundwater contamination in OU-2 
e 

in OU-2 
0 

in OU-2. 

Hazardhisk results for each receptor/exposure area are summarized in Table H8-2 and are 
discussed below. Detailed chemical- and pathway-specific results are presented in Attachment 
H3. 
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HS.4.1 Hypothetical Onsite Resident (10-acres) 

Cumulative HIS and cancer risks were estimated for hypothetical onsite residential exposure 
in a 10-acre maximum exposure area, approximately equivalent to the 903 Pad Area. 

Pathways evaluated were listed for the onsite resident in AOC No. 1 (Section H8.3.1). 
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 2E+01 and 1.6Ei-02 for the average and RME 
conditions, respectively (Table H8-2). The HIS exceed I ,  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 Rh4E 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 exceeds EPA's target risk range. 

Chief contributors to hazardrisk 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. 
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H8.4.2 Future IndustriaVOffice Worker (30-acres) 

Noncarcinoyenic Hazard Index: The exposure pathways evaluated for the future onsite 
worker were surface soil ingestion and dermal contact, inhalation of PMlo, and inhalation of 
indoor VOCs. The cumulative Ms 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 (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. 

Carcinopenic Risk: The estimated excess lifetime cancer risk is SE-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 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), whereas the average risk estimate is within EPA's risk range. RME cancer 
risks estimates for this receptor are likely to significantly overestimate actual risk because 
overly conservative assumptions resulted in overestimation of intake values for ingestion and 
inhalation of soil. 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. 
The exposure point concentration of Pu-239/240 -of 1.8E4-06 pCi/kg is driven by one high 
sample result (7.3E+06 pCi/kg) in the 30-acre maximum exposure area. The next highest 
concentration was 9.5E+05 pCi/kg. The single high value the estimates of exposure 
concentration and risk for the entire 30-acre area. 

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

Noncarcinoerenic 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 7E-06 (7 in 1 million) for the Rh4E condition (Table 
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H8-2). These levels are within EPA's target risk range of 1E-06 to 1E-04 for exposure to 
chemicals released from hazardous waste sites (EPA 1989a). 

H8.5 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. 
Hazardrisk results for current and future receptors located in AOC No. 2 are summarized in 

Table H8-3 and detailed in Attachment H3. 

HS.5.1 Noncarcinogenic 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 Rh4E conditions. Because the Hls are well below 1, no adverse noncancer health 
effects are expected even for sensitive individuals exposed under RME conditions. Results 

for each receptor are summarized below. 

Hazard Index for Receptors in AOC No. 2 

Receptor CT RME 

Current Worker 2.9E-07 

Future Industrial/Office Worker 9.OE-07 

Future Ecological Worker 1.6E-04 

Future Open Space Use 3.lE-05 

Future Construction Worker 3.2E-03 

Hypothetical Onsite Resident 9.6E-04 

1.9E-06 

1 .OE-05 

3 .OE-04 

3.8E-04 

1.8E-02 

6.OE-03 

H8.5.2 Carcinogenic Risk 

Current and Future Nonresidential Onsite Receptors: 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 H8-3). 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. 

Future Onsite Resident: Although onsite residential use will not occur in OU-2, excess 

lifetime cancer risks were estimated for onsite residential exposure in AOC No. 2 to provide 
an upperbound estimate of risk 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 9.9E-09 
~~ ~ 

2.OE-07 

Future Industrial/Office Worker 3.9E-08 1.2E-06 

Future Ecological Worker 2.4E-08 6.7E-08 

Future Open Space Use 5.8E-09 2.6E-07 

Future Construction Worker 2.8E-08 1.4E-07 

Hypothetical Onsite Resident 7.6E-07 1.3E-05 

H8.6 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 
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closest residence to WETS in the prevailing southeast wind direction (Current Resident, 
Southeast), each located east of Indiana Street near WETS southeast corner. 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 Creekfindha) 
or Woman Creek (Future Resident, Woman Creekhdiana). Exposure pathways for future 
offsite receptors include those for current offsite receptors, plus oral and dermal exposure to 
surface waterhediments in Woman Creek or Walnut Creek. Hazardrisk results for current 
and future offsite receptors are summarized in Table H8-4 and detailed in Attachment H3. 

H8.6.1 Noncarcinogenic Hazard Index 

For all current and future offsite receptor locations, the total HIS for noncarcinogenic health 
effects from offsite impacts from chemicals released to air or surface water from either AOC 
No. 1 or AOC No. 2 are 6E-04 or less for the average and RME conditions (Table H8-4). 
When the total Ms for impacts from AOC No. 1 and AOC No.2 are summed, the HIS for 
offsite receptors are 1E-03 or less for the average and RME conditions. Because these hazard 
indexes are well below 1, no adverse noncancer health effects are expected even for sensitive 
individuals exposed under RME conditions. 

H8.6.2 Carcinogenic Risk 

For all current and future offsite receptor locations, the estimated excess lifetime cancer risks 
are 2E-07 (2 in 10 million) or less (Table H8-4). When cancer risk from impacts from AOC 
No. 1 and AOC No.2 are summed, the estimated cancer risks for offsite receptors are 4E-07 
(4 in 10 million) or less for the average and RME conditions. These levels are below the EPA 
"point of departure" of 1E-06 (1 in 1 million) for evaluation of risk from exposure to 

chemicals released from hazardous waste sites (EPA 1989a), and indicate negligible cancer 
risk from offsite exposure to suspended or deposited particulate matter or to surface 
waterlsuspended sediments. 



H8.7 EVALUATION OF HEALTH HAZARDS FROM EXPOSURE TO LEAD 

Lead was detected in greater than 5 percent of surface soil, subsurface soil, and groundwater 
samples in OU-2. EPA-established toxicity factors for lead were not available at this writing, 
and hazard indexes and cancer risk cannot be estimated for lead. In this section, the potential 
for health hazards from exposure to lead in soil and groundwater are discussed. 

H8.7.1 Surface Soil 

Concentration distributions of lead in surface soil in OU-2 were not significantly di'fferent 
than background distributions according to statistical background comparisons (DOE 1994a, 
Appendix A). However, three sample results from surface soil exceeded the background 
UTL,,,,, of 61.4 mgkg. EPA's Revised Interim Soil Lead Guidance recommends a screening 
level of 400 ppm (400 mgkg) for residential scenarios (EPA 1994d). The maximum detected 
concentration of lead in surface soil in OU-2 (145 mgkg) was less than EPA's screening level 
for residential soil indicating that lead in surface soil would not be expected to pose a health 
risk. 

HS.7.2 Subsurface Soil 

Concentration distributions of lead in subsurface soil in OU-2 were not significantly different 
than background distributions according to statistical background comparison (DOE 1994a, 
Appendix A). However, three sample results from subsurface soil exceeded the background 
UTL,,,, of 31 mgkg. The maximum detected concentration of lead in subsurface soil in 
OU-2 (8.6.4 mgkg) was less than EPA's screening level of 400 mgkg for residential soil 
(EPA 1994d) indicating that lead in subsurface soil would.not be expected to pose a health 
threat. 

H8.7.3 Groundwater 

Lead concentration distributions in OU-2 were statistically significantly different from 
background distributions in unfiltered groundwater samples but not in filtered groundwater 
samples (DOE 1994a, Appendix A). The maximum concentration of lead in filtered 
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groundwater (13.8 p g L )  did not exceed the federal standard for tap water (15 pg/L). A 

summary of lead concentrations in OU-2 and background samples is shown below: 

Concentrations of Lead in Groundwater, pg/L 
~~~ 

Sample Background Site Background Site No. > 

Type Mean Mean Maximum Maximum UTL,,,, UTL,,,99 

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. 

H8.8 SUMMARY OF CUMULATIVE HAZARDIRISK 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 2E+01 (CT, AOC No. 1) to 1.6E-tO2 

(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 i n  groundwater. These results for the residential 
scenario indicate that hazardlrisks from domestic use of groundwater in AOC No. 1 and the 

I0-acre maximum exposure area would be expected to exceed levels of concern. However, 
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total HIS associated with other exposure pathways were less than 1, and cancer risk estimates 
ranged from 1.5E-05 (CT, 10-acre area) to 4E-04 (Rh4E, AOC No. 1) for other exposure 
pathways. Residential use of groundwater will not occur in OU-2 because future land use 
at W E T S  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/offce 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. Hazard/risk 
results for this receptor are summarized below. 

Hazardhtisk Summary for Future Onsite Industrial/Office Worker 

Hazard Index Cancer Risk 

CT RME CT RME 
Risk Driver 

AOC NO. 1 6E-03 4E-02 3E-06 8E-05 Pu-239/240 in surface soil 

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

The low HIS for the future industrial/offce 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 Rh4E condition 
in the 30-acre maximum exposure area exceeds the EPA target risk range of 1E-06 to 1E-04 

(1 in 1 million to 1 in 10,000). RME cancer risk estimates for this receptor are likely to 

significantly overestimate actual risk because overly conservative assumptions results in 

overestimation of intake values for ingestion and inhalation of soil 
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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. As discussed 
in Section H8.4.2, one relatively high concentration value for Pu-239/240 in surface soil 
drives estimates of Pu-23 9/240 exposure point concentrations for the entire 30 acres, which 
also drives estimates of cancer risk for future industrial/office workers. Other samples in the 
data set had significantly lower concentrations. 

. 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. Hazardhisk 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: Hazardhisk 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. 



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

Reasonable 
Average Exposure Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
ReceptorIExposure 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 Particulates 3.9E-07 3.1E-06 
-Dermal Contact with Surface Soil 1.3E-08 1.4E-03 5.0E-07 9.0E-03 
-External Irradiation from Surface Soil 9.8E-09 1.1E-07 

Total 6.8E-07 1.6E-03 1.4E-05 1 .OE-02 

Future IndustriaVOffice Worker 
-Ingestion of Surface Soil 7.7E-07 5.1E-04 6.1E-05 6.5E-03 
-Inhalation of Particulates 1.8E-06 1.8E-05 

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

-Dermal Contact with Surface Soil 4.6E-08 5.2E-03 1.8E-06 3.3E-02 
6.5E-12 

Total 2.6E-06 5.7E-03 8.2E-05 3.9E-02 

Future Ecological Worker 
-Ingestion of Surface Soil 9.4E-07 1.OE-03 3.4E-06 3.6E-03 
-Inhalation of Particulates 4.3E-07 8.1 E-07 
-Dermal Contact with Surface Soil 1.9E-08 3.4E-03 l.lE-07 1.9E-02 
-Ingestion of Surface WaterISediment 1.2E-10 3.3E-06 1 .OE-09 2.8E-05 
-Dermal Contact with Surface WatedSediment 3.5E-09 1.6E-04 6.0E-09 2.7E-04 
-External Irradiation from Surface Soil 1.7E-08 2.1E-08 

2.3E-02 Total 1.4E-06 4.6E-03 4.3E-06 

Open Space Use 
-Ingestion of Surface Soil ChiWAdult (Carcinogenic) 1.7E-07 8.8E-06 
-Ingestion of Surface Soil Child (Noncarcinogenic) 3.7E-04 6. IE-03 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 4.2E-05 6.5E-04 
-Inhalation of Particulates 5.0E-08 2.3E-06 
-Dermal Contact with Surface Soil 7.4E- 10 3.88-05 2.7E-07 4.1E-03 
-Ingestion of Surface WaterISediment 3.9E- 10 2.9E-06 1.6E-08 3.5E-05 
-Dermal Contact with Surface WaterISediment 2 2E-09 2.7E-05 8.9E-08 3.3E-04 
-External Irradiation from Surface Soil 3.2E-09 6.5E-08 

Total 2.3E-07 4.7E-04 1.2E-05 1.1E-02 

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

2.5E-08 3.1E-03 1.4E-07 1.7E-02 
1.2E-07 1.2E-10 1.5E-07 1.5E-10 
5.6E-09 7.5E-04 3.1E-08 4.2E-03 

-External Irradiation from Subsurface Soil 12E-09 1.6E-09 
Total 15E-07 3.8E-03 3.2E-07 2.2E-02 



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

Reasonable 
Average Exposure Maximum Exposure 

Receptor/Exposure Pathway Risk Index Risk Index 

Hypothetical Resident 

Carcinogenic Hazard Carcinogenic Hazard 

-Ingestion of Surface Soil ChiWAdult (Carcinogenic) 1.8E-05 2.5E-04 

1.8E-02 -Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 8.8E-06 9.3E-05 
-Dermal Contact with Surface Soils 7.4B-08 3.7E-03 7.7E-06 1.2E-0 1 

1.4E+02 -Ingestion of Groundwater 2.6E-04 2.OE+O 1 6.2E-03 

-Ingestion of Surface Soil Child (Noncarcinogenic) 4.7E-02 1.7E-01 
3.9E-03 

-Inhalation of VOCs from Infiltration of Soil Gas 8.1E-08 8.6E-12 6.4E-07 2.1E-11 
-Inhalation of VOCs from Groundwater Use 1.5E-04 8.5E-05 1.2E-03 2.OE-04 
-Ingestion of Garden Produce (Root Uptake) l.lE-06 1.6E-02 1.3E-05 5.5E-02 
-Ingestion of Garden Produce (Deposition) 1.4E-07 4.OE-05 3.3E-06 2.9E-04 
-Ingestion of Surface WatedSediment 3.1E-10 2.3E-06 1.9E-08 4.2E-05 
-Dermal Contact with Surface WatedSediment 8.9E-09 1.1E-04 2.1E-07 7.9E-04 
-External Irradiation from Surface Soil 3.5E-07 3.7E-06 

Total 4.48-04 2.OE4-01 7.7E-03 1.4E+02 

Notes: 

Chemical- and pathway specific results are detailed in Attachment H3 



TABLE 88-2  
SUMMARY OF ESTIMATED HEALTH RISKS FOR 

MAXIMUM EXPOSURE AREAS 

Reasonable 
Average Exposure Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
Receptor/Exposure Pathway Risk Index Risk Index 
Hypothetical Resident (10 Acres) 

1 .OE-05 1.4E-04 -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 Infltration 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 Industrial/Office 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 

1.5E-04 
1.2E-05 

5.4E-04 
5.8E-05 

3.5E-06 
2.2E-11 
4.3E-04 
1.3E-10 
5.7E-04 
9.2E-07 
5.5E-08 
3.1E-10 
8.9E-09 
9.5E-07 
l.lE-03 

3.7E-05 
2.2E-09 
1 .OE-02 
l.lE-09 
4.5E-03 
1.OE-05 

1.9E-08 

1 .OE-05 

1.3E-06 

2.1E-07 

1.5E-02 

6.OE-07 
2.3E+O1 
1.2E-09 
2.1 E-02 
6.8E-04 
8.9E-08 
2.3E-06 
1.1E-04 

1.9E-05 
1.6E+02 
2.8E-09 

2.4E-03 
5 .OE-02 

6.4E-07 
4.2E-05 
7.9E-04 

2.3E+O1 1.6E+02 

1 .OE-03 1.3E-02 1.7E-06 
3.4E-06 
9.OE-OX 
5.7E-11 
1.4E-07 
5.3E-06 

1.4E-04 
3.5E-05 
3.6E-06 
5.9E- 10 
1.5E-06 
1.8E-04 

1 .OE-02 
1.1E-09 

6.5E-02 
1.8E-09 

l.lE-02 7.8E-02 

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

Total 

1.7E-03 6.1E-03 1.5E-06 
6.OE-07 
3.2E-08 
1.2E-10 
3.48-09 
3.4E-08 
2. IE-06 

5.28-06 
l.lE-06 

1 .OE-09 
1.8E-07 

5.98-09 
4.2E-08 
6.5E-06 

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

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

7.6E-03 3.9E-02 

Notes: 

Chemical- and pathway specific results are detailed in Attachment H3 
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TABLE HS-3 
SUMMARY OF ESTIMATED HEALTH RISKS FOR AOC NO. 2 

Reasonable 
Average Exposure Maximum Exposure 

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

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

3.7E-09 2.4E-07 1.5E-07 1.6E-06 
5.8E-09 4.6E-08 
7.9E-13 4.9E-08 3.1E-11 3.1E-07 

-External Irradiation from Surface Soil 4.6E-10 5.2E-09 
Total 9.9E-09 2.9E-07 2.0E-07 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 
2.6E-08 2.7E-07 
2.9E- 12 1.8E-07 1.1E-10 1.1E-06 

1.4E-11 l.lE-14 8.5E-12 l.lE-13 
-External Irradiation from Surface Soil 2.7E-09 3.1E-08 

Total 3.9E-08 9.OE-07 1.2E-06 1 .OE-05 

Future Ecological Worker 
-Ingestion of Surface Soil 1.3E-08 1.4E-06 4.7E-08 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 WaterSediment 1.2E-10 3.3E-06 1.0E-09 2.8E-05 
-Dermal Contact with Surface Water/Sediment 3.5E-09 1.6E-04 6.OE-09 2.7E-04 
-External Irradiation from Surface Soil 8.2E- 10 1 .OE-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) 
-Dermal Contact with Surface Soil 
-Inhalation of Particulates 
-Ingestion of Surface Water/Sediment 
-Dermal Contact with Surface Water/Sediment 
-External Irradiation from Surface Soil 

Total 

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

2.3E-09 
5.1E-07 
5.8E-08 

4.7E-14 1.3E-09 
7.3E-10 
3.9E-10 2.9E-06 
2.2E-09 2.7E-05 
1.5E-10 
5.8E-09 3.1E-05 

1.2E-07 
8.5E-06 
9.1E-07 

1.7E-11 1.4E-07 
3.4E-08 
1.6E-08 3.5E-05 
8.9E-08 3.3E-04 
3.OE-09 
2.6E-07 3.8E-04 

2.5E-08 3.2E-03 1.4E-07 1.8E-02 
1.8E-09 2.2E-09 

-External Irradiation from Subsurface Soil 1.5E-09 1.9E-09 
Total 2.8E-08 3.2E-03 14E-07 1.8E-02 



TABLE H8-3 
SUMMARY OF ESTIMATED HEALTH RISKS FOR AOC NO. 2 

Reasonable 
Average Exposure Maximum Exposure 

Rece pto r/Exposu re Pathway Risk Index Risk Index 
Carcinogenic Hazard Carcinogenic Hazard 

Hypothetical Resident 
-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 WatedSediment 
-Dermal Contact with Surface WatedSediment 

2.5E-07 

1.3E-07 
4.6E-12 
3.1E-07 
5.6E- 14 
3.1E-08 
2.OE-08 
2,OE-09 
3.1E-10 
8.9E-09 

6.5E-05 
5.5E-06 

1.3E-07 
6.0E-04 

2.0E-05 

6.0E-08 

1.1E-04 

1.9E-11 

1 . 5E-04 

2.3E-06 

3.4E-06 

1.4E-06 
4.8E- 10 
7.4E-06 
4.5E-13 
2.5E-07 
2.0E-07 
4.9E-08 
1.9E-08 
2.1E-07 

2.4E-04 
2.6E-05 

4.OE-06 
4.3E-03 
4.5E-11 
4.9E-05 
5.4E-04 
4.3E-07 
4.2E-05 
7.9E-04 

-External Irradiation from Surface Soil 1.6E-08 1.7E-07 
Total 7.6E-07 9.6E-04 1.3E-05 6.OE-03 

- Notes: 

Chemical- and pathway specific results are detailed in Attachment H3 



TABLE HS-4 
SUMMARY OF ESTIMATED HEALTH RISKS FOR OFFSITE RESIDENTS 

Reasonable 
Average Exposure Maximum Exposure 

Receptor/Exposure Pathway Risk Index Risk Index 

Carcinogenic Hazard Carcinogenic Hazard 

AOC No. 1, Current Resident, Southeast 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 
-Ingestion of Surface Soil Child (Noncarcinogenic) 0 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 0 
-Inhalation of Particulates 1.4E-09 0 
-Dermal Contact with Surface Soil 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 

Total 1.4E-09 0 

0 '  0 
0 
0 

1 SE-08 0 
0 0 
0 0 

1.5E-08 0 

AOC No. 1, Current Resident, Indiana South 
-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 Garden Produce (Deposition) 

Total 

0 0 
0 
0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

AOC No. I ,  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 
-Ingestion of Garden Produce (Deposition) 0 
-Ingestion of Surface WatedSedirnent 4.8E-11 
-Dermal Contact with Surface WatedSediment 7.7E-09 

Total 7.7E-09 

AOC No. 1 ,  Future Resident, Woman 
-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 Water/Sediment 
-Dermal Contact with Surface Water/Sediment 

Total 

0 
0 
0 
0 0 
0 0 
0 0 

1.5E-06 2.9E-9 
8.4E-05 1.8E-07 
8.5E-05 1.8E-07 

0 0 
0 
0 

8 3E-10 0 8.7E-09 
0 0 0 
0 0 0 

2.7E- 10 8.OE-07 1.6E-08 
13E-09 2.8E-05 3 1E-08 
2 1E-09 2.9E-05 5 5E-08 

Hazard/risk estimates reported as 0 indicate that no air or deposltlonal impacts were predicted b! air 
modeling (see Section HS 5 2) 

I 

0 

0 
0 
0 
0 
0 

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

0 
0 
0 
0 
0 

1.5E-05 
2 OE-03 
2 1E-03 



TABLE HS-4 
SUMMARY OF ESTIMATED HEALTH RISKS FOR OFFSITE RESIDENTS 

Reasonable 
Average Exposure Maximum Exposure 

Carcinogenic Hazard Carcinogenic Hazard 
Recepto r/E xposu re Pathway Risk Index Risk Index 

AOC No. 2, Current Resident, Southeast 
-Ingestion of Surface Soil ChildAdult (Carcinogenic) 1.2E-13 1.7E-12 
-Ingestion of Surface Soil Child (Noncarcinogenic) 3.3E-11 1.2E-10 

1.3E-11 -Ingestion of Surface Soil Adult (Noncarcinogenic) 
-Inhalation of Particulates 5.7E-11 0 6.OE- 10 0 
-Dermal Contact with Surface Soil 2.4E- 18 6.5E- 14 2.4E-16 2. 0E- 1 2 

2.8E- 12 

-Ingestion of Garden Produce (Deposition) 2.6E-12 7.9E-11 6.3E-11 5.7E-10 
Total 6.OE-11 1.1E-10 6.7E-10 7.0E- 10 

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 9.1E-12 0 
-Dermal Contact with Surface Soils 0 0 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 0 0 

Total 8.6E-13 0 9.1E-12 0 
AOC No. 2. Future Resident, Walnut 

-Ingestion of Surface Soil ChiWAdult (Carcinogenic) 0 O.OE+OO 
-Ingestion of Surface Soil Child (Noncarcinogenic) 0 0 
-Ingestion of Surface Soil Adult (Noncarcinogenic) 0 0 
-Inhalation of Particulates 2.6E-12 0 2.7E-11 0 
-Dermal Contact with Surface Soil 0 0 0 0 
-Ingestion of Garden Produce (Deposition) 0 0 0 0 
-Ingestion of Surface WatedSediment 4.8E-11 1.5E-06 2.9E-09 2.8E-05 

6.0E-04 -Dermal Contact with Surface WatedSediment 7.6E-09 8.4E-05 I .8E-07 
Total 7.7E-09 8.5E-05 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) 

1.2E-13 

-Inhalation of Particulates 3.2E-1 1 
-Dermal Contact with Surface Soil 2.4E-18 
-Ingestion of Garden Produce (Deposition) 2.6E-12 
-Ingestion of Surface WatedSediment 2.7E-I0 
-Dermal Contact with Surface Water/Sediment 1.3 E-09 

Total I .6E-09 

1.7E-12 
3.3E-11 1.2E-IO 
2.8E-12 1.3E-I I 

0 3.4E-10 0 
6.SE-14 2.4E- 16 2.0E- 12 
7.9E-11 6.3E-11 S.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 .  IE-04 

Notes 

Chcrnical- and pathwa! -specific results are detailed i n  Attachment H3  



TEDE for one year of exposure and can be compared to annual radiation protection standards 
(also in terms of TEDEs for one year of exposure). 

Annual radiation doses were estimated for all receptors and exposure areas (Attachment H4); 
results are summarized and compared to radiation protection standards in the following 
subsections. 

H9.1.3 Radiation Protection Standards 

The DOE occupational limit for radiological workers is 50 mSv/year (5,000 mrem/year) (DOE 
1993i). The DOE annual radiation dose limit for members of the public is 1 mSv/year (100 
mrem/year) for all routes of exposure (DOE 1990e). The occupational limit for general 

employees (i.e., those not considered to be radiological workers) may be 100 or 5,000 

mrem/year depending on employment circumstances. DOE states, "The radiological worker 
dose limits ... also apply to genera1 employees. However, general employees who have not 
completed Radiological Worker I or I1 Training are not permitted unescorted access to any 

area in which they are expected to receive doses in excess of 100 mrem in one year. General 
employees who have not received Radiological Worker I or I1 training are not normally 
expected to exceed 100 mrem in a year" (DOE 1994h). These values are for radiation doses 
received in addition to that from natural background radiation (U.S. average background 
radiation is approximately 300 mrem/year, including exposure from radon; National Council 
on Radiation Protection and Measurements [NCRP] 1987) and that received from routine 
medical treatments (U.S. average is approximately 50 mrem/year; NCRP 1987). Background 
levels in the Denver area are estimated to range from 350 to 700 mrem/year; these levels are 
higher than the national average because of high natural levels of radium, thorium, and radon 
and because radiation exposure increases with increased altitude (National Council on 
Radiation Protection and Measurements [NCRP] 1987). 

H9.2 AOC No. 1 

Annual radiation doses, in terms of mrem/year were calculated for onsite receptors in AOC 
No. 1, in AOC No. 2 and in lo-, 30-, and 50- acre maximum exposure areas in AOC No. 1.  

Results are summarized in Tables H9-2 through H9-4 and calculations are shown in 
Attachment H4. 
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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 WETS, 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 IHSSs 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. 

Current Worker: 
current worker: 

The following radionuclide exposure pathways were evaluated for the 

Inhalation of airborne particulates 
Ingestion of surface soil 

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 mrern/year for the RME condition (Table H9-2). These 
values are below the DOE limits of 100 rnrem/year for members of the public and 5,000 

mremlyear for radiological workers exposures. 

Future IndustriaVOffice 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 5 mrem/year for the average 
exposure condition and 10 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. 



Future Ecological Worker: Radionuclide exposure pathways evaluated for the ecological 
worker were: 

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

Ingestion of surface waterkediment (Walnut and Woman creeks) 
External irradiation from radionuclides in surface soil 

e 

e 

The total annual radiation dose for the ecological worker in AOC No. 1 is 2 mredyear 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 SDace Use: Radionuclide exposure pathways evaluated for future open space 
use were: 

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

Ingestion of surface waterkediment (Walnut and Woman creeks) 
External irradiation from surface soil 

e 

e 

The total annual radiation dose for open space use in AOC No. 1 is 0.1 mrem/year for the 
average exposure condition and 1 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 Construction Worker: The future construction worker was evaluated for the following 
exposure pathways: 

e Subsurface soil ingestion 
e Inhalation of airborne particulates from subsurface and surface soil 

External irradiation from radionuclides in subsurface soil 0 

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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HvDothetical 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: 

0 Surface soil ingestion 

0 Inhalation of airborne particulates 
0 Groundwater ingestion 

0 External irradiation from radionuclides in surface soil 

0 Ingestion of surface water and sediment (Walnut Creek and Woman Creek) 
Ingestion of homegrown produce (surface deposition of particulates and root 0 

uptake) 

The total annual radiation dose for the onsite resident in AOC No. 1 is 13 mrem/year for the 
average exposure condition and 42 mrem/year for the RME condition. Inhalation of airborne 
particulates (22 mrem/year), external irradiation from surface soil (9 mrem/year), and 
ingestion of surface soil (6 mrem/year) 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 mrem/year 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 (mrem/year), were also 
estimated for receptors in three maximum exposure areas in AOC No. 1 :  

0 a 10-acre hypothetical residential neighborhood at the area of maximum soil 
and groundwater contamination in OU-2 
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0 a 30-acre industrial/office park incorporating the maximum contaminated area 
in OU-2 

0 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 17 mrem/year for the average exposure condition and 67 
mrem/year for the RME condition. External irradiation from surface soil (20 mrem/year), 
groundwater ingestion (1 9 mredyear),  ingestion of surface soil (14 mremiyear), and 
inhalation of airborne particulates (1 1 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 Industrial/Ofiice 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 10 mrem/year for the average exposure condition and 20 

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 mrem/year 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 mrem/year for the average exposure condition 
and 7 mrem/year for the RME condition (Table H9-3). These doses are below the DOE limit 
of 100 mremlyear for members of the public. 

H9.4 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. 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 RlME 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 Industrial/Office Worker: The total annual radiation dose for the future industrial 
office worker in AOC No. 2 is 0.1 mrem/year for the average exposure condition and 0.2 

mrem/year for the RME condition. 

Future Ecolonical 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 Rh4E condition. 
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Future Open Space Use: The total annual radiation dose for future open space use in AOC 
No. 2 is 0.002 mrem/year for the average exposure condition and 0.03 mrem/year for the 
RME condition. 

Future Construction Worker: The total annual radiation dose for the future construction 
worker in AOC No. 2 is 0.03 mrem/year for the average exposure condition and 0.08 

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 mrem/year 
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 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 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.Andiana) 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 watedsediments 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 0.004 mremlyear 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 20 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 mrem/year for radiological worker exposure. Estimated annual radiation 
doses for hypothetical residents ranged from 13 mrem/year (CT, AOC No. 1) to 67 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 10 mrem/year and 20 
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 Rh4E annual dose for this receptor (approximately 13 

mrem/year). Annual radiation dose for the future industrial/office worker in the 30-acre 
maximum exposure area is biased by one relatively high value for Pu-239/240 in surface soil 
(7.3E+06 pCi/kg) This concentration, which is 7 times higher than any other 



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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TABLE H9-1 
EFFECTIVE DOSE COEFFICIENTS FOR SELECTED RADIONUCLIDES 

Ingestion Inhalation 
Radionuclide fi (1) ( S V W  Class ( S V m l  External (3) 

Americium-24 1 1 .OOE-03 9 84E-07 W 1.20E-04 2.99Ei-00 

Plutonium-239 1.00E-03 9.56E-07 W 1.16E-04 3.78E-02 
1 .OOE-04 9.96E-08 Y 8.33E-05 
1.00E-05 1.40E-08 

Uranium-234 5.00E-02 7.66E-08 D 7.37E-07 8.07E-02 
2.00E-03 7.06E-09 W 2.13E-06 

Y 3.58B-05 

6 . 8 5 0 7  1.7 1E+O 1 Uranium-23 5 5.00E-02 7.19E-08 D 
2.00E-03 7.22E-09 W 1.97E-06 

Y 3.32E-05 

Uranium-238 5.00E-02 6.88E-08 D 6.62B-07 6.46E-02 
2.00E-03 6.42E-09 W 1.90E-06 

Y 3.20E-05 

"'Fractional uptake from small intestine to blood. 
"'Lung clearance class: D = days; W = weeks; Y = years 
(3) In uni ts  of milliredyr per microcurie/square meters. 



TABLE H9-2 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE FOR AOC NO. 1 

Reasonable 

ReceptorDCxposure Pathway (m rem/ year) (mredyear) 

Current Worker 

Average Exposure Maximum Exposure 

-Ingestion of Surface Soil 5.OE-02 3.2E-01 

-External Irradiation from Surface Soil 1.7E-0 1 3.1E-01 
-Inhalation of Particulates 8.2E-01 1.OEi-00 

Total 1 OE+OO 1.7Ei-00 

Future IndustrialIOfice Worker 
-Ingestion of Surface Soil 
-Inhalation of Particulates 

1.5E-01 1.9E+00 
3.6E+00 6.1E+00 

-External Xrradiation from Surface Soil 1 .OE+OO 1.8E+00 
Total 4.8E+00 9.8E+00 

Future Ecological Worker 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Surface WaterISediment 
-External Irradiation from Surface Soil 

2.9E-0 1 
1.4E+00 

4.8E-01 
2.6E-05 

1 :OEM0 
2.7E+00 
2.2E-04 
6.OE-01 

Total 

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

Total 

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

Total 

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 WaterISediment 
-External Irradiation from Surface Soil 

Total 

2.2 E+OO 

1.4E-02 
4.6E-02 
2.3E-05 
2.5E-02 
8.5E-02 

3.7E-03 
9.9E-01 
4.9E-03 
1 .OE+OO 

1.5E+OO 
8.1E+00 
8.OE-02 
3.2E-01 
l.lE-02 
1.9E-05 
2.7E+00 
1.3EN1 

4.3E4-00 

2.2E-0 1 
6.4E-01 
2.8E-04 
1.5E-01 
1 .OE+OO 

2.1E-02 
1.2E+00 

1.3E+00 
5.6E-03 

6.3E+00 
2.6E+01 

1.2E+00 
5.7E-0 1 

8.2E-02 
3.4E-04 
8.6E+00 
4.2E+01 

Notes 

Dose calculations are detailed In Attachment 1-14 
AOC = Area of Concern 
nirem = millirem 



TABLE H9-3 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE 

FOR MAXIMUM EXPOSURE AREAS 

Keasonable 

Receptor/Exposure Pathway (mredyear)  ( m r e d y  ear) 
Average Exposure Maximum Exposure 

Hypothetical Resident (1 0 Acres) 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Groundwater 
-Ingestion of Garden Produce (Root Uptake) 
-Ingestion of Garden Produce (Deposition) 
-Ingestion of Surface WatedSediment 
-External Irradiation from Surface Soil 

Total 

3.3E+00 1.4E+O 1 
3.5E+00 1 . 1E+O 1 
2.6E+00 1.9E+O 1 
9.1E-01 3.3E+00 
1.8E-02 1.3E-0 1 
1.9E-05 3.4E-04 

6.3 E+OO 2.OE+O1 
1.7E+O 1 6.7E+O1 

Future IndustriaYOffice Worker (30 Acres) 
-Ingestion of Surface Soil 3.4E-0 1 4.3E+00 
-Inhalation of Particulates 6.9E+00 1.2E+O 1 
-External Irradiation from Surface Soil 2.3 E+OO 4.3E+00 

Total 9.6E+00 2.OE+O1 

Future Ecological Worker (50 Acres) 
-Ingestion of Surface Soil 5.4E-0 1 1.9E+00 
-Inhalation of Particulates 2,OE+OO 3.7E+00 

-External Irradiation from Surface Soil 8.9E-01 l.lE+OO 
Total 3.4E-tO0 6.8E+00 

-Ingestion of Surface WatedSediment 2.6E-05 2.2E-04 

Notes: 

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 

Keasonable 
Average Exposure Maximum Exposure 

ReceptodExposure Pathway (m redyear)  (mredyear) 

Current Industrial Worker 
1.9E-03 1.2E-02 

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

Total 2.1E-02 4.OE-02 

-Ingestion of Surface Soil 

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

Total 1 .OE-0 1 2.4E-01 

Future Ecological Worker 
l.lE-02 4.OE-02 
2.2E-02 4.1E-02 

-Ingestion of Surface WaterISediment 2.6E-05 2.2E-04 
-External Irraclation from Surface Soil 1.9E-02 2.4E-02 

Total 5.2E-02 1.1E-0 1 

-Ingestion of Surface Soil 
-Inhalation of Particulates 

Future Open Space Use 
-Ingestion of Surface Soil 5.6E-04 8.7E-03 
-Inhalation of Particulates 7.OE-04 9.9E-03 
-Ingestion of Surface WaterISediment 2.3E-05 2.8E-04 
-External Irradiation from Surface Soil 9.7E-04 6.1E-03 

Total 2.3 E-03 2.5E-02 

Future Construction Worker 
-Ingestion of Subsurface Soil 8.4E-03 4.7E-02 
-Inhalation of Particulates 1.5E-02 1.9E-02 
-External Irradiation from Surface Soil 7.6E-03 . 9.2E-03 

Total 3.1E-02 7.5E-02 

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 WaterISediment 
-External Irradiation from Surface Soil 

5.7E-02 
1.3E-0 1 
8.5 E-02 
1.5E-02 
4.8E-04 
1.9E-05 
l.lE-01 

Total 3.9E-01 

2.4E-01 
3.9E-0 1 
6.OE-01 
5.5E-02 
3.4E-03 
3.4E-04 
3.4E-01 
1.6Ei-00 

Notes: 

Dose calculations are detailed in Attachment f14 
AOC = Area of Concern 
mrem = rnillirem 



SUMMARl 
TABLE H9-5 

OF ESTIMATED ANNUAL RADIATION DOSE FOR OFFSITE RESIDENTS 

Reasonable 

ReceptorlExposure Pathway (mredyear) (mredyear) 
Average Exposure Maximum Exposure 

AOC No. 1 
Current Resident, Southeast 

-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Garden Produce (Deposition) 

Total 

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

Total 

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

Total 

Future Resident, Woman Cr./Indiana 
-Ingestion of Surface Soil 
-Inhalation of Particulates 
-Ingestion of Surface WatedSediment 
-Ingestion of Soil Deposited on Vegetables 
-Ingestion of Soil Deposited on Fruit 
-Ingestion of Garden Produce (Deposition) 

Total 

0 '  0 
1.3E-03 4.OE-03 

0 0 
1.3E-03 4.OE-03 

0 
0 
0 

0 
0 
0 

0 0 

0 0 
0 0 

9.7E-07 1.8E-05 
0 0 

9.7E-07 1.8E-05 

0 0 
7.6E-04 2.4E-03 
1.8E-05 3.2E-04 

0 0 
0 0 
0 0 

7.8E-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 
mrem = millirem 
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TABLE H9-5 
SUMMARY OF ESTIMATED ANNUAL RADIATION DOSE FOR OFFSITE RESIDENTS 

Reasonable 

ReceptorlExposure Pathway (mredyear) (mremly ear) 
AOC No. 2 

Average Exposure Maximum Exposure 

Current Resident, Southeast 
-Ingestion of Surface Soil 2 9E-08 12E-07 
-Inhalation of Particulates 5 5E-05 1 8E-04 
-Ingestion of Garden Produce (Deposition) 6 3E-07 4.5 E-06 

Total 5 6E-05 18E-04 

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

Total 

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

Total 

Future Resident, Woman Cr ./Indiana 
-Ingestion of Surface Soil 

, -Inhalation of Particulates 
-Ingestion of Surface WatedSediment 
-Ingestion of Garden Produce (Deposition) 

Total 

0 0 
8.4E-07 2.6E-06 

0 0 
8.4E-07 2.6E-06 

0 0 
2.5E-06 7.9E-06 
9.7E-07 1.8E-05 

0 0 
3.5E-06 2.6E-05 

2.9E-08 1.2E-07 
3.1  E-05 9.8E-05 
1.8E-05 3.2E-04 
6.3E-07 4.5E-06 
4.9E-05 4.2E-04 

Notes: 

Dose calculations are detailed in Attachment H4. 
AOC = Area of Concern 
mrem = millirem 
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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 
values, and the methods used to characterize risk. Uncertainties in the risk assessment 
process could result in an overestimation or underestimation of risk. However, it is standard 
in risk assessment to adopt conservative approaches when uncertainty about a particular 
assumption exists, so as not to underestimate potential risk. Therefore, the risk assessment 
process is skewed toward overestimating rather than underestimating risk. 

In the current assessment, there are uncertainties that could result in an overestimation or 

underestimation of risk. Sources of uncertainty that may contribute to an underestimation of 
risk include COCs for which risk could not be assessed because their toxicity is unknown and 
the use of unadjusted oral toxicity factors to estimate risk from dermal exposure (Section 
H10.1.4). However, in most cases of uncertainty, conservative assumptions were used so as 
not to underestimate risk. In doing this, it is likely that overall risk was overestimated. 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 wi th  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. 



H1O.l CHIEF UNCERTAINTIES 

Uncertainties in the health risk assessment for OU-2 at WETS lie in the identification of 
COCs, in the estimation of exposure point concentrations, and in the assumptions regarding 
human exposure scenarios at WETS. Each of these is discussed below. 

H1O.l.l Identification of COCs 

The screening process used to select a subset of chemicals to evaluate in the risk assessment 
is intended to include all compounds whose concentrations are high enough that there may 
be concern for potential health hazards. The screening process included a background 



comparison for inorganic analytes, a frequency test (analytes detected at less than 5 percent 
frequency were excluded as OU-wide contaminants because exposure potential is minimal), 
and concentration-toxicity screens that evaluate relative contribution to overall risk based on 
maximum detected concentrations. Concentrationhoxicity screens have the potential for 

eliminating chemicals that could contribute significantly to overall risk if the relative 
magnitude of maximum concentrations differs from the relative magnitude of exposure 
concentrations (95% UCLs of the mean). However, the results of the risk assessment 

demonstrate that the selection process was sufficiently conservative so that potentially 
significant sources of health risk were not overlooked. 

COCs in soil and groundwater were those identified in concentration/toxicity screens as 

contributing at least 1 percent of an overall "risk factor," based on maximum detected 
concentrations. Of the chemicals retained as COCs on the basis of the screen, only two or 
three COCs were found to contribute the majority of total estimated risk, and other COCs 
evaluated in the quantitative risk assessment contributed relatively insignificantly to total risk. 
Chemicals excluded by the screens would be expected to contribute even less to total risk. 
This is borne out by several examples, discussed below. 

In surface soil in AOC No. 1, for example, Pu-23-9/240 contributed 97 percent and Am-241 
contributed 3 percent of the estimated total RME cancer risk from exposure (ingestion and 
inhalation pathways) under the hypothetical residential scenario. Other COCs in surface soil 
(Aroclors, chromium, and BEHP) each contributed less than 0.6 percent of total risk from 
these two exposure routes. Compounds excluded by the screens were several uranium 
isotopes, radium-226, and strontium-89/90 (Table H3-6). Of these, U-23 8 had the highest 
combination of maximum concentration and toxicity. Even at the maximum concentration 
of 7.7 pCi/g, U-238 would result in a combined ingestion plus inhalation Rh4E cancer risk 
of only 7E-07 (calculation not shown), compared to the total cancer risk from ingestion and 
inhalation of 3E-04 (Table H9-1). This shows that compounds excluded by the screen would 
have contributed insignificantly to the total estimated risk from exposure to surface soil. 

Similarly, in groundwater in AOC No. 1, carbon tetrachloride contributed 86 percent, 
tetrachloroethene contributed 1 1 percent, and trichloroethene contributed 2 percent of the 
RME cancer risk of 6E-03 from ingestion of nonradionuclide carcinogens. (See chemical- 
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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 0.0001 8 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 mg/L), which contribute 99 percent of the 
noncarcinogenic HI for groundwater ingestion, the exclusion of 1,1,1 -TCA from the 
quantitative risk assessment will not result in an underestimate of risk. 

H10.1.5 Toxicity Assessment - Dermal Toxicity Factors 

EPA recommends using oral toxicity factors, adjusted, if possible by gastrointestinal 

absorption fraction, to evaluate toxic effects from dermal absorption of chemicals from 
contaminated media (EPA 1989a, 1992~).  Unadjusted oral toxicity factors were used in the 
current assessment to estimate effects from dermal absorption of organic chemicals, an 
approach that may underestimate risk. Cancer risk from dermal exposure for the office 
worker in the 30-acre maximum exposure are in AOC No. 1 was 4E-06 and risks for other 

receptors were lower. Because these risk estimates for dermal exposure were within or below 
EPA's target risk range of 1E-06 to 1E-04 and represented only a small percentage of overall 

risk, it is unlikely that the use of adjusted oral toxicity factors to assess dermal exposure 
would have a significant impact on estimates of overall risk. 

H10-9 



H10.2 EVALUATION OF RISK ASSOCIATED WITH SPECIALCASE COCs 

Special-case COCs are (1) compounds that were infrequently detected (< 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). In 
addition, parties to the IAG agreed to evaluate hazardhisk for four metals (antimony, arsenic, 
beryllium, manganese) in groundwater that are probably not environmental contaminants, but 
may pose a health risk under long-term exposure to maximum detected concentrations 
(CDPHE 1994; EPA 1994b, DOE 1994d). Hazardhisk results for special-case COCs are 
summarized in Table H10-1 and detailed in Attachment H3. 

H10.2.1 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, metals 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. 

Noncarcinogenic Hazard Index: The total Ms 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 Rh4E 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., IHSSs in AOC 
No. 1) than they are distant from source areas (e.g., in AOC No. 2). 

As stated above, the magnitude of the HIS are driven by manganese. However, the Hls 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 mgkg-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 Mnkg-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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Vinyl chloride was detected in only five wells in AOC No. 1 in OU-2 in the following 
concentrations. 

Vinyl Chloride in OU-2 Wells 

Detected Concentrations Detection 

Well No. ( m e )  Frequency Well Location 

1391 0.00 1 1 I3 West edge of Mound Area 

3586 0.320 - 0.860 717 North edge of Mound Area upgradient 

of B-series ponds 

789 1 0.000 1 1 I4 Northeast Trenches 

669 1 0.034 113 903 Pad 
7391 0.002 - 0.003 214 Southeast edge of 903 Lip 

Because of the low detection frequency for vinyl chloride, it is not practical to calculate an 
area-wide exposure concentration. However, a range of cancer risk estimates was calculated 
using the range of detected concentrations and assuming long-term residential groundwater 
ingestion. The estimates were calculated using the intake factor for residential ingestion of 
carcinogens in groundwater (1.17 Lkg-day), the oral slope factor for vinyl chloride of 1.9 
(mgkg-day)-', and the minimum detected concent-ration (0.0001 mg/L in well 7891) and the 
arithmetic mean concentration from well 3586 (0.504 mg/L): 

Estimated Cancer Risks from Direct Ingestion of Vinyl Chloride in Groundwater 

Concentration RhE Intake Factor Slope Factor 
Well (mg5) (Lb-day)  (mg/kg-day ) - I  Cancer Risk 

789 1 0 0001 I 17E-02 1.9 2E-06 

3586 0.504 (average) I .  17E-02 1.9 1E-02 

The cancer risk level for hypothetical residential ingestion of vinyl chloride in groundwater 
from the most contaminated well exceeds EPA's target risk range of 1E-06 to 1E-04 (EPA 
1989a). 

Vinyl chloride is one of several chlorinated solvents and related compounds detected in 

groundwater in AOC No. 1. The COCs carbon tetrachloride, chloroform, 1 , I  -DCE, methylene 
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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), PAHs 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 
structurally similar compounds formed from burning coal, wood, tobacco, and petroleum 
based fuels. Different PAHs have the potential to produce similar toxic effects, although 
potency may vary widely. PAHs may be noncarcinogenic (anthracene), weakly carcinogenic 
(benz( [klfluoranthene), or strongly carcinogenic (benzo[a]pyrene). Adverse noncancer effects 
observed in test animals include inhibition of growth, and toxicity to the liver, kidney, and 
blood and immune systems. Noncancer effects are observed at exposure levels several orders 
of magnitude higher than those associated with unacceptable cancer risk. Hazardrisk 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 €€Is 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 €€Is 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 ingestion 
of the carcinogenic PAHs benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene,and indeno( 1,2,3-~d)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 Rh4E 

exposure conditions. Estimated risk under the industrial/office worker scenario would be 
approximately 5 times less (i.e., about6 E-07) and would not contribute significantly to 
overall risk from exposure to surface soils for this receptor. 



H1l.O 
SUMMARY AND CONCLUSIONS 

This section briefly summarizes the results of the HHRA for OU-2 and suggests conclusions 
that may be drawn from the assessment. 

H1l . l  SUMMARY 

The HHRA for WETS 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 COCs 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, future open space use, a construction worker, 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 watedsediment, and groundwater (residential only). 

Risks were estimated for two AOCs in OU-2. AOC No. 1 contains all of the IHSSs 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 1 0-acre area at the 903 Pad Area (hypothetical 
resident), a 30-acre area including the 903 Pad Area (industrial/offce worker scenario), and 
a 50-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. 
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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. 

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 PM,,, and indoor VOCs from 
soil gas. Cumulative HIS were below 1,  indicating no threat of adverse 
noncarcinogenic effects. RME (8E-05) and CT (3E-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 
receptors ranged from 3E-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. 

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 ExDosure 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. 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. 

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. The CT cancer risk estimate for this receptor is within EPA's target 
risk range of 1E-06 to 1E-04, whereas the RME cancer risk estimate (2E-04) 
exceeds this range. RME cancer risk estimates for this receptor are likely to 
significantly overestimate actual risk because overly conservative assumptions 
resulted in overestimation of intake values for ingestion and inhalation of soil. 
Ingestion of Pu-239/240 in surface soil was the greatest contributor to overall 
risk (see Attachment 3). However, the concentration term for Pu-239/240 in 
surface soil in the 30-acre maximum exposure area was biased by an extreme 
value in one sample and other samples in the data set had significantly lower 
concentrations. 



e Cumulative HIS were below 1 and cancer risk estimates were within EPA's 
target risk range of 1E-06 to 1E-04 for the future ecological worker in the 50- 

acre maximum exposure area. 

AOC No. 2: Cumulative HIS were below 1 and cancer risk estimates were equal to or below 
1E-06 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 

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 exceeds EPA's target cancer risk range 
of 1E-06 to 1E-04. This estimate of Rh4E 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 exposure). 

Rh4E 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. 

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. 

H1 1-4 



TABLE H l l - l *  
SUMMARY OF ESTIMATED HEALTH RISKS 

Reasonable 
Maximum Exposure (RME) Average Exposure (CT) 

Carcinogenic Hazard Carcinogenic 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 

7E-07 2E-03 1E-05 1E-02 
3E-06 6E-03 8E-05 4E-02 
1E-06 5E-03 4E-06 2E-02 
2E-07 5E-04 1E-05 1 E-02 
2E-07 4E-03 3E-07 2E-02 
4E-04 2E+O 1 8E-03 1 E+02 

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

AOC No. 2** 
Current Worker 
Future Industrial/Offcer Worker 
Future Ecological Worker 
Future Open Space Use 
Future Construction Worker 
Hypothetical Resident 

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

Offsite Receptors*** 
Current Resident, Southeast 1E-09 0 2E-08 0 
Current Resident. Indlana South 9E- 13 0 9E- 12 0 
Future Resident, Walnut Cr./Indiana 8E-09 9E-05 2E-07 6E-04 
Future Resident, Woman C r h d i a n a  2E-09 3E-05 6E-08 2E-04 

Note: 
* 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 



TABLE 10-A 
OPEN-SPACE EXPOSURE PARAMETERS 

INCIDENTAL INGESTION 

(1) Assumes standard default residential rates as specified for open-space recreational users at DOE's Fernald Site 
and Hanford Site (RME=200 mglday for chddren and 100 mg/day for adults) and at Denver's Lowry Landfill 
Superfund Site (CT=IOO mglday 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; 5.0110 = 0.5). Using the default daily ingestion rates, soil ingestion per visit for ctuldren is 
calculated as RME=O.5 x 200=100 mg/visit; CT= 0.15 x 100= 15 mg/visit. For adults the ingestion rates are 
RME=5.0 and CT=8. Actual open-space recreational intakes would vary, depending on the activity, possibly with 
dirt 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 days/ 
yr, CT, 25 days/yr, RME), DOE's Hanford Site recreational user (7 days/yr, CT), and Department of Interior's (DOI) 
National Survey of Fishing, Hunting, and Nonconsumptlve Wildlife Recreation of 1985 for Colorado (9 4 
dais/) r for nonconsuniptive use, CT, 15  4 days/yr for fishing and hunting. CT) 

DUST, SURFACE SOIL, OR SEDIMENT 

Typical 
Exposure 

(CT) 

High-End 
Exposure 
(RME) 

Ingestion Rate - Child (mglvisit) 

Ingestion Rate - Adult (mglvisit) 

Matrix Effect in GI Tract (Absorption Factor) cs cs 

Exposure Frequency (visitdyr) 10 (2) 25 (2) 

Exposure Duration - Child (yr) 2 6 

Exposure Duration - Adult (yr) 

Body Weight - Chld  (kg) 

Body Weight - Adult (kg) 

- 
7 

15 

70 

24 

15 

70 

Averaging Time - Child, Non-carcinogen (days) 730 2,190 

Averaging Time - Adult, Non-carcinogen (days) 2,555 8,760 

Averaging Time - Carcinogen (days) 25,550 25,550 
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TABLE 10-B 
OPEN-SPACE EXPOSURE PARAMETERS 

PARTICULATE INHALATION 
~ 

DUST, SURFACE SOIL, OR DRY SEDIMENT 

Typical High-End 
Exposure Exposure 
(cr) W) 

Inhalation Rate (m3/hr) 0.83 (1) 1.4 (1) 

Respirable Fraction (PMlo) 0.36 0.46 

Respiratory Deposition Factor 0.85 0.85 

Exposure Time (hrhrisit) 1.5 (2) 5.0 (2) 

Exposure Frequency (visits&) 10 (3) 25 (3) 

Exposure Duration (yr) 9 30 

Body Weight (kg) 

Averaging Time - Noncarcinogen (days) 

70 

3,285 

70 

10.950 

Averaging Time - Carcinogen (days) 25,550 25,550 

(1) Inhalation Rate based upon DOE's Fernald Site and W o r d  Site recreational users (0.83 m 3 h ,  CT) and on 
EPA's Exposure Factors Handbook (1.4 m 3 h ,  RME), which assumes 7% heavy activity, 37% moderate 
activity, 28% light activity, and 28% resting for an adult. 

(2) Exposure Time based upon Boulder County's Park and Open Space Visitor Interviews of 1992 (est. 1.6 hr/ 
day, CT; 5.0 hrlday, W), DODs Rocky Mountain Arsenal Site recreational user (1.6 hdday, CT; 5.0 hr/ 
day, RME), and City of Boulder's Open Space Visitation Study of 1993 (1 .O hr/day, CT; 2.0 hdday, EWE). 

(3) Exposure frequency based on Boulder County's Park and Open Space Visitor Interviews of 1985 (estimated 
7 daydyear, CT; 25 daydyear. RME?), DOE's Hanford Site recreational user (7 daydyear, CT), and DOI's 
National Survey of Fishing, Hunting, and Nonconsumptive Wildlife Recreation of 1985 for Colorado (9.4 
daydyear for nonconsumptive use, CT; 15.4 daydyear for fishmg and hunting, CT). 
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TABLE 10-E 
OPEN-SPACE EXPOSURE PARAMETERS 

DERMAL CONTACT WHILE WADING 

SHALLOW SURFACE WATER 

Typical 
Exposure 

(CT) 

mgh-End 
Exposure 
CRME) 

Exposed Skin Surface (cm2) 4,550 (1) 9,275 (1) 

Dermal Permeability (cm/hr) cs cs 

Exposure Time (hrhisit) 0.5 (2) l (2 )  

Exposure Frequency (visits/yr) 5 (3) 15 (3) 

Exposure Duration (yr) 

Body Weight (kg) 

9 

70 

30 

70 

- Averagng Time - Noncarcinogen (days) 3,285 10,950 

Averagng Time - Carcinogen (days) 25,550 25,550 
I 

( 1 )  Typical exposed adult s h n  surface while wading and reactung undenvater (4,550 cm2) assumes the lower 
legs, feet, and hands are exposed; high-end exposed surface (9,275 cm2) assumes the bghs ,  lower legs, 
feet, forearms, and hands are exposed (EPA's Exposure Factors Handbook). 

(2) See Table D, Note 2. 

(3) See Table D, Note 3. 
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TABLE 10-F 
OPEN-SPACE EXPOSURE PARAMETERS 

~- 

EXTERNAL IRRADIATION 

Typical High-End 
Expo= Exposure 
(CT) (RME) 

Gamma Exposure Time Factor (TJ 0.1 (1) 0.2 (1) 

Gamma Shielding Factor (1-SJ 0.8 1 

Exposure Duration Q 9 30 

(1) Assumes the high-end fraction of time exposed (1.5 out of 24 hours, CT; 5.0 out of 24 hours, RME) 
(1.5/24 = 0.1; 5.0124 =0.2) (seeTableB, Note2) 

(2) See Table 10-A, Note 2. 

(4040-1530 0098-862XRTIU1.101- Si.lK10’6’95 I 2 4  Pt.(xG) Sheet 1 of 1 



SUMMARY OF RISKS 
CURRENT ONSITE WORKER 

AREA OF CONCERN NO. 1 

Cmtral Tendency Rutonable Maximum 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of surface soil 1.7SE-04 2.62E-07 1.11E-03 
Inhalation of particulates fiom surface soil 3.94E-07 3.12E-06 

1.04E-OS 

Dermal contact with surface soil' 1.43M13 1.26E-08 9.04E-03 4.97Eo7 
External Radiation 9.78E-09 l.llE-07 
Total 1.60E-03 6.78E-07 1 .02E-02 1.41E-05 

Dermal contact with metals (except mercury) and radionuclides is considered insigruficanl. 

(COWAOC1 XLS SUMMARYj(lW17f954 34 PM) Sheet 1 of 1 
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SUMMARY OF RISKS 

AREA OF CONCERN NO. 1 
FUTURE INDUSTWOFFICE WORKER 

Central Tendency Reasonable Maximum 
Palhway HazardIndex C ~ w R k k  HurrdIndex CMCX Risk 

Ingestion of surfice soil 5.1SE64 7.70E-07 6.53E-03 6.10E-05 

Dermal contact with surface soil* 5.18E-03 4.56E-08 3.29E-02 1.81E-06 
Inhalation of particulates from surface soil 1.76E-06 1.84E-05 

Inhalation of lndoor VOCs 3.86E-12 1.61E-08 6.45E-12 1.68E-07 
External Radiation 5.75M8 6.52E-07 
Total 5.70E-03 2.65E-06 3.94E-02 8.20E-05 

Dermal contact with metals (except mercury) and radionuclides is considered insignificant 
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SUMMARY OF RISK 
FUTURE ONSITE ECOLOGICAL RESEARCHER 

AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pabaa) Hazard Index CanccrRisk HazardIndcx Cancer Risk 

Ingation of surface soil 1.0 1E-03 9.42847 3.59E-03 3.36E-06 
Inhalation of particulates &om surface soil 4.30E-07 8.05E-07 
Dermal contact with surface soil' 3.43E-03 1.89848 1.9 1 E42 1.0SE-07 
Ingestion ofsurface water - Walnut Creek 2.13E-06 1.82MS 1.59E-10 1.86E-11 
Ingation of surface water - Woman Creek 1.12E-06 1.03E-10 9.59E-06 8.8SE-10 
Dennal contact with surface water - Walnut Creek 1.17E-04 2.97E-09 2.00E-04 s.09E-09 
Demral contact with surface watcr - Woman Creek 3.89E-03 S.OOE-10 6.66E-0S 8.58E-10 

1.73E-08 2.16E-08 Extuna1 Radiation 
Total 4.60E-03 1.41E-06 2.30E-02 4.30E-06 

Dermal contact with metals (except mercury) and radionuclides is considered insignificant 
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SUMMARY OF RISK 
FUTURE ONSITE CONSTRUCTION WORKER 

AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pathway Hazard Index Cancer k s k  Hazard Index Cancer Risk 

Ingestion of subsurface soil 
Inhalation of particulates kotn subsurface soil 
Dermal contact with subsurface soil* 

3.11E-03 2.46E-08 1.74E-02 1.38E-07 
1.20E-10 1.19E-07 1.49E-10 1.49E-07 
7.47E-04 5.55E-09 4.15E-03 3.08E-08 

External Radiation 1.24E-09 1.55E-09 
Total 3.85843 1.51E-07 2.16E-02 3.19E-07 

*Dmnal absorption of metals and dionucl ida is considered insignificant 
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SUMMARY OF RISK 
OPEN SPACE USER 

AREA OF CONCERN NO. 1 

central Tendency Rusoruble Maximum 
Pathway HaurdIndex CrncerRisk Hamrdlndcx Cancer Risk 

Ingestion of surface soil by M adult 
Ingation of surface soil by a child 
c.rcinogenic effects of soil ingestion 
Inhalation of particulates fiom surface soil 
Dermal contact with surface soil. 
Ingeslion of surface watcr - Walnut Creek 
Ingestion of surface water - Woman Creek 
Dermal contact with surface water - Walnut Creek 
Dermal contact with surface water - Woman Creek 
Extrmal Radiation 
Total 

4.18E-05 
3.668-04 

3.76E-05 
1.90E-06 
1.00E-06 
2.05E-05 
6.83E-06 

4.75E-04 

1.69E-07 
4.96E-08 
7.44E-10 
5.96E-11 
3.3 2E- 10 
1.87E-09 
3.16E-10 
3.22E-09 
2.25E-07 

Dermal contact with metals (except mercury) and radionuclides is considered hiigtu.fknt. 

6.53E-04 
6.10E-03 

4.15E-03 
2.28-5 
1.20E-05 
2.51E-04 
8.3SEo5 

1.13E-02 

8.85E-06 
2.32E-06 
2.74E-07 
2.39B-09 
1.33E-08 
7.64E-08 
1.29E-08 
6.52E-08 
1.16E-05 
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SUMMARY OF RISK 
HYPOTHETICAL ONSITE RESIDENT 

AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pathwa? Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of surface soil by M adult 
Ingestion of surface roil by a child 

3.91E-03 1.83E-02 
4.68M2 1.71E-01 

Carcinogenic eff- of soil ingestion 1.79E-05 2.48E-04 
Inhalation of particulates h m  surface soil 
Dmnal contact with surface soil* 
Ingestion of vegetables with soil deposition 
Ingestion of fruit with roil deposition 
Ingestion of leaf?. vegetables with root uptake 
Ingestion of other produce with root uptake 
Ingestion of groundwater 
Ingestion of surface water - Walnut Creek 
lngestion of surface water - Woman Creek 
D m a l  contaa w i t h  surface water - Walnut Creek 
Dmnal contact with surface wakr - Woman Creek 
Inhalation of YOCs from infiltration 
Inhalation of \-OCs fiom groundw+ter use 

8.818-06 9.268-05 
3.75E-03 7.42848 1.16E-01 7.66E-06 

1.47E-06 1.75E-05 S.90E-08 1.31E-04 
2.29MS 7.71E-08 1.60E-04 1.80E-06 

4.81E-06 1.16M3 3.87E-07 4.32E-03 
7.80E-06 1.4SE-02 6.69E-07 S.OBEo2 

1.96EM 1 2.62E-04 1.40EM2 6.22843 
1 .S2E-06 4.778-1 1 2.77E-05 2.89E-09 
8.01E-07 2.66E-10 1.46E-05 1.6 1 E-08 
8.36E-05 7.64E-09 5.95E-04 1.8 1 E-07 
2.78E-05 1.29E-09 1.98E-04 3.06Eo8 
8.60E-12 8.07E-08 2.06E-11 6.448-07 
8.50E-05 1.47E-04 2.03E-04 1.17E-03 

Esternal Radiation 3.45E-07 3.68E-06 
Total 1.97EIO 1 4.37E-04 1.40EM2 7.758-03 

Dermal contact with metals (except mercury) and radionuclides is considered insignificant 
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SUMMARY OF RISK 
HYPOTHETICAL ONSITE RESIDENT 

10-ACRE MAXIMUM EXPOSURE AREA 
IN AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pathway Hazard lndex Cancer Risk Hazard Index Cancer Risk 

Ingestion of surface soil by M adult 
Ingestion of surface soil by a child 
Carcinogenic effects of soil ingestion 
Inhalation of particulates 6om surface soil 
Dermal contact with surface soil' 
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 
I n g d o n  of surface water - Walnut Creek 
Ingestion of surface water - Woman C m k  
Damal contad with surface water - Walnut Creek 
Dermal contact with surface watcr - Woman Creek 
Inhalation of VOCs from infiltration 
Inhalation of VOCs from groundwater usc 

1.24E-05 
1.48E-04 

5.98E-07 
3.858-08 
5.03E-08 
5.06E-05 
6.26E-04 
2.26ENl 
1.52E-06 
8.01E-07 
8.36E-05 
2.78E-05 
1.16E-09 
2.09E-02 

1.03E-05 
3.49E-06 
2.15E-11 
2.39E-08 
3.12E-08 
4.65E-07 
4.86845 
4.25E-04 
4.77E-11 
2.66E-10 
7.64E-09 
1.29E-09 
1.34E-10 
5.69844 

5.78E-05 
5.40 E-04 

1.85E-05 
2.88E-07 
3.52E-07 
1.89644 
2.19E-03 
1.61EN2 
2.77E-05 
1.46E-05 
5.95E-04 
1.98E-04 
2.788-09 
4.99E-02 

1.43E-04 
3.67845 
2.22E-09 
5.95E-07 
7.28E-07 
5.79E-06 
4.32E-06 
l.OlE-02 
2.898-09 
1.6 1 E-08 
1.8 1E-07 
3.06E-08 
1.07E-09 
4.54E-03 

External Radiation 9.45E-07 1 .O 1 E45 
1.48842 Total 2.26E+OI 1.06E-03 1.61E+02 

Dermal iontad with metals (except mercury) and radionuclides is considered insignificant. 
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SUMMARY OF RISKS 
FUTURE INDUSTRIAUOFFICE WORKER 

IN AREA OF CONCERN NO. 1 
30-ACRE MAXIMUM EXPOSURE AREA 

Central Tendency Rearonable Maximum 

Pathtvay Hazard Index CancaRisk HaurdIndcx Cancer Risk 

Ingestion of surface soil 1.02E-03 1.73E-06 1.30E-02 1.37E-04 
Inhalation of particulates horn surface soil 3.35E-06 3.5OE-05 
Dermal contact with surface soil* 1.03E-02 9.05E-08 6.52E-02 3.59E-06 

External Radiation 1.35E-07 1.53E-06 
Total 1.13E-02 5.31E-06 7.82E-02 1.77E-04 

Inhalation of Indoor VOCs 1.09E-09 5.67Ell  1.83E-09 5.92E-10 

Dmnal contact with metals (except mercury) md dionuclida is considered insignificant. 
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SUMMARY OF RISK 
FUTURE ONSITE ECOLOGICAL RESEARCHER 

50-ACRE MAXIMUM EXPOSURE AREA 
IN AREA OF CONCERN NO. 1 

Central Tendency Reasonable Maximum 
Pathway H u d I n d e x  Canccrksk HPurdIndex Cancer f isk 

Ingestion of surface soil 1.70E-03 1.46E-06 6.0SE-03 S.20E-06 
Inhalation ofputiculah 6 0 m  surface soil 
Danul contact with surface soil' 
Ingestion of surface water - Walnut Creek 

S.9SE-07 1.11E-06 
s.79Eo3 3.19E-08 3.22642 1.778-07 
2.13E-06 1.86E-11 1.82E-OS 1.S9E-10 

1.03E-10 9.S9E-06 8.8SE-10 Ingestion of surface water - Woman Creek 

Demul contact with surface water - Walnut Creek 1.17E-04 2.97E-09 2.00E-04 S.09E-09 
Damrl contact with S U ~ ~ W X  wata i WOM Cnek 3.89EoS S.OOE-10 6.66E-05 8.S8E-10 
External Radiation 3.36E-08 4.21E-08 
Total 7.64Eo3 2.12E-06 3.8SE-02 6.SSE-06 

1.12E-06 

Dermal contad with metals (except mercury) and radionuclides is mnsidered insignificant. 
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SUMMARY OF RISKS 
CURRENT ONSITE WORKER 

AREA OF CONCERN NO. 2 

Reasonable Maximum Central Tendency 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion ofsurface soil 
Inhalation ofparticulates fiom surface soil 
Dermal contact with surface soil. 

2.44E-07 3 66E-09 1.55EA6 1.45E-07 
5.78E-09 4.58E-08 

4.90E-08 7.85E- 13 3.1 1E-07 3.llE-I1 
Extcmal Radiation 4.628-30 5.23E-09 
Total 2.93E-07 9.90E-09 1.86E-06 1.96E-07 

Dermal contact with metals (except mercur?.) and radionuclides is considered insigruficant. 

(COWAOC2 XLS SUMMARY)(lO/l7/955 24 PM) Sheet 1 of 1 
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SUMMARY OF RISKS 
FUTURE INDUSTRLAUOFFICE WORKER 

AREA OF CONCERN NO. 2 

Central Tendency Reasonable .\.laximum 
Pathway H d l n d e x  CancerRisk H d I n d e x  cancer Risk 

8.53E-07 Ingestion of surface soil 7.17E-07 1.08Eo8 
2.70E-07 Inhalation of particulates &om surface soil 2.58B-08 

Lknnal contact with surface soil* 1.78E-07 2.85B-12 1.13E-06 1.13510 
Inholvion of indoor VOCs 8.51512 1.13E-14 1.42E-11 1.18513 

9.10E-06 

Extcmal Radiation 2.728-09 3.08E-08 
Total 8.968-07 3.93E-08 1.02E-05 l.lSE-06 

Dcrmal contad with metals (except mcrcury) and dionucli& is comidacd insignificant 
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SUMMARY OF RISK 
FUTURE ONSITE ECOLOGICAL RESEARCHER 

AREA OF CONCERN NO. 2 

central Tendency Reasonable Murimurn 
Pathway Haurdlndex CanczrRkk HPurdIndex Cancer Risk 

Ingestion of surface soil 1.40E-06 S.OOE-06 4.70E-08 1.32E-08 
Mulation of puiiculates fiom surface roil 6.31E-09 1.18E-08 
Damrl con- with surface soil. 1.18E-07 1.1 8E-12 6.S6E-07 6.58E-12 
Ingestion of ~ r f ~  Wller - Walnut Cmk 2.13E-06 1.86E-11 1.82E-05 1.59E-10 
IngesCiOn of atface wlter - W O ~  Cmk 1.12E-06 1.03E-10 9.593.06 8.85E-10 
Danul WW 4th surface w e -  Walnut Cmk 1.17E-04 2.97E-09 2.00E-04 5.09E-09 
Duma1 contad with surface water - Woman Creek 
Extanal Miation 8.15E-10 1.02E-09 
Total 1.60E-04 2.39E-08 3.00E-04 6.69E-08 

6.66E-05 8.S8E-10 3.89E-05 5.OOE-10 

Dermal w n M  with metals (except mercury) and radionuclides is considered insignificant. 
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SUMMARY OF RISK 
FUTURE ONSITE CONSTRUCTION WORKER 

AREA OF CONCERN NO. 2 

Central Tendency ReacoMble Maximum 
Pathway H d I n d e x  ClncerRisk HurrdIndex Cancer Risk 

Ingestion of subsurface soil 
Inhalation of pmiculates ftom surface and subsurfact soil 
Dermal contact with subsurface soil. 

3.23E-03 2.52E-08 1.82E-02 1.41E-07 
1.7JE-09 2.18E-09 

External Radiation 1.S3E-09 I .9 1 E49 
Tow1 3.23E-03 2.8SE-08 1.82E-02 1.46E-07 

*Dermal absorption of metals and radionuclides is comidmd insignifcant 
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SUMMARY OF RISK 
OPEN SPACE USER 

AREA OF CONCERN NO. 2 

Central Tmdenq Reasonable Maximum 
Puhway Hazard Index Cancer Risk Hazard Index Can= Risk 

Ingestion of surf= soil by an adult 
Ingestion of surface soil by I child 
cutinogenic effeictr of soil ingestion 
Inhalation of particulata fkorn surface soil 
Damal contact with surface soil. 
Ingation of surface watcr - Walnut Creek 
Ingestion of surface water - Woman Crock 
Damal contact with surface water - Walnut Credc 
Dermal contact with surface water - Woman Creek 

5.82E-08 
S.10E-07 

1.29E-09 
1.90E-06 
1.00E-06 
2.0SE-05 
6.83E-06 

2.3SE-09 
7.28E-IO 
4.65E-14 
5.96E-I 1 
3.328-10 
1.87E-09 
3.16E- 10 

9.10E-07 
8.49E-06 

1.43E-07 
2.28E-05 
1.20E-0s 
2.51E-04 
8.35E-05 

1.23E-07 
3.41E-08 
1.7lE-11 
2.398-09 
1.33E-08 
7.64E-08 
1.29E-08 

Extrmal Radiation 1.52E-10 3.08E-09 
To~al 3.08E-05 5.81E-09 3.79E-04 2.65E-07 

Dcrmal contact with metals (except mercury) and radionuclides is considered insignifcant 
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SUMMARY OF RISK 
HYPOTHETICAL ONSITE RESIDENT 

AREA OF CONCERN NO. 2 

Central Tendency Reasonable Maximum 
Pathuax Hazard Index CanccrRisk HazardIndex Cancer h s k  

Ingestion of surface soil by an aduk 5.45E-06 2.55E-05 
Ingestion of surface soil by a child 6.52E-05 2.38E-04 
Carcinogenic effects of soil ingestion 2.48E-07 3.44E-06 
Inhalation of particulates from surface soil 1.29E-07 1.36E-06 
Dermal contact with surface soil' 1.29E-07 4.64E-12 3.99E-06 4.79E-10 
Ingestion of vegetables with soil deposition , 2.60E-08 8.75E-10 1.94E-07 2.18E-08 
Ingestion of h i t  with soil deposition 3.39E-08 1.14E-09 2.31E-07 2.61E-08 
Ingestion of leafy vegetables with root uptake 1.18E-05 9.35E-09 4.42E-05 1.16E-07 
Ingenion of other produce with root uptake 1.42844 1.20E-08 4 . 9 m 4  8.47E-08 
Ingestion of groundwater 6.04E-04 3.10E-07 4.30E-03 7.35646 
Ingestion of surface watcr - Walnut Creek 1.52E-06 4.77E-11 2.77E-05 2.89E-09 

Dermal contact with surface water - Walnut Creek 8.36845 7.64E-09 5.95E-04 1.81E-07 
Dermal contact with surface water - Woman Creek 2.78E-05 1.29E-09 1.98844 3.06E-08 
lnhalation of VOCs &om infiltration 1.89E-11 5.64E- 14 4.53E-11 4.5OE-13 
Inhalation of VOCs &om groundwater use 2.07E-05 3.09E-08 4.95E-05 1.47E-07 

Total 9.63E-04 7.67E-07 6.00E-03 1.3 1 E-05 

Ingestion of surface water - Woman Creek 8.0 1 E-07 2.66E-10 1.46E-05 1.6 1 E-08 

External Radiation 1.63E-08 1.74E-07 

Dmnal contad with metals (except mercury) and radionuclides is considered insignificant 
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SUMMARY OF RISK 
CURRENT OFFSlTE RESIDENT 

SOUTHEAST 
AREA OF CONCERN NO. 2 

Central Tendency Rersonable Maximum 
Pathway Hazard Index CUrccrRisk HazardIndcx Cancer Risk 

Ingestion of surface soil by an adult 2.76E-12 1.29E-11 
Ingestion of surface soil by a child 3.30E-11 1 .ZOE-lO 
Carcinogmic e 5 d s  of soil ingestion 1.24E-13 1.73E-12 
Inhalation of puticulatcs bm surface soil 0.00E+00 5.72E-11 0.00E+00 6.0 1 E- 10 
D m a l  contld with surface soil' 6.53E-14 2.3SE-18 2.02E-12 2.43E-16 
Ingestion of vegetables with soil deposition 3.41E-11 1.14E-12 2.55E- 10 2.84E-11 
Ingestion of fruit with soil deposition 4.46E-11 1.498-12 3.12E10 3.48E-I 1 
Total I .  15E-IO S.99E-11 7.03E-10 6.66E-10 

Dermal contact with metals (except mercury) and radionuclides is considered insignificant. 
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SUMMARY OF RISK 
FUTURE OFFSITE RESIDENT 

WOMAN CREEK 
AREA OF CONCERN NO. 1 

Cmtral Tendency Reasonable Maximum 
Pathway Hazard Index Cancer bsk Hazard Index Cancer k s k  

Ingestion of surfice soil by an adult* 
Ingestion of surf- soil by a child* 
Carcinogenic e5ec-l~ of soil ingution* 
Inhalation of puticulatcs h r n  surf- soil 
Dermal contact with surface roil* 
Ingestion of vegcrrbla with soil deposition' 
Ingestion of h i t  with soil &position* 
Ingestion of surface water 
Demul c o n w  with surface water 

Total 

O.OOE+OO 
0.00E+00 

0.00E40 
0.00E+00 
0.00E+00 
0.00E+00 
8.01E-07 
2.78E-05 
2.86E-05 

O.OOE+OO 

0.00E+00 
0.00EtOO 
0.00EMO 

8.268-10 

2.66E-10 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO O.OOE+OO 
0 .00E90 0.00E40 

O.OOE+OO O.OOE+OO 
1.6 1 E48 1.46E-05 

O.OOE+OO 8.686-09 

1.29E-09 1.98E-04 3.068-08 
2.38E-09 2.13E-04 5.54E-08 

U'indbome COCs &om AOC No. 1 surf- soil arc not deposited in rigruficrnt quantities at this -tor loution 
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SUMMARY OF RISK 
CURRENT OFFSITE RESIDENT 

INDIANA SOUTH 
AREA OF CONCERN NO. 2 

Central Tmdcncy Reasonable Mawmum 
Pathway HIzardlndex Crnccrhsk HaLYdIndex Cancer b s k  

Ingestion of surf- soil by an adult* 0.00E+00 0.00E+00 O.OOE+OO O.OOE+OO 
Ingestion of surf- soil by a child' 0.00E+00 0.00E+00 O.OOE+OO O.OOE+OO 

0.00E+00 Carcinogenic effects of soil ingestion* O.OOE+OO 0.00E+00 O.OOE+OO 

O.OOE+OO Dermal con!act with surface soil* 0.00E+00 0.00E+00 O.OOE+OO 
Ingestion of vegetables with soil deposition* O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+OO 

Mutation of puticutata h m  surface soil O.OOE+OO 8.63E- 13 O.OOE+OO 9.07E- I2 

Ingestion of fruit with soil dcposilion* O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+OO 
Totnl 0.00E+00 8.63E-13 O.OOE+OO 9.07E-12 

Windborne conhninants from AOC No. 2 are not depositcd in signifcant concentrations at this loution 

S h n  I of I 





SUMMARY OF RISK 
CURRENT OFFSITE RESIDENT 

SOUTHEAST 
AREA OF CONCERN NO. 2 

Central Tendency ~ u s o n a b l c  Murimurn 
Pathway Hazard Index C M C ~  hsk H d  Index CUI= Risk 

Ingestion of surface soil by UI adult 2.76E- 12 1.29E-11 
Ingcstion of surface roil by a child 3.30E-1 I 1.2OE-10 
Cucinogenic effects of soil ingestion 1.248-13 1.73 E- I2 

6.01 E-10 Inhalation of particulates 6om surface roil O.OOE+OO 5.72E-11 
Dermal contad with surface soil' 6.53E-14 2.35E-18 2.02E-12 2.43E-16 
Ingestion of vcgetlbla with soil deposition 3.41E-I I 1.14E- 12 2.55E-IO 2.84E-11 

3.488-1 1 Ingestion of hit with roil deposition 4.46E-11 
T a l  1.15E-IO 5.99E-1 I 7.03E-10 6.668-10 

O.OOE+OO 

1.49E-12 3.12E-10 

* Dermal contad with metals (except mercury) and d ~ o n u c l i d a  is conridered insigmfkant 

Shed I of I 
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SUMMARY OF RlSK 
FUTURE OFFSITE RESIDENT 

WALNUT CREEK 
AREA OF CONCERN NO. 2 

Cmtml Tendency Reasonable Maximum 
Pathwav HazardIndex C ~ m R i d c  HazardIndex Cancer Risk 

Ingestion of surface soil by an adult* 
Ingestion of surface soil by a child' 
Carcinogenic effects of soil ingestion* 
Mulation of puticulatrs from surface soil 0.00Ec00 
Dermal contaa with surface soil* 0.00E+00 
Ingation of vegetables with roil deposition. 0.00Ei-00 
Ingestion of fruit with soil deposition. 0.00E+00 
Ingestion of surface water l.SlE-06 
Demul conua with surface w.ter 8.36E-05 
Total 8.51E-05 

O.OOE+OO 

O.OOE+OO 
0.00Ei-00 
0.00E+00 

2.60E-12 

4.778-1 I 
7.64E-09 
7.69E-09 

0.00E+00 
0.00E+00 

O.OOE+OO 

0.00E+00 0.00Ei-00 
0.00E+00 O.OOE+OO 
0.00E+00 0.00E+00 

2.77845 1.89E-09 
S.9SE-04 1.81M7 
6.23E-04 1.84Eo7 

0.00E+00 2.73E-11 

* Windborne conlaminants from AOC No. 2 are no1 deposited in sigrufiunl concmtntions I( this location 
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SUMMARY OF RISK 
CURRENT OFFSITE RESIDENT 

SOUTHEAST 
AREA OF CONCERN NO. 1 

Central Tendency Rcwnabk htaxunum 
Path\ra\ H d l n d e x  h m k s k  HlLardIndex Cancer hsk 

Ingestion of surface roil by a child. 
Ingestion of ~ r f ~  soil by M adult* 
Carcinogenic c f f a  of roil ingation. 
Inhalation of P.r(;culata h surface soil 

con- with surface roil' 
Ingestion of vegdrblcs with roil deposition. 

0.00E+00 O.OOE+OO 0.00E+00 O.OOE+OO 
0.00EM0 0.00E+00 0.00EMO 0.00E+00 

0.00E+00 0.00E+00 O.OOE+OO 0.00E+00 
0.00E+00 1.40E-09 O.OOE+OO I .47E-08 

0.00E+00 0.00E+00 0.00E+00 O.OOE+OO 
0.00EMO 0.00E+00 0.00E+00 0.00E+00 

Ingestion of hit with roil &position* 0.00E+00 0.00E+00 O.OOE+OO 0.00EM0 
T a l  0.00E+00 1.40E-09 O.OOE+OO 1.47E48 

* Windborne Contuninants ffom AOC No. 1 arc not deposited in signhunt  mcmtrations at t h i s  loution 
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SUMMARY OF RISK 
FUTURE OFFSITE RESIDENT 

WALNUT CREEK 
AREA OF CONCERN NO. 1 

Cmtral Tendency Reasonable M a m u m  
Pathway H m d  Index CmccrRisk Hazudlndex Cancer b k  

Ingestion of surface soil by an duk*  
Ingestion of surface mil by a child. 
Carcinogenic effects of soil ingestion' 
Mulation ofparticulates fiom surface soil" 
Demul c0nt.d with surface soil* 
Ingestion of vegetables with soil deposition. 
Ingestion of h i t  with soil deposition* 
Ingestion of rurfm water 

0.00E+00 
0.00E+00 

0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.52E-06 

0.00E+00 
0.00E+00 
O.OOE+OO 
O.WE+OO 
0.00E+00 
4.778-1 I 

0.00E+00 
0.00E+00 

O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO 0.00Ec00 

0.00 E+OO 0.00E+00 
O.OOE+OO 0.00E+00 

2.77E-0 J 2.89E-09 
Ikmul amtad with surface water 8.368-05 7.64E-09 J.9JE-04 1.81E-07 
Total 8.51E-0J 7.69E-09 6.23E-04 1.84E-07 

* 
**  Windbome conbminants from AOC No. 1 are not found in the air in sigrufunt mncmlrriiow at Uus loution 

Windbome contaminants kom AOC No. 1 are not deposited in sigruficant concentrations at Uur loution. 
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SUMMARY OF RISKS 
HYPOTHETICAL RESIDENT 
SPECIAL CASE CHEMICAL 

MAXIMUM 

Ingation of goundw.ter 0.00EM0 4.74E-04 0.00EW 1.12Eo2 
Total 0.00EMO 4.74E-04 0.00E+00 1.12E-02 

(VYNLMM XLS Sumrnary)(3nlW 31 PM) Shed 3 of 3 
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SUMMARY OF RISKS 
HYPOTHETICAL RESIDENT 
SPECIAL CASE CHEMICAL 

MINIMUM 

Central Tendency Ruronlble Muumum 
Plthway H d  Index C.nccrRirk H d I n d e x  crnca Risk 

2.23E-06 
2.23846 

Inga(icm0f grwndw.ln o.oOE+OO 9.40E-08 0.00E+00 
Td.l O.OOE+OO 9.40E-08 0.00E+00 

(WNLMIN WS Sumrrury)pBlrV5I 31 PM) S h e s t 2 d 2  
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SUMMARY OF RISKS 
HYPOTHETICAL RESIDENT 

SPECIAL CASE PAHS 
AREA OF CONCERN NO. 2 

i&Ddh&w - 
Pathway HuAd Index Cancer fbsk H u r d  Index Cancer fbsk 

Ingestion of surfaa soil by M adult 1.628-06 7.55E-06 
Ingwtlon of surfaa roll by a chdd 1.93E-05 7.05E-05 
Carcinogenic effects of soil ingestion 1.73E-07 2.10E-06 
Total 2.09E-05 1.73E-07 7.8OE-05 2.10E-06 

(AOCZPAHS XLS SUMMARY)(YllfQ510 12 AM) Shoal lo1 1 
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SUMMARY OF RISKS 
HYPOTHETICAL RESIDENT 

SPECIAL CASE PAHS 
AREA OF CONCERN NO. 1 

Ingation of surface mil by m adult 
Ingation of surfice roil by a child 

1.77E-06 8.29E-06 
2.12E-05 7.74E-03 

cucinogeruc effeds of soil ingestion 1 .WE07 2.30E-06 
2.30E-06 T0t.l Z.3OE-05 1.90E-07 8.56E-05 

(AOClPAHS U S  SUMHARY)(3nllBy 15 PM) 



SUMMARY OF RISKS 
HYPOTHETICAL RESIDENT 

SPECIAL CASE METALS 
BACKGROUND 

Cmhl Tendency R d l e  Mownurn 
Pathway H d  Index CancaRisk HamrdIndex Cancer R s k  

Lngertion of groundwater 4.18E-01 8.06E-06 2.98E+00 1.91E-04 
Total 4.18E-01 8.06Eo6 2.98E40 1.9 lE44 
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SUMMARY OF RISKS 
HYPOTHETICAL RESIDENT 

SPECIAL CASE METALS 
AREA OF CONCERN NO. 2 

Central Tendency Reasonable M w n u r n  
Pathway Hazard Index CUKvrRisk H.zudLndex Cancer Rtrk 

hgcslion of groundwater 1 .  I 8EM0 8.80E-06 8.43EMO 2.09E-04 
TOtd 1. ISEM0 8.80E46 8.43E+00 2.098-04 

, 

(ADCZMR XLS Surnrnary)(113/858 08 AM) Sheet 1 d 1 



SUMMARY OF RISKS 
HYPOTHETICAL RESIDENT 

SPECIAL CASE METALS 
AREA OF CONCERN NO. 1 

Cmhl Tendency Rutonable Muamurn 
Pathway H w r d  Index C.nccrRLJ( Huardlndex Cancer Risk 

IngC5tion of gTmndw* 2.04E+00 2.07E-05 1.4SE+01 4.928-04 
Total 2.04E+00 2.07E-05 1.45E+01 4.92E-04 

Shest 1 d 1 
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SUMMARY OF RISK 
FUTURE OFFSITE RESIDENT 

WOMAN CREEK 
AREA OF CONCERN NO. 2 

Cmtnl Tmdeny Rusonrble M m u m  
Pathway Hazdrdlndcx C.nccrRisk HuudIndex Clncer Risk 

Ingestion of surface soil by an adult 
Ingestion of surface soil by r child 
Cucinogmic effects of soil ingestion 
Inhalation of particulates ffom ~ r f a c c  soil 
Dmnal contact with surface soil' 
Ingation of vegetables with soil deposition 
Ingestion of h i t  with soil deposition 
Ingestion of surface wrtcr 

2.768-12 
3.30E-11 

6.53E-14 
3.41E-11 
4.4683 1 
8.01E-07 

1.29E-11 
1.2OE-10 

1.24E-13 1.73E-12 
3.21E-11 3.37E- 10 
2.35E-18 2.02E-12 2.438-16 
1.14E-12 2.5 SE- I O  2.84E-11 
1.49E-12 3.12E-10 3.488-1 1 
2.66E-10 1.46E-05 I .6 1 E48 

Dmnal contact with surface water 2.78E-03 1.29E-09 1.98E-04 3.06E-08 
Total 2.86E-05 1.59E-09 2.13E-W 4.71848 

* Dermal contact with metals (except mercury) and radionuclides is conridend insigrufunt. 
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ATTACHMENT H4-1 
c ANNUAL RADIATION DOSE FROM INGESTION OF SURFACE SOIL 

CURRENT ONSITE INDUSTRIAL WORKER 

Americium-%I1 Plutonium-2391t40 Total Dose' 
Exposure Assumptions CT RME CT RME CT RME 

AOC No. 1 
CC = Contaminant Concentration (pcikg) 
IR = Ingestion Rate (mg/day) 
EF = Dose Frequency (daydyear) 
WF = Weighting Factor 
FC = Fraction Contaminated (unitless) 
CF = Conversion Factor (kg/mg) 
Annual Radionuclide Intake (pCi/year)b 
Effective Dose Coefficient (mrem/pCi) 
Committed Effective Dose Equivalent (mrerdyear)' 

2.95E+04 2.95E+04 8.13E45 8.13E45 
10 50 IO 50 

219 250 219 250 
0.17 0.17 0.17 0.17 
0.9 1 .o 0.9 1 .o 

1E-06 IE-06 1E-06 1 E-06 
9.89E+00 6.288+01 2.72E+02 1.73E43 
3.648-03 3.64E-03 5.18E-05 5.18E-05 
3.60E-02 2.288-01 1.41E-02 8.958-02 5.01E-02 3.18E-01 

AOC No.2 
CC = Contaminant Concentration (pc ikg)  1.458+03 I .45E+03 1.03E+04 1.03E+04 
IR = Ingestion Rate (mg/day) 10 50 10 50 
EF = Dose Frequency (dayslyear) 219 250 219 250 
WF = Weighting Factor 0.17 0.17 0.17 0.17 
FC = Fraction Contaminated (unitless) 0.9 1 .o 0.9 0.9 
CF = Conversion Factor (kg/mg) 1E-06 1E-06 1E-06 1 E-06 
Annual Radionuclide Intake (pCi/year)b 4.868-01 3.08E+00 3.468+00 1.98E+Oi 
Effective Dose Coefficient (mredpCi) 3.648-03 3.64E-03 5.18E-05 5.18E-05 

;) Committed Effective Dose Equivalent (rnrem/year)c 1.77E-03 1.12E-02 1.79E-04 1.02E-03 1.95E-03 1.22E-02 

CT - Central Tendency 
RME - Reasonable Maximum Dose 
'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 FC x WF x CF 
Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 

, 



ATTACHMENT H4-2 
ANNUAL RADIATION DOSE FROM INHALATION OF 

SURFACE SOIL PARTICULATES 
CURRENT ONSITE INDUSTRIAL WORKERS 

Total Dose" Americium-241 Plutonium-239/240 
Exposure Assumptions CT RME CT RME CT RME 

AOC No. 1 
CC = Contaminant Concentration @ci/m3) 
IR = Inhalation Rate (m3/hr) 
EF = Exposure Frequency (daysbear) 
W = Weighting Factor 
RD = Respiratory Deposition Factor 
ET = Exposure Time (hrs/day) 
Annual Radionuclide Intake @Cdyear)b 
Effective Dose Coefficient (mredpci) 

I Committed Effective Dose Equivalent (mendyear)' 

AOC No. 2 
cc = Contaminant Concentration @ci/m') 
IR = Inhalation Rate (m3/hr) 
EF = Exposure Frequency (dayslyear) 
W = Weighting Factor 
RD = Respiratory Deposition Factor 
ET = Exposure Time (hrs/day) 
Annual Radionuclide Intake @Cdyear)b 
Effective Dose Coefficient (mredpCi) 
Committed Effective Dose Equivalent (mrem/year)" 

4.09E-04 4.09E-04 1.13E-02 1.13E-02 
0.83 0.83 0.83 0.83 
219 250 219 250 

0. I7 0.17 0.17 0.17 
1 1 1 1 

7.2 8.0 7.2 8.0 
9.10E-02 1.15E-01 2.51EMO 3.19E-KlO 
4.44E-0 1 4.44E-01 3.08E-01 3 .O8E-O 1 
4.04E-02 5.12E-02 7.74E-01 9.82E-0 1 8.1 5E-0 1 1.03E+00 

2.13E-05 2.13E-05 1 S3E-04 1.53E-04 
0 83 0.83 0.83 0.83 
219 250 219 250 

0.17 0.17 0.17 0.17 
1 1 1 1 

7.2 8.0 7.2 8.0 
4.74E-03 6.01E-03 3.4OE-02 4.3 2E-02 
4.44E-0 1 4.44E-01 3:08E-01 3.08E-0 1 
2.10E-03 2.67E-03 1.05E-02 1.33E-02 1.26E-02 1.601 

Note 
CT - Central Tendency 
RME - Reasonable Maximum Exposure 
"Total Dose is the sum of the Committed Effective Dose Equivalents for Am-24 1 and Pu-239/240 
Annual Radionuclide Intake = CC x IR x EF x WF x RD x ET 
Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coeficient 



ATTACHMENT H4-5 
ANNUAL RADIATION DOSE FROM INHALATION 

OF SURFACE SOIL PARTICULATES 
FUTURE ONSLTE INDUSTRIALlOFFICE WORKER 

Ernnaurr Ascurnntinnc 

Total Dose' 
~ 

Americium-241 Plutonium-239/240 
UMF CT R M E  CT R M E  

AOC No. I 

cc = Contaminant Concentration (pci/m3) 4.098-04 4.09E-04 1.13E-02 1.13E-02 
IR = Inhalation Rate (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyear) 219 250 219 250 
RD = Respiration Deposition Factor 1 1 1 1 
ET = Exposure Time (hrdday) 1.2 8 7.2 8 
Annual Radionuclide Intake (pCi/year)b 4.06E-01 6.79E-01 1.12E+OI 1.88E+01 
Effective Dose Coefficient (mredpCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mrem/year)c 1.80E-01 3.01E-01 3.46E+OO 5.78E+00 3.64E+00 6.08E+00 

AOC No.2 
CC = Contaminant Concentration (p~i/m') 
IR = Inhalation Rate (m'hr) 
EF = Exposure Frequency (daydyear) 
RD = Respiration Deposition Factor 
ET = Exposure Time (hrdday) 
Annual Radionuclide Intake (pCi/year)b 
Effective Dose Coenlcient (mredpCi) 
Committed Effective Dose Equivalent (mredyear)' 

2.13 E-0 5 2.1 3E-0 5 1.54E-04 1.54E-04 
0.63 0.83 0.63 0.83 
219 250 219 250 

I 1 1 1 
1.2 8 7.2 8 

2.12E-02 3.54E-02 I S3E-0 I 2.56E-0 1 
4.44E-01 4.44E-01 3.08E-01 3.08E-01 
9.39E-03 1.57E-02 4.71E-02 7.87E-02 5.65E-02 9.44E-02 

30-Acre Maximum Exposure Area 
CC = Contaminant Concentration (p~i/m')  8.1 I E-04 8.1 IE-04 2.158-02 2.15E-02 
IR = Inhalation Rate (m'/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyear) 219 250 219 250 

', RD = Respiration Deposition Factor 1 1 1 I 
ET = Exposure Time (hrdday) 
Annual Radionuclide Intake (pCi/year)b 

7.2 8 7.2 8 
8.06E-01 1.35E+00 2.14E+OI 3.57E+01 

Effective Dose Coefficient (mredpCi) 4.44E-0 1 4.44E-0 1 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mredyear)' 3.58E-01 5.98E-01 6.58E+00 l.lOE+Ol 6.94E+OO 1.16E+01 

Note: 
CT - Central Tendency 
RME - Reasonable Maximum Exposure 
'Total Dose is the sum of the Committed Effective Dose Equivalents for Am-24 I and Pu-239/240 

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



ATTACHMENT H4-6 
ANNUAL RADIATION DOSE FROM EXTERNAL IRRADIATION 

FUTURE ONSITE INDUSTRIAWOFFICE WORKER 

CC = Soil Concentration (pCi/kg) 
SD = Soil Density (kg/m3) 
D = Soil Depth (m) 
(1 - Se) = Gamma Shielding Factor (unitless) 
Artal External Irradiation (pCi/rn2)b 

2.95Ei-04 2.958- 8.13E45 8.13E45 
1.840 1.840 1,840 1.840 
0.05 1 0.05 1 0.05 1 0.05 1 

0.5 0.8 0.5 0.8 
1.396+06 2.22E+06 3.81E47 6.10E+O7 

External Dose Conversion Factor (mremhr per pCilm') 3.41E-IO 3.41E-IO 4.31E-12 4.318-12 

Annual Radiation Effective Dose Equivalent (rnremlyear)' 7.458-03 1.36E-140 2.59841 4.73E-01 1E+00 1.83E+00 
EF = Exposure Frquency (hourdyear) 1.588+03 I .80E43 I .58E+03 1.80E43 

AOC No.2 
CC = Soil Concentration (pCincg) 
SD = Soil Density (kg/m') 
D = Soil Depth (rn) 
( 1  - Se) = Gamma Shielding Factor (unitless) 
Areal External lrradiation (pCi/m2)b 

I .458+03 1.45843 I .03E+04 1.03EtO4 
1.840 1.840 1,840 1,840 
0.05 1 0.05 1 0.05 1 0.05 1 

0.5 0.8 0.5 0.8 
6.80E+04 1.09E45 4.85E45 7.75Ei-05 

External Dose Conversion Factor (rnremihr per pCi/m2) 3.41E-10 3.41E-IO 4.31E-12 4.31E-12 
EF = Exposure Frequency (hourslyear) 1.58E43 1.80EM3 1.58E43 1,8OE+O3 
Annual Radiation Effective Dose Equivalent (rnrem/ym)' 3.668-02 6.688-02 3.29843 6.02843 3.998-02 7.288-02 

30-Acre Maximum Exposure Area 
CC = Soil Concentration (pCi/kg) 
SD = Soil Density (kg/rn') 
D = Soil Depth (m) 
(1  - Se) = Gamma Shielding Factor (unitless) 
Areal External Irradiation @Ci/rn2)b 

6.94E+04 6 . 9 4 8 4  1.838+06 1.83E416 
1,840 1,840 1,840 1.840 
0.05 I 0.05 I 0.05 1 0.05 1 

0.5 0.8 0.5 0.8 
3.26E+06 5.218+06 8 . 5 7 8 4 7  1.37E48 ' 

External Dose Conversion Factor (rnremlhr per pCilm') 3.41E-10 3.41E-10 4.318-12 4.31E-12 
EF = Exposure Frequency (hourslyear) I .58E+03 1.80E43 3.58843 1.8OE43 
Annual Radiation Effective Dose Equivalent (rnredyear)' I .75E+00 3.20E-I40 5.828-01 1.W33-00 2.33E+00 4.268+00 

CT - Central Tendency 
RME - Reasonable Maximum Exposure 
'Total Dose is the sum of the Effective Dose Equivalents lor Am-24 1 and Pu-239/240 
Areal External Irradiation = CC x SD x D x ( I - Se) 
Annual Effective Dose Equivalent = Areal External Irradiation x External Dose Conversion Factor x EF 



ATTACHMENT H4-7 
ANNUAL RADIATION DOSE FROM INGESTION OF SURFACE SOIL 

FUTURE ONSITE ECOLOGICAL WORKER 

Americium-241 Plutonium-239/240 Total Dose' 
Exposure Assumptions CT RME CT RME C T R M E  

AOC No. 1 
CC = Contaminant Concentration (pcikg) 2.95E+04 2 . 9 5 E 4  8.13E45 8.13E+05 

EF = Exposure Frequency (daydyear) 65 65 65 65 
IR = Ingestion Rate (mglday) 33 106 33 106 

FC = Fraction Contaminated (unitless) 0.9 1 0.9 1 
CF = Conversion Factor (kding) IE-06 1E-06 1 E46 1 E-06 
Annual Radionuclide Intake (pCi/year)'' 5.70E+OI 2.038+02 1.57EM3 5.60EM3 
Effective Dose Coefficient (mrem/pCi) 3.64E-03 3.64E-03 5.18E-05 5.18E-05 
Committed Effective Dose Equivalent (mrem/year)c 2.08E-01 7.41E-01 8.138-02 2.90E-01 2.898-01 1.03E+00 

AOC No.2 
CC = contaminant Concentration (pCilkg) I .458+03 1.45843 1.03E+04 1 . 0 3 E 4  
IR = Ingestion Rate (mg/day) 33 106 33 106 
EF = Exposure Frequency (dayslyear) 65 65 65 65 
Fc = Fraction Contaminated (unitless) 0.9 1 0.9 1 
CF = Conversion Factor (kglmg) IE-06 1E-06 1 E-06 1 E-06 
Annual Radionuclide Intake (pcilyear)'' 2.80E+00 9.99E+00 1.99E+01 7.12E41 
Effective Dose Coefficient (mrem/pCi) 3.64E-03 3.64E-03 5.18E-05 5.18E-05 
Committed Effective Dose Equivalent (inredyear)' I .02E-02 3.64E-02 1.03E-03 3.69E-03 1.12E-02 4.01E-02 

SO-Acre Maximum Exposure Area 
CC = Contaminant Concentration (pCi/kg) 5.88E+04 5.88E+04 1.24E+06 1.24Ei-06 

EF = Exposure Frequency (daydyear) 65 65 65 65 
IR = Ingestion Rate (mg/day) 33 106 33 106 

FC = Fraction Contaminated (unitless) 0.9 1 0.9 . 1  
CF = Conversion Factor (kg/mg) IE-06 1E-06 1 E-06 1E-06 
Annual Radionuclide Intake (pCi/year)" I .  14E+02 4.058+02 2.40Ei-03 8.57Ei-03 
Effective Dose Coefficient (mredpCi) 3.64E-03 3.64E-03 5.18E-05 5.18E-05 
Committed Effective Dose Equivalent (inremlyear)' 4 13E-01 I .48E+00 1.24E-01 4.44E-01 5.38E-01 1.92E+O 

CT - Central Tendency 
RhlE - Reasonable Maximum Exposure 
'Total Dose is the sum of the Committed Effective Dose Equivalents for Am-241 and Pu-2391240 

Annual Radionuclldc Intake = CC x IR x EF x FC x CF 
Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Cocficient 

Sheer 1 of 1 



ATTACHMENT H4-8 
ANNUAL RADIATION DOSE FROM INHALATION OF SURFACE 

SOIL PARTICULATES 
FUTURE ONSITE ECOLOGICAL WORKER 

Americium-241 Piutonium-239/240 Total Dosea 
Exposure Assumptions CT RME CT RME CT RME 

AOC No. 1 
cc = Contaminant Concentration @ci/m3) 4.09E-04 4.09E-04 1.13E-02 1.13E-02 
IR = Inhalation Rate (m3/hr) 0.83 1.40 0.83 1.40 
EF = Exposure Frequency (dayslyear) 65 65 65 65 

ET = Exposure Time @&day) 7.2 8 7.2 8 

Effective Dose Coefficient (mredpci) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mredyear)‘ 7E-02 1.32E-01 1.35E+00 2.53E+00 1.42E+00 2.67E+00 

RD = Repiratory Deposition Factor 1 1 I 1 

Annual Radionuclide Intake @Ci/year)b 1.59E-01 2.98E-01 4.39E+00 8.23E+00 

AOC No. 2 
cc = Contaminant Concentration @ci/m3) 2.13E-05 2.13E-OS 1 S3E-04 1 S3E-04 
IR = Inhalation Rate (m3/hr) 0.83 1.40 0.83 1.40 
EF = Exposure Frequency (daysfyear) 65 65 65 65 
RD = Repiratory Deposition Factor 1 1 1 1 
ET = Exposure Time (hrs/day) 
Annual Radionuclide Intake @Ci/year)b 

7.2 8 7.2 8 
8.27E-03 1.55E-02 5.94E-02 1.1 1E-01 

Effective Dose Coefficient (nuedpCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-0 1 
Committed Effective Dose Equivalent (mendyear)‘ 3.67E-03 6.88E-03 1.83E-02 3.43E-02 2.20E-02 4.1 2E-02 

50-Acre Maximum Exposure Area 
cc = Contaminant Concentration @~i/rn’> 7.28E-04 7.28E-04 1.55E-02 1 .55E-02 
IR = Inhalation Rate (m3/hr) 0.83 1.40 0.83 1.40 
EF = Exposure Frequency (dayslyear) 65 65 65 65 
RD = Repiratory Deposition Factor 1 1 1 1 
ET = Exposure Time (hrsfday) 7.2 8 7.2 8 
Annual Radionuclide Intake @Ci/year)b 2.83E-01 5.30E-01 6.02E+00 1,13E+O1 

Committed Effective Dose Equivalent (mrem/year)c 1.26E-01 2.35E-01 1.85E+00 3.48E+00 1.98E+00 3 71 E+OO 
Effective Dose Coefficient (mredpCi) 4.44E-01 4.44E-01 3.08E-0 1 3.08E-01 

Note 
CT - Central Tendency 
RME - Reasonable Maxlmurn 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 RD x EF x ET 
‘Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 



ATTACHMENT H4-11 
ANNUAL RADIATION DOSE FROM INGESTION OF SURFACE SOIL 

FUTURE ONSITE OPEN SPACE USE 

Total Dose' Americium-24 1 Plutonium-239040 
Exposure Assumptions m RME cr RME RME 

AOC No. 1 
CC = Contaminant Concentration (pCi/kg) 2.95E+04 2.95E+04 8.13E+05 8.13E+05 
IR = Ingestion Rate (mg/visit)b 9.6 60.0 9.6 60.0 
EF = Exposure Frequency (visits/year) 10 25 10 25 

1 E-06 1E-06 1 E-06 1E-06 
2.83E+OO 4.43E+01 7.80E+01 1.22E+03 

CF = Conversion Factor (kg/mg) 
Annual Radionuclide Intake (pCi/year)' 
Effective Dose Coeffrcient (mrem/pCi) 3.64E-03 3.64E-03 5.18E-OS 5.18E-05 
Committed Effective Dose Equivalent (mrem/year)d 1.03E-02 1.61E-01 4.04E-03 6.32E-02 1.44E-02 2.24E-01 

AOC No.2 
CC = Contaminant Concentration (pCi/kg) 1.45E+03 1.45E+03 1.03E+04 1.03EM4 
IR = Ingestion Rate (mg/visit)b 9.6 60.0 9.6 60.0 
EF = Exposure Frequency (visits/year) 10 2s 10 25 
CF = Conversion Factor (kg/mg) 1 E-06 1E-06 1 E-06 1E-06 
Annual Radionuclide Intake (pCi/year)' 1.39E-01 2.18E+00 9.92E-01 1.55E+01 
Effective Dose Coefficient (mrem/pCi) 3.64E-03 3.64E-03 5.18E-05 5.18E-05 
Committed Effective Dose Equivalent (mrem/year)d 5.07E-04 7.928-03 5.148-05 8.03E-04 5.58E-04 8.72E-03 

Note: 
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 

'hildiAdult Weighted 
m u a l  Radionuclide Intake = CC x IR x EF x CF 

dCommitted Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 



ATTACHMENT H4-12 
ANNUAL RADIATION DOSE FROM INHALATION OF SURFACE 

SOIL PARTICULATES 
FUTURE ONSITE OPEN SPACE USE 

Americium-24 1 Plutonium-239/240 Total Dose' 
Exposure Assumptions CT RME CT RME CT RME 

AOC No. 1 
CC = Contaminant Concentration wi/rn3> 
IR = Inhalation Rate (m3/hr) 
EF = Exposure Frequency (visits/year) 
RD = Respiratory Deposition Factor 
ET = Exposure Time (hrdvisit) 
Annual Radionuclide Intake @Ci/year)b 

4.09E-04 4.098-04 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 
5.09E-03 7.16E-02 1.41E-01 1.98EM0 

Effective Dose Coefficient (mrem/pCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-0 1 
Committed Effective Dose Equivalent (mrem/year)" 2.26E-03 3.18E-02 4.33E-02 6.09E-01 4.56E-02 6.41E-01 

AOC No.2 
CC = Contaminant Concentration @ci/m3) 
JR = Inhalation Rate (m3/hr) 
EF = Exposure Frequency (visits/year) 
RD = Respiratory Deposition Factor 
ET = Exposure Time (hrdvisit) 
Annual Radionuclide Intake (pCi/year)b 

2.33E-05 2.13E-05 1.53E-04 1 S3E-04 
0.83 1.40 0.83 1.40 

10 25 10 25 
1 1 1 1 

1.5 5.0 1.5 5.0 
2.65E-04 3.73E-03 1.90E-03 2.68E-02 

Effective Dose Coefficient (mredpCi) 4.44E-0 1 4.44E-0 1 3.08E-0 1 3.08E-01 
Committed Effective Dose Equivalent (mredyear)" 1E-04 1.66E-03 5.87E-04 8.25E-03 7.04E-04 9.9OE-03 

Note: 
CT - Central Tendency 
RME - Reasonable Maximum Exposure 
'Total Dose is the sum of the Committed Effective Dose Equivalents for Am-24 1 and Pu-239/240 
'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 H4-19 
ANNUAL RADIATION DOSE FROM INHALATION 

OF SURFACE SOIL PARTICULATES 
HYPOTHETICAL FUTURE ONSITE RESIDENTS 

Americium-241 PlutoniUm-239/240 Total Dose' 
Exposure Assumptions CT R M E  CT R M E  CT R M E  

AOC No. 1 
CC = Contaminant Concentration (pCim7 
IR = Inhalation Rate (m3ihr) 
EF = Exposure Frequency (daydyear) 
RD = Respiratory Deposition Factor 
ET = Exposure Time (hrdday) 
Annual Radionuclide Intake (pCi/year)b 
Effective Dose Coefficient (mrem/pCi) 
Committed Effective Dose Equivalent (mrem/year)c 

AOC No.2 
CC = Contaminant Concentration (pCl/m3) 
IR = Inhalation Rate (m'hr) 
EF = Exposure Frequency (daydyear) 
RD = Respiratory Deposition Factor 
ET = Exposure Time (hrdday) 
Annual Radionuclide lntake (pCi/year)b 
Effective Dose Coefficient (mredpCi) 
Committed Effective Dose Equivalent (mredyear)' 

10-Acre Maximum Exposure Area 
CC = Contaminant Concentration (pCi/m3) 
1R = Inhalation Rate (m3/hr) 
EF = Exposure Frequency (daydyear) 
RD = Respiratory Deposition Factor 
ET = Exposure Time (hrdday) 
Annual Radionuclide lntake (pCi/year)b 
Effective Dose Coefficient (mredpCi) 
Committed Effective Dose Equivalent (mredyear)' 

4.098-04 4.09E-04 1.13E-02 1.13E-02 
0.63 0.83 0.63 0.83 
234 3 50 234 350 

1 1 1 1 
15 24 15 24 

9.04E-01 2.85E+00 2.50E+01 7.888+01 
4.448-01 4.44E-01 3.08E-01 3.08E-01 
4.02E-01 1.27E+00 7.70E+00 2.43E+01 8.10E+00 2.558+01 

2.13s-05 2.13E-05 1.53E-04 1.53E-04 
0.63 0.83 0.63 0.83 
234 350 234 350 

1 1 1 1 
15  24 1s 24 

5E-02 1.49E-01 3.38E-01 1.07E+00 
4.44E-01 4.44E-OI 3.08E-01 3.08E-01 
2.09E-02 6.59E-02 1.04E-01 3.298-01 1.25E-01 3.94E-01 

8 456-04 8 4SE-04 3 90E-03 3 90E-03 
0.63 0 83 0 63 0 83 
234 350 234 350 

I 1 1 1 
15 24 15 24 

1 87E+00 S 89E+00 8 62E+00 2 72E+01 
4 44E-01 4 44E-01 3 08E-01 3 08E-01 
8 30E-01 2 62E+00 2 66E+00 8 37E+00 3 49E+00 1 10E+OI 

Note: 
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 EF x RD x ET 
Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 



ATTACHMENT H4-20 
ANNUAL RADIATION DOSE FROM INGESTION OF GROUNDWATER 

HYPOTHETICAL FUTURE ONSITE RESIDENTS 

CC = Contaminant Concentration (pCi/L) 1.90E-01 1.9OE-01 2 .40Em 2.40Em 
IR = Ingestion Rate (Uday) 1.4 2 1.4 2 
EF = Exposure Frequency (dayslyear) 234 350 234 350 
FC = Fraction Contaminated (unitless) 
Annual Radionuclide Intake (pCi/yeat)b 

0.3 1 0.3 1 
1.87E+01 1.33E+02 2.36E+02 1.68E43 

Effective Dose Coefficient (mrem/pCi) 3.64E-03 3.648-03 5.18E-05 5.18E-05 
Committed Effective Dose Equivalent (mrerdyear)' 6.80E-02 4.84E-01 1.22E-02 8.7OE-02 8.02E-02 5.71E-01 

AOC No.2 
CC = Contaminant Concentration (pCi/L) 2.20E-01 2.20E-01 1.13Ei-00 1.13E+00 
IR = Ingestion Rate (Uday) 1.4 2 1.4 2 
EF = Exposure Frequency (days/year) 234 350 234 350 
FC = Fraction Contaminated (unitless) 0.3 1 0.3 1 
Annual Radionuclide Intake 2.16E+01 1.54E+02 1.1 1E42  7.91Ei-02 
Effective Dose Coefficient (mredpCi) 3.64E-03 3.64E-03 5 .  I 8E-05 5.18E-05 
Committed Effective Dose Equivalent (mrerdyear)' 7.87E-02 5.61E-01 5.75E-03 4.1OE-02 8.45E-02 6.02E-01 

10-Acre Maximum Exposure Area 
CC = Contaminant Concentration (pCi/L) 6.70E+00 6.70E+00 4.37Ei-01 4.37E+01 

EF = Exposure Frequency (dayslyear) 234 350 234 350 

Annual Radionuclide Intake (pCi/year)b 6.58E+02 4.69E+03 4.29E43 3.06E+04 

IR = Ingestion Rate (Yday) 1.4 2 1.4 2 

FC = Fraction Contaminated (unitless) 0.3 1 0.3 1 

Effective Dose Coefficient (mredpCi) 3.64E-03 3.64E-03 5.18E-05 5.18E-05 
Committed Effective Dose Equivalent (mredyear)' 2.40E+00 1.71E+01 2.22E-01 1.58Ei-00 2.62E+00 1.87E+Ol 

CT - Central Tendency 
Rh4E - 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 FC 
Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 



ATTACHMENT H4-27 
ANNUAL RADIATION DOSE FROM INGESTION OF SURFACE SOIL" 

CURRENT AND FUTURE OFFSITE RESIDENTS 

Total 
Americium-241 Plutonium-239/240 Doseb 

Exposure Assumptions CT RME CT RME CT RME 
Current Offsite Resident, Southeast 
AOC No.2 

IR = Ingestion Rate (mg/day)' 42 120 42 1 20 
EF = Exposure Frequency (daydyear) 234 350 234 350 
FC = Fraction Contaminated (unitless) 1 1 1 1 

CC = Contaminant Concentration (pCi/kg) . 7.3OE-04 7.3OE-04 5.198-03 5.19E-03 

CF = Conversion Factor (kg/mg) 1E-06 1E-06 1 E-06 1 E-06 
Annual Radionuclide Intake (pcilyear)" 7.17E-06 3.07E-05 5.10E-05 2.18E-04 
Effective Dose Coefficient (mrem/pCi) 3.648-03 3.648-03 5.18E-05 5.18E-05 
Committed Effective Dose Equivalent (mrem/year)' 2.61E-08 1.12E-07 2.64E-09 1.13E-08 2.88E-08 1.238-07 

Future Offsite Resident, Woman CreeWndiana 
AOC No.2 

IR = Ingestion Rate (mglday)' 42 120 42 120 
EF = Exposure Frequency (daydyear) 234 350 234 350 
FC = Fraction Contaminated (unitless) 1 1 1 1 
CF = Conversion Factor (kglmg) 1E-06 1E-06 1 E-06 1 E-06 
Annual Radionuclide Intake (pCi/year)" 7.17E-06 3.07E-05 5.1 OE-05 2.18E-04 
Effective Dose Coefficient (mredpci) 3.64E-03 3.64E-03 5.18E-05 5.18E-05 

CC = Contaminant Concentration (pCi/kg) 7.30E-04 7.30E-04 5.19E-03 5.19E-03 

Committed Effective Dose Equivalent (mrem/year)' 2.61E-08 1.12E-07 2.64E-09 1.13E-08 2.88E-08 1.23E-07 

CT - Central Tendency 
Rh4E - Reasonable Maximum Exposure 
'Modeling of Am-241 and Pu-239. 240 concentrations indicated none were current or future contaminants of concern 

in the following areas: AOC No. 1 - Southeast, Indiana South, WalnutAndiana. or WornadIndiana. and AOC No. 2 - 
Indiana South and Walnuflndiana 
Total Dose is the sum of the Committed Effective Dose Equivalents for Am-241 and Pu-239/240 b 

E ChildAdult Weighted 
dAnnual Radionuclide Intake = CC x IR x EF x FC x CF 
Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 



ATTACHMENT H4-28 
ANNUAL RADIATION DOSE FROM INHALATION 

OF SURFACE SOIL PARTICULATES 
CURRENT AND FUTURE OFFSITE RESIDENTS 

1 otal 
Americium-24 1 Plutonium-239/240 Doseb 

Exposure Assumptions CT RME CT RME CT RME 
Current Offsite Resident, Southeast 
AOC No. 1 

IR = Inhalation Rate (m3/hr) 0 63 0 83 0 63 0 83 
EF = Exposure Frequency (days/year) 234 350 234 350 

CC = Contaminant Concentration (pcl/m3) 6 49E-08 6 49E-08 1 79E-06 1 79E-06 

RD = Respiratory Deposition Factor 1 1 1 1 
15 24 15 24 

1.44E-04 4.52E-04 3.96E-03 1.25E-02 
ET = Exposure Time (hrdday) 
Annual Radionuclide Intake (pCi/year)' 
Effective Dose Coefficient (mredpCi) 4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mrem/year)d 6.37E-05 2.01E-04 1.22E-03 3.84E-03 1.28E-03 4.04E-03 

AOC Mo.2 

IR = Inhalation Rate (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (dayslyear) 234 350 234 350 

ET = Exposure Time (hrs/day) 15 24 15 24 

CC = Contaminant Concentration (pci/rn3) 9.5 1 E-09 9.5 1 E-09 6.76s-08 6.76E-08 

RD = Respiratory Deposition Factor 1 1 1 1 

Annual Radionuclide I n w e  (pCi/year)' 2. IOE-05 6.63E-05 1.49E-04 4.71E-04 
Effective Dose Coefficient (mredpci )  4.44E-01 4.44E-01 3.08E-01 3.08E-01 
Committed Effective Dose Equivalent (mrem/year)d 9.34E-06 2.94E-05 4.60E-05 1.45E-04 5.54E-05 175E-04 

Current Offsite Resident, Indiana South 
AOC No.2 

IR = Inhalation Rate (m3/hr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyear) 2 34 350 234 350 

ET = Exposure Time (hrslday) 15 24 15 24 

CC = Contaminant Concentration (pci/m3) 1.44E-10 1.44E-10 1.02E-09 1.02E-09 

RD = Respiratory Deposition Factor 1 1 1 1 

Annual Radionuclide Intake (pCi/year)' 3.18E-07 1.00E-06 2.26E-06 7,11E-06 
Effective Dose Coefficient (mrem/pCi) 4.44E-0 I 4.44E-0 1 3.08E-0 1 3.08E-0 1 
Committed Effective Dose Equivalent (mrem/year)d 1.41E-07 4.46E-07 6.95E-07 2.19E-06 8.36E-07 2.64E-06 

Future Offsite Resident, Walnut Creekhdiana 
AOC No.2 

IR = Inhalation Rate (m3/hr) 0 63 0 83 0 63 0 83 
EF = Exposure Frequency (dayslyear) 234 350 234 350 

ET = Exposure Time (hrdday) 
Annual Radionuclide Intake (pCi/vear)' 

CC = Contaminant Concentration (pci/m3) 4 33E-10 4 33E-10 3 07E-09 3 07E-09 

RD = Respiratory Deposition Factor 1 1 1 1 
15 24 15 24 

9.57E-07 3.02E-06 6 79E-06 2 14E-05 
Effective Dose Coefficient (mredpCi) 4 44E-01 4 44E-01 3 0%-01 3 08E-01 
Committed Effective Dore Equivalent (mrem/year)d 4 25E-07 1 34E-06 2 09E-06 6 59E-06 2 52t-06 7 91k-06 



ATTACHMENT H4-28 
AMWAL RADIATION DOSE FROM INHALATION 

OF SURFACE SOIL PARTICULATES" 
CURRENT AND FUTURE OFFSITE RESIDENTS 

Americium-24 1 Plutonium-239/240 Doseb 
Exposure Assumptions CT RME CT RME CT RME 

Future Offsite Resident, Woman Creekhdiana 
AOC No. 1 

IR = inhalation Rate (m'ihr) 0.63 0.83 0.63 0.83 
EF = Exposure Frequency (daydyear) 234 350 234 350 

ET = Exposure Time (hrdday) 15 24 15 24 

CC = Contaminant Concentration (pci/m3) 3.85E-08 3.85E-08 1.06E-06 1.06E-06 

RD = Respiratory Deposition Factor 1 1 1 1 

Annual Radionuclide Intake (pCi/year)' 8.51E-05 2.68E-04 2.34E-03 7.39E-03 
Effective Dose Coeficient (mredpci )  4.44E-0 1 4.44E-0 1 3.08E-0 1 3.08E-0 1 
Committed Effective Dose Equivalent (mrem/year)d 3.78E-05 1.19E-04 7.22E-04 2.28E-03 7.6OE-04 2.40E-03 

AOC No.2 
cc = Contaminant Concentration (pci/m3) 5 32E-09 5 32E-09 3 79E-08 3.79E-08 
IR = Inhalatron Rate (m3/hr) 0.63 0 83 0 63 0.83 
EF = Exposure Frequency (daydyear) 234 350 234 350 I 
RD = Respiratory Deposition Factor 1 I 1 1 

15 24 15 24 
1E-05 3.71E-05 8.38E-05 2.64E-04 

ET = Exposure Time (hrdday) 
Annual Radionuclide Intake (pCi/year)c 

I Effective Dose Coefficient (mrem/pCi) 4.44E-0 1 4.44E-0 1 3.08E-0 1 3.08E-O 1 
Committed Effective Dose Equivalent (mrem/year)d 5.22E-06 1.65E-OS 2.58E-OS 8.14E-05 3.10E-05 9.79E-OS 

Note: 
CT - Central Tendency 
RME - Reasonable Maximum Exposure 
'Modeling of Am-24 1 and Pu-239/240 concentrations indicated none were current or future contarmnants of concern 

in the following areas: AOC No. 1 - Indiana South and Walnuthdiana 
Total Dose is the sum of the Committed Effective Dose Equivalents for Am-24 1 and Pu-239/240 
Annual Radionuclide Intake = CC x IR x EF x RD x ET 
Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 

S h C C l  2 o f 2  



ATTACHMENT H4-29 
ANNUAL RADIATION DOSE FROM INGESTION OF SURFACE SOIL 

DEPOSITED ON HOMEGROWN PRODUCE (VEGETABLES)' 
CURRENT AND FUTURE OFFSITE RESIDENTS 

Total 
Americium-241 Plutonium-2391240 Doseb 

Exposure Assumptions C T R M E C T  RME C T R M E  
Current Onsite Resident, Southeast 
AOC No.2 
CC = Contaminant Concentration ($fig) 
IR = Ingestion Rate @/day) 
EF = Exposure Frquency (daydycar) 
FH = Fraction Homegrown (unitless) 
FC = Fraction of Homegrown which is Contaminated (unitless) 
WF = Washoff Factor (unitless) 
CF = Conversion Factor (kg/g) 
Annual Radionuclide Intake (pCi/year)' 
Effective Dose Coefficient (mrcm/pCi) 
Commiued Effective Dose Equivalent (mm/ycar)" 

Future Offsite Resident, Woman CreeMIndiana 
AOC No.2 
CC = Conlaminant Concentration (pCikg) 
IR = lngestion Rate (g/day) 
EF = Exposure Frquency (daydycar) 
FH = Fraction Homegrown (unitless) 
fT = Fraction of Homegrown which is Contaminated (unitless) 
WF = Washoff Factor (unitless) 
CF = Conversion Factor (kg/g) 
Annual Radionuclide Intake (pCi/year)' 
Effective Dose Coefficient (mrcm/pCi) 
Committed Effective Dose Equivalent (n~em/year)~ 

6.01EOS 6.01E-05 4.27E-04 4.27E-04 
200 200 200 200 
I50 350 1 so 350 

0.25 0.40 0.25 0.40 
0.30 0.30 0.30 0.30 

0.5 1 0.5 1 
IE-03 1E-03 1E-03 1 M 3  

6.168-05 5.058-04 4.80E-04 3.59843 
3.648-03 3.64E-03 5.188-05 5.18E-05 
2.46E-07 1.848-06 2.498-08 1.868-07 2.7 1 E-07 2.028-06 

6.01E-05 6.01E-05 4.27E-W 4.27E-04 
200 200 200 200 
150 350 150 350 

0.25 0.40 0.25 0.40 
0.30 0.30 0.30 0.30 
0.5 I 0.5 1 

1E-03 1E-03 IE-03 1 E-03 
6.768-05 5.05E-04 4.80844 3.59E-03 
3.64E-03 3.64E-03 5.188-05 5.186-05 
2.468-07 1.848-06 2.49E-08 1.868-07 2.718-07 2.028-06 

CT - Central Tendency 
RME - Reasonable Maximum Exposure 
'Modeling of Am-24 1 and Pu-2391240 concentrations indicated none were current or future contaminants of concern 

in the following areas: AOC No. 1 - Sourheast, lndiana  sou^. Walnutnndiana, and WornadIndiana; and AOC No. 2- 
lndiana Soulh and Walnutnndiana. 

b T o ~ l  Dose is the sum of the Committed Effective Dose Equivalents for Am-241 and Pu-239R40 
'Annual Radionuclide Intake = CC x IR  x EF x FH x FC x WF x CF 
'Committed Effective Dose Equivalent = Annual Radionuclide Intake x Effective Dose Coefficient 



G 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. 

H code: These results were not used based on professional judgement and 
consist of 174 VOCs and 78 metals records, all subsurface soil results. 
The units for these records were not consistent with all other 
subsurface soil records for VOCs and metals. The H qualified VOCs 
were reported as ug/g (Table J6.3-1A); all other VOCs were reported 
in ugkg  (Table J6.3-1B). The H qualified metals were reported as 

ugkg;  all other metals were reported in mgkg. 

All but one of the H qualified VOCs records were associated with 
samples collected from B215389. All of the H qualified metals data 
are associated with samples collected from BH3087 (Table J6.3-1C). 
Laboratory data packages were not available to verify the correct units 
for these data. Additionally, the numerical analytical results for the H 
qualified VOCs and H qualified metals are of the same order of 
magnitude as the non-H qualified data for the respective sample 
locations (Tables J6.3-1C and J6.3-ID). Therefore, as reported, the H 
qualified VOCs concentrations reported in ug/g are approximately 1000 
times greater than results reported in ugkg, and that H qualified metals 
concentrations reported in ug/kg are approximately 1000 times less 
than results reported in mgkg. 

The H qualified results were considered non-usable because the units 
for these data could not be verified. The data are not consistent with 
the otherwise comparable data, and the analytical results appear to have 
incorrect units as reported. 



I code: This code applies to field QC samples (e.g., RNS and TB), where an 
associated primary sample (REAL) was not available. These 
equipment rinsate and trip blanks were, therefore, not used. 

J code: This code applies to 1991 surface soil samples collected for Am-241 
and Pu-239/240 using the CDH method. These data were not used. 

The final step in the QA review was to verify that the usability codes were correctly assigned 
in the OU-2 PROJECT database. After this final review step was complete, the OU-2 
PROJECT database was released to the end user. The end users accessed only PROJECT 
data that were deemed usable and did not use data that were deemed unusable. The next 
section, J6.3.2 Data Interpretation and Use describes how the usable data were interpreted and 
used for mapping, modeling, and statistical manipulations. 

56.3.2 Data Interpretation and Use 

- 

This section describes how usable data in the final PROJECT database was interpreted and 
used by the end users of the data. The end users of the final PROJECT database used the 
data for mapping, modeling, and statistical manipulations to characterize chemical distribution 
in OU-2. 

Both validated and non-validated analytical data acquired from WEDS were used for the 
chemical evaluation of OU-2. Data that were not used included only those data that were 
deemed unusable for reasons described in Section J6.3.1.1 (e.g., rejected [R] data and null 
result field). 
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Data associated with field samples with a QA Code of REAL, DUE', and LR were used for 
mapping. These correspond to the primary field sample (REAL), the field duplicate (DUP), 
and the laboratory split (laboratory replicate [LR]) of the primary field sample. Laboratory 
replicates apply to radionuclides only. 

Only data associated with field samples with a QC Code of REAL were used for the 
background comparison and statistical evaluations (i.e., summary statistics). Only metals and 
radionuclides were used in the background comparison. 

Several radiochemical results were reported by the laboratory as negative or.  zero values. 
These values were used as reported in all evaluations. Therefore, all radionuclide data were 
treated as detected values (Le., there were no non-detects). Radionuclide results that were 
qualified with a U (not detected) were also treated as detects and, therefore, the U qualifier 
was ignored. Likewise, the detection limit and error term associated with the radionuclide 
results were not considered. 

For most data, the value reported in the WEDS Detection Limit field reflected the nominal 
detection limit and not the SQL (see section J5.3 for definitions). For data that were U 
qualified, the SQL was typically reported in the WEDS Result field. The value in the 
Detection Limit field was often less than or greater than the value in the Result field for U 
qualified data. An example of the value in the Result field exceeding the value in the 
Detection Limit field (for U qualified results) includes adjustments made for dry weight on 
a soil sample. In this case, the Result field reflected a raised detection limit (e.g., SQL for 
VOCs in soil) proportional to the dry weight of the sample, whereas the Detection Limit field 
reported the nominal detection limit (e.g., CRQL for CLP VOCs). An example of the value 
in the Result field being less than the value in the Detection Limit field (for U qualified data) 
is metals analyses where the sample was quantitated to the IDL and the target analyte was 

not detected. In this case, the IDL was in the Result field, and the CRDL was in the 
Detection Limit field. (The IDL is lower than the CRDL.) The detection limit provided in 
the electronic data did not appear to be consistently reported for any of the analyses. 

The final PROJECT dataset had several analytical records with zeros in the Detection Limit 
field and several instances of blank (or null) Detection Limit fields; however, the value in the 
Detection Limit field was only used in the comparison to background for U qualified metals 

I (4040-1041-0041-S10)(R4-APXJ)(IO/IX/95 5 17 pm)(7) 5-22 



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 56.3-2. 

57.0 PARCC PARAMETERS 

The data were assessed using the data quality indicators of PARCC. Section 52.0 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 J7.1 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. The two basic activities performed in the assessment of 
precision are estimating the measurement error attributable to the data collection process and 
estimating sampling variability from the observed spatial variation. The estimate of 
measurement error is expressed as the relative percent difference (RPD) between the measured 
concentration of a chemical in a sample and sample duplicate. RPD may refer to laboratory 
control samples or field duplicate samples. The estimate of spatial variability is expressed 
as the coefficient of variation. Section 57.2.1 evaluates precision of the samples collected for 
ou-2.  

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 
detected during the method blank analysis. Accuracy may refer to laboratory control samples 
(e.g., blank spike) or field samples (e.g,  matrix spike, surrogate spike). Section 57.2.2 
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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 trip 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 57.2.3. 

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 57.2.4 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 57.2.5. 

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 
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the PARCC assessment. Subsections J7.2.1, 57.2.2, J7.2.3, J7.2.4, and J7.2.5 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 
and by measuring the statistical performance of the data (by analyte and medium) per EPA 
Guidance (EPA 1992d) (see Section 7.2.1.7). 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 RPD assessment 
are presented by parameter group in subsections 57.2.1.1 through 57.2.1.6. 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. 

1 

The RPD values were calculated using the following equation: 

Relative Percent Difference = S - D  X l o o  
S + D  

2 

where : S = Reported concentration of analyte in the field sample (REAL) 
D = Reported concentration of analyte in the field duplicate (DUP) 

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 (i.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 
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As shown in Table J7.2-1, 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. Seep surface water and sediments are collected on a 
quarterly basis under the site-wide WETS Surface Water Monitoring Program. The seep 
sediment locations SED03 1 and SED038 are the only seep sediment sampling sites located 
within OU-2. The QA/QC samples associated with the site-wide seep and sediment sampling 
program are collected on a program basis and not on an OU-specific basis. There are no 
QA/QC sediment samples (and therefore, no field duplicate data) associated with samples 
collected at the SED03 1 or SED038 locations. Because no field sediment duplicate data are 
available for OU-2, all available seep sediment duplicate data collected at locations outside 
of OU-2 were used to evaluate the precision of the site-wide seep sediment data set as a 
whole. The seep sediment field duplicate data used in the precision assessment are tabulated 
in Appendix J l .  

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 (Le., 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 57.2-1 
summarizes the percentage of RPDs that were within advisory limits for each media sampled. 
Table J7.2-2 shows the analytes that had precision values that exceeded advisory limits. 
Section J7.2.1.1 through J7.2.1.6 provide an overview, by analyte group, of the RPD 
assessment . 

57.2.1.1 Relative Percent Difference Values for PesticideRCBs 

RPD values 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 pesticidePCB data were 
available. 

57.2.1.2 Relative Percent Difference Values for Semivolatile Organics 

RPD values 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. 

57.2.1.3 Relative Percent Difference Values for Volatile Organics 

RPD values 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 172-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. 

RPD values for VOCs in water samples were within advisory limits, with the exception of 
three occurrences each of carbon tetrachloride (CCI,), chloroform (CHCI,), methylene chloride 
(CHCI,), and tetrachloroethene (PCE), and fewer occurrences of 1,l -dichloroethene (1 , 1 -DCE) 
and trichloroethene (TCE) in groundwater. There were two instances of CHCI, 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 Relative Percent Difference Values for Metals 

RPD values for metals showed a higher degree of variability @e., analytes exceeding the 
advisory RPD limit) than those for organic chemicals. Tables 57.2.1-1 and J7.2.1-2 show 
that, with the exception of filtered and unfiltered metals for groundwater, subsurface soils had 
the lowest percentage of RPDs within advisory limits. RPD values for filtered and unfiltered 
seep surface waters showed less variability than those for subsurface soils but greater 
variability than seep sediments and surface soils. 

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

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 
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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 
Al, 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. The 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 Relative Percent Difference Values for Inorpanics 

RPD values 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 57.2-2)- 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 57.2-2 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. 

57.2.1.6 Relative Percent Difference Values for Radionuclides 

RPD values for radionuclides were consistently more variable (i.e., 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 (i.e., pCi/G, pCi/L) that 
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were very near or below the minimum detectable activity (h4DA). 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 (Le., either the REAL ( S )  or DUP (D)), 
causing the RPD value to be extraordinarily high. 

57.2.1.7 Statistical Performance Based on Samde Variability 

Samples used for risk assessment should meet a minimum statistical performance level 
represented by the following parameters: 80% confidence level, 90% power, and a 10% to 
20% minimum detectable relative difference (EPA 1992d). To assess whether the OU-2 data 
met EPA's recommended minimum statistical performance level based on sample variability, 
OU-2 sample sizes (by analyte and medium) were compared to required sample sizes per 
EPA's guidance. In order to perform this comparison, the coefficient of variation (CV) was 
calculated based on the geometric mean for each transformed data set. The required number 
of samples was then calculated using the equation: 

n = [(z, + z~)/(MDRD/CV)]~ + 0.5Z2, 

where: 

n = minimum required samples 

z a  
= percentile of the standard normal distribution (Z, = 0.842 for a = 

0.20) 

0.10) 
z, 

MDRD = minimum detectable relative difference (20%), and 
cv 

= percentile of the standard normal distribution (Z, = 1.645 for j3 = 

= the calculated coefficient of variation based on log-transformed data 

Comparisons of the actual number of OU-2 samples and the minimum required number of 

samples per EPA's guidance are presented in Appendix J4. Table 54-1 presents a summary 
of the assessment results. 
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Of the 16 medium-analyte data groups (e.g., unfiltered metals in UHSU groundwater, VOCs 
in subsurface soil), nine groups had every analyte within the group pass the minimum sample 
size requirements. Of the 545 medium-analyte-specific data sets (e.g., PCE in subsurface 
soil), 505 data sets passed the minimum sample size requirements (Table J4-1). 

The medium-analyte-specific data sets that failed the minimum sample size requirements were 
reviewed to determine if they had been selected as COCs. The following COC data sets 
failed to meet the minimum statistical performance level based on EPA’s recommended 
minimum number of samples required. 

Medium 

Minimum Number 
Number of OU-2 of Samples 

COC Samples Required 

Surface Soil PU-23 91240 72 

Surface Soil Am-24 1 61 

Subsurface Soil C admi um 254 

UHSU Filtered PU-2391240 15 
Groundwater 

UHSU Filtered Am-241 12 
Groundwater 

UHSU Groundwater 1.1 -Dichloroethene 442 

84 

2801 

652 

43 

60 

966 

57.2.2 Accuracy 

Data were reviewed for accuracy by the WETS validation contractor. (See Section J7.1 for 
components of accuracy.) The scope of preparing this RFIJRI report did not include 
validation, and the data necessary to evaluate accuracy were not available. Therefore, this 
discussion is limited to a general explanation of how WETS data were coded for accuracy 
by the validator. As part of the validation process, data were qualified based on the overall 
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quality of the sample data and associated laboratory QC.  In addition to the validation codes 
of A, AJ, V, VA, and R (see Section J6.2), another coding system was developed to describe 
why data were deemed A, AJ, VA, or R (accepted with qualifications or rejected). Data 
validated with a V code do not require reason codes. These additional codes are referred to 
as "Reason Codes" and generally consist of one to two digits, ranging from 1-99. The reason 
codes associated with validated data are displayed with the analytical data received from 
WEDS (Appendix C). The reason codes that apply specifically to accuracy are listed below: 

Reason 
Codes Definitions: 

10 

12 

13 
14 

27 
32 
33  

42 

62 
63 
68 
74 

Laboratory control sample recovery criteria were not met (all chemical 
groups). 
Predigestion matrix spike criteria were not met (f 25%). 
Predigestion matrix spike criteria were not met (< 30%). 
Postdigestion matrix spike recovery criteria were not met. 
Recovery criteria were not met for radionuclides. 
Laboratory control samples > f 3 sigma for radionuclides. 
Laboratory control samples > f 2 sigma and < f 3 sigma for radionuclides. 
Surrogates were outside criteria for (organics). 
LCS relative percent error criteria not met (radionuclides). 
LCS expected value not submitted or verifiable. 
Frequency of quality control samples not met. 
LCS data not submitted. 

Accuracy was evaluated for investigative samples by spiking an investigative sample with a 
known quantity of standard material (e.g., surrogate and MSMSD spiking material) and 
comparing the actual to the versus expected recovery. Although recovery limits are 
established for investigative samples, natural matrix variance may cause erratic spike 
recoveries (i.e., reason codes 12, 13, 14, 27, 42). The laboratory demonstrates control in 

accuracy by preparing and analyzing laboratory control samples (LCS) with the investigative 
samples using the same standards and procedures. Recovery control limits established for 
LCSs are strictly adhered to; however, there are occasions when errors are made in 

preparation or analysis. In these situations, the laboratory must be able to clearly demonstrate 
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that the problem was isolated to the LCS in question and that the associated data are 
acceptable, with qualifications (e.g., validation code AJ with reason codes 10, 32, 33, 62, 63, 

andor 74). If the laboratory is unable to show method control, the samples may be 
reprepared and reanalyzed, or the data may be rejected (validation code R) by the validator. 

Data that are validated and not rejected are deemed by the validator to be usable for any 
purpose, regardless of the reason code. Validated data that were not rejected were used to 
evaluate chemical distribution in OU-2. (Data that were not validated were used as received 
from WEDS.)  

57.2.3 Representativeness 

Equipment rinsates were used to assess representativeness through the efficiency of the 
decontamination process and possible cross-contamination between environmental samples. 
The OU-2 workplan determined that equipment rinsates were considered acceptable (with no 
need for data qualification) if the concentration of target analyte(s) was less than three times 
the required detection limit (EG&G 1991d). 

Equipment rinsate blanks (identified as RNS) were first evaluated to determine whether any 
analytes had reported concentrations that exceeded three times the required detection limit 
(hereinafter referred to as the 3x criteria). Only RNS samples that met .this criteria were 
further evaluated. The next step in the evaluation process was to determine which 
investigative (REAL) samples were associated with those rinsates. This was generally done 
by matching the sampling location and collection date. After the associated REAL samples 
were identified, the analyte that met the 3x criteria in the RNS sample was evaluated in the 
REAL samples. For example, if methylene chloride met the 3x criteria in the RNS, only 

methylene chloride was evaluated in the associated REAL samples. The analyte in the REAL 
sample was evaluated using the 5dlOx rule for blank contamination, as established in the 
EPA CLP National Functional Guidelines for  Organic Data Review (1  991 a). 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 5 d l O x  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 d l O x  
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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 
57.2-3 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. There were 750 trip blank data records associated with 20 samples, 
which is approximately 0.3 percent of the total records. Of the 750 trip blank data records, 
15 results exhibited detectable concentrations; only three of which exceeded the associated 
detection limit. These three results (5 pg/L, 0.2 pg/L, and 1 pg/L) were all associated with 
a groundwater sample collected from Well 22193 on June 2, 1993. No further evaluation of 
trip blank data is warranted. 

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 method blanks associated with the 
subsurface soils did not have reported concentrations of toluene. Upon further investigation, 
it was also determined that electrical tape was not typically used for other types of sampling. 
Subsequent to these observations, two rolls of the electrical tape were analyzed at the RFP 
88 1 Laboratory. The results of the analysis showed significant concentrations (percent levels) 
of toluene present in the epoxy of the electrical tape. In an effort to eliminate possible 
introduction of toluene into environmental samples during collection and handling, the use 
of electrical tape has since been omitted from the borehole soil sampling SOP. 
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57.2.4 Comparability 

Comparability of chemical analyses was optimized by establishing minimum requirements and 
acceptance criteria for all OU-2 samples submitted for chemical analysis. This was 

accomplished by using standard EPA CLP methods for routine chemical analyses, and for 
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Table 54-1 
Assessment of Data Precision-Sampling Variability' 

Appendix 54 

Unfiltered Filtered Pesticide* 
M d a  Metal Metals URads FRad VOC svoc CBs 

I Subsurface Soil 4/29 NA 1/13 NA 0136 0165 0127 

Surface Soil 5/29 NA 7/12 NA NA 0/65 0127 

UHSU Groundwater 0159 0/29 9/11 4/11 0/69 0166 0127 

Note: 
x/y; 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-analyte group. 
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