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1.0 PURPOSE 

This document summarizes existing data which will be used to plan an accelerated remedial 
action for Individual Hazardous Substance Sites (IHSSs) and contaminated surface and 
subsurface soils including: 

903 Pad Drum Storage Area (IHSS 112) (903 Pad), 
903 Lip Area (IHSS 155), 
Reactive Metal Destruction Site (IHSS 140), and 
Buffer Zone OU including the Americium Zone and OU 1 Surface Soils. 

This document addresses contamination of the asphalt pad at IHSS 1 12, soils under the pad, as 
well as surface and sub-surface soils within the other locations within the study area identified 
above. 

The purpose of the data summary is to present the data generated through numerous 
investigations, provide a usability assessment of these data, and use the information to assess 
RFCA action level exceedances. 

This assessment, along with the qualitative survey information provided in this summary, will 
aid in the developing volume estimates to be used in hture remedial action planning, probably 
through an IhURA. Because the large volumes of contaminated subsurface and surface soils 
requiring remediation, the hture I W R A  is expected to evaluate three remedial alteniatives. 
These alternatives are: 

Excavation of VOC-contaminated soils at the 903 Pad for e% situ treatment, off site 
shipment of soils exceeding putback levels, and excavation of the remaining 
radiological contaminated soils for off site disposal. 

e Excavation of VOC-contaminated soils at the 903 Pad for ex situ treatment, physical 
separation, off site shipment of soils exceeding putback levels, and excavation of the 
remaining radiological contaminated soils, physical separation for waste redxtion 
purposes, and off site disposal. 

Excavation of VOC-contaminated soil beneath the 903 Pad for ex-situ treatment, 
replacing treated soils in excavation, excavation of radiological contaminated surface 
and subsurface soil beyond the 903 Pad area, transporting and placing soils at the 903 
Pad excavation site for capping with engineered cover. 
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2.0 BACKGROUND AND PROJECT DESCRIPTION 

2.1 903 Pad and 903 Lip Area (IHSSs 112 AND 155) 

Drums that contained radioactively contaminated oils and volatile organic compounds (VOCs) 
were stored at the 903 Drum Storage Area (Figure 2-1) site from the summer of 1958 to January 
1967 when this area was an open field. Drum storage at the 903 Pad occurred over the entire pad 
area, with the maximum number of drums stored in April 1965, based on historical photographs 
(RMRS 1995a). A description by Catkins (1 970) of the drums that were stored at the drum 
storage site follows: 

“Most of the drums transferred to the field were nominal 55-gallon drums, but a 
significant number were 30-gallon drums that were not completely f i l l .  Approximately 
three-fourths of the drums were plutonium contaminated, while most of the balance 
contained uranium isotopes. Of those containing plutonium, most were lathe coolant 
consisting of a straight-chain hydrocarbon mineral oil (Shell Vitrea) and carbon 
tetrachloride in varying proportions. Other liquids were contained, including hydraulic 
oils, vacuum pump oil, trichloroethylene, perchloroethylene, silicone oils, and acetone 
still bottoms. Originally, contents of the drums were indicated on the outside, but these 
markings became illegible through weathering and no other records were kept on the 
contents. Oil leakage was recognized, and in 1959 (or possibly earlier) ethanolamine 
was added to the oil to reduce the corrosion rate of the steel drums.” 

As noted in Catkins (1970), drum leakage was-observed at the 903 Pad Drum Storage Site as 
early as 1959. Initial corrective action consisted of transferring the contents of the leaking drums 
to new drums and installing a fence around the-area to restrict access. Approximately 420 drums 
showed evidence of leakage, and of these, an estimated 50 leaked their entire contents (Dow 
Chemical, 1971). Approximately 5,000 gallons of liquid (Freiberg, 1970) containing an 
estimated 86 grams (g) of plutonium (5.3 Curies [Ci]) leaked into the soil (Dow Chemical, 
1971). 

A heavy rainstorm in August 1967 caused contaminants to migrate into a ditch south and 
southeast of the dnun storage site @ow Chemicd, 1971). During an investigation conducted by 
the Atomic Energy Commission (AEC) Health and Safety Laboratory (HASL), it was estimated 
that as much as 125 g total of plutonium-239 (7.7 Ci) were released fiom the drum storage site 
and redistributed by winds,(Krey and Hardy, 1970). 

From 1968 through 1969, some of the radiologically contaminated soil material was removed, 
the surrounding area was regraded, and much of the area, including the 903 Lip Area, was 
covered with a clean road base. An asphalt cap was constructed over the fenced drum storage 
area in October 1969 (Frieberg, 1970). 
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During radiological monitoring of the 903 Pad in 197 1 , four “hot spots” were identified. This 
lead to the removal of 3 1 kilograms (kg) of depleted uranium and up to 10.3 milligrams (mg) of 
plutonium from beneath the asphalt cover. During sampling activities associated with this 
removal action, an oil layer, contaminated with depleted uranium, was discovered in two separate 
boreholes at depths of 45.7 and 76.2 centimeters (cm) (18 inches and 30 inches respectively) 
below ground surface (bgs). A clay layer was observed beneath the contaminated zone. Because 
no contamination was found below the clay layer, it was believed that the clay layer served as a 
natural barrier to downward migration of contaminants. However, the OU 2 RFI/RI (DOE, 
1995) identified radiological contamination at decreasing concentration from 0.6 to 6 meters (2 
to 10 feet respectively) at the 903 Pad. 

During drum storage, removal and cleanup activities associated with the 903 Pad Drum Storage 
Site, wind and rain redistributed plutonium beyond the 903 Pad. Contamination was primarily to 
the south and east, extending to the southeast perimeter road creating IHSS 155, the 903 Lip 
Area (Figure 2-2). An estimated 16 g of plutonium-239/240 were redistributed beyond the 
asphalt pad, in an area exceeding 2,000 acres (RMRS, 1995). This area outside the 903 Lip Area 
is referred to as the Americium Zone. 

2.2 Reactive Metal Destruction Site (IHSS 140) 

The Reactive Metal Destruction Site, also know as the Hazardous Disposal Area is located on the 
hillside south of the 903 Pad. This site was used during the 1950s and 1960s primarily for the 
destruction and disposal of lithium (Li) metal. Approximately 400 to 500 pounds of metallic Li 
were destroyed on the ground surface in this area and the residues, primarily nontoxic Li 
carbonate, were buried. Smaller unknown quantities of sodium (Na), calcium (Ca), magnesium 
(Mg), solvents and unknown liquids were also destroyed at this location. Additionally, nickel 
carbonyl and iron carbonyl were potentially disposed in this area in 1969 (Illsey, 1978). 
Historical references do not indicate the method by which constituents were destroyed at the ‘site. 

’ 

2.3 Americium Zone and OU 1 

The Americium Zone is identified as areas outside OU2 IHSSs which have been impacted by 
windblown contaminants. This area is located east and south of the 903 Lip Area. Surface soils 
in OU1 have been administratively included into the Buffer Zone OU and evaluated with surface 
soils in the 903 Lip Area and Americium Zone. 

2.4 Physical Characteristics of the Study Area 

The study area is located in the southeast portion of the Buffer Zone surrounding the WETS. 
Surfical geologic units within the study area include alluvial, hillslope, and anthro-pogenic 
deposits. The 903 Pad, Lip Area, and Reactive Metal Destruction Site are located on the Rocky 
Flats Alluvium. Artificial fill is present at the 903 Pad and Lip k e a .  The Americium Zone is 

I 

9 
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located within the Rocky Flats Alluvium and hillslope deposits. Geologic, hydrogeology and 
geochemisty of the study area may be found in numerous reports including: 

0 Final Phase I1 R F I R I  Report, 903 Pad, Mound, and East Trenches Area, Operable Unit No. 
2. (DOE, 1995). 
Geologic Characterization Report for the Rocky Flats Environmental Technology Site 
(EG&G, 1995) 
Groundwater Geochemistry Report of the Rocky Flats Environmental Technology Site 
(EG&G 1995) 
Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology Site 
(EG&G, 1995) 

e 

3.0 PREVIOUS INVESTIGATION RESULTS 

Numerous investigations into the extent of radiological contamination in surface and subsurface 
soils have been condudted at the 903 Pad and 903 Lip Area. These investigations include the 
original groundwater monitoring wells installed in 1968, pre-surface 903 Drum Storage Area 
plutonium survey (Owens, 1968), post-surface 903 Pad gamma surveys (Rutherford, 198 l), soil 
sampling beneath the 903 Pad (Stevens et. al., 1982), aerial radiological surveys (EG&G, 1989), 
ground radiological surveys (EG&G, 1990 & 1994), surface soil sampling, and subsurface soil 
sampling in support of the OU 2 RFI/RI (DOE, 1995) as well as recent samples to support the 
actinide migration studies. These investigations are discussed below. 

3.1 Surface Soil Investigations 

Numerous surface soils investigations have been conducted within the study area beginning 
shortly after the removal of drums at the 903 Pad in 1969. The following sections provide a 
description on surface soil investigations conducted in the area. 

3.1.1 Pre-903 Pad Plutonium Survey 

J. B. Owen’s (1 968) correspondence to J. Seastone, provided in Appendix A, documents the 
results of a 1968 survey into the plutonium contamination at the 903 Pad. The correspondence 
describes the techniques used, conditions in the area during the survey, survey results, and Health 
Physics’ recommendation for corrective action. 

As described in Owen’s correspondence, prior to the placement of the asphalt at the 903 Pad, a 
radiological survey was conducted which with readings taken on a 25-foot grid. The survey was 
conducted on relatively dry soils which were generally unvegetated inside the fenced area. 
Vegetation outside the fenced area was described as heavy and may have impacted the survey by 
preventing direct placement of the instrumentation on the ground surface. The correspondence 
states that the contamination was carried into the soil by a liquid and that the soil conditions 

’ 
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within the fenced area do not permit accurate penetration determination. However, “a spot 
survey in the southwest section indicated 60 micrograms (Pu) per square meter of pad area at a 
depth of 8 inches with no indication of having reached the limit of penetration”. 

For purposes of this data summary, these data are considered qualitative. Owens (1968) 
correspondence does not state’the specific instrumentation used to perform the survey. It does 
state that information used to convert the survey results to micrograms per square meter was 
obtained from the Emergency Radiation Monitoring Team Training Manual. A map presenting 
the results of the survey in micrograms per square is provided in Figure 3- 1 [from Owen’s 
( 1 968)]. 

3.1.2 Pre-Surfaced 903 Drum Storage Area Plutonium Survey 

Rutherford (1 98 1) re-evaluated the 1968 survey. He concluded the 1968 survey measured the 
plutonium activity for 2-ft diameter circle (field of view). A map presenting the results of the 
survey is provided in Figure 3.1, however, the 903 Pad storage fence and buildings were not 
included. The relative position of the survey and resulting isopleths cannot be determined 
,without review of the original map provided by Owen’s (1968) (Figure 3.1). 

3.1.3 Gamma-Ray Survey of Asphalt Pad 

Rutherford (1 98 1) also includes the results of a gamma survey conducted in 197 1 on the surface 
of the kphalt pad. Four areas of contamination spots were sampled for radiochemical analysis. 
The analytical results indicated that no vertical migration had taken place i d  that contamination 
was restricted to 0 - 20 cm (0-68 inches) depth interval or less below the original ground surface. 
Analytical results were not published in the report. The gamma survey results indicated that 
“except for several areas that were sufficiently high in radioktivity to distinguish from 
background, the survey in general could not distinguish between contamination under the pad 
and natural radioactivity in the asphalt”. A copy of the gamma survey map is provided as Figure 
3-3. 

3.1.4 

Numerous HPGe surveys have been conducted at the WETS to provide a baseline radionuclide 
activity in surface soils and to determine subsequent impacts on surface soils at the WETS. 
Summaries on the most recent HPGe surveys are provided below. These data provide the 
conceptual basis for assessing the volume of soil requiring remediation. 

High Purity Germanium (HPGe) Surveys 
L 

. .  
. . ,  

~ ... I- ’ 
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3.1.4.1 Aerial Radiological Survey of the US DOE'S Rocky Flats Plant - July 1989 

Allegations of a criticality accident at the site prompted an aerial HPGe radiological survey of 
the area in June of 1989 (EG&G, 1990). A series of parallel lines were flown over 48 square 
miles of the site. Specifically, the survey was oriented to cover the site and the natural drainage 
area leading away from the plant. The flights were conducted at an altitude of 150 fl above the 
ground surface with flight lines spaced 250 feet apart. 

The survey consisted of airborne measurements of both natural and man-made gamma radiation 
from the terrain in and around the plant. These measurements allowed an estimate of the 
distribution of isotope concentrations in the survey area. Results are reported as contour maps of 
total terrestrial exposure rate, man-made count rate, americium-24 1 count rate, and cesium-1 37 
count rate isopleths superimposed on aerial photographs of the area. The contours presented on 
maps represent concentration ranges of 0-50,50-120, 120-240,240-600,600-2,400,2,400-9,600, 
and 9,600-38,400 cpm. 

The americium-241 map (Figure 3-4) presents 50-120 cpm contour intervals for the 903 Pad. 
The contours sharply increase from the 903 Pad to the Lip Area where they increase to 
concentrations of 600 to 2400 cpm. These concentrations decrease from the Lip Area eastward 
to 240 -600 cpm in a small area adjacent to the 903 Lip Area perimeter road. Concentrations 
gradually decrease to 50 cpm to the east with three isolated areas with higher concentrations (50- 
120 cpm) present 3,000 feet east of the 903 Pad. 

Ground measurements were obtained at the same time as the aerial survey to correlate the two 
measurements. Ground measurements were obtained by either a truck mounted or a tripod 
mounted detector. In addition, s6il samples were collected and analyzed at each ground 
measurement location. The report states that an excellent comparison of the activity 
concentration existed between the three analyses (soil samples, in situ HPGe, and aerial HPGe). 

3.1.4.2 In-Situ Survey of the US DOE'S Rocky Flats Plant 

In 1990, an in-situ radiological survey was performed over WETS (EG&G, 199 1). The area east 
of the 903 Lip Area was surveyed fiom November 8 through December 8,1990. The survey was 
conducted utilizing a 20% N-type, HPGe gamma ray detector suspended 7.5 meters above 
ground surface. Measurements were obtained with a field of view with 150-foot centers. The 
results assume a homogeneous, three-dimensional distribution of the species within the soil 
matrix and averaged over the top 3 cm (1.2 in.) of soil. No soil samples were collected in 
support of this field effort. 

' 

The results, presented as isoconcentration contours, indicate americium-24 1 activities ranging 
from 1 pCi/g to 60 pCi/g adjacent to the road west of the 903 Lip Area. Figure 3-5 presents the 
map generated for the report. 
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3.1.4.3 1994 In-Situ HPGe Survey of the 903 Pad and 903 Lip Areas 

A truck-mounted HPGe survey was conducted in June 1994 (RMRS, 1996) over part of the 
Americium Zone east of the 903 Pad and over the 903 Lip Area. The survey measured the 
average activity of actinides over a specific field-of-view (FOV) of 150 feet in diameter. The 
survey identified 35 FOV locations, many which are contiguous, where estimated amerinium- 
241 activities were above 10 pCi/g (Figure 3-6). The HPGe survey of the area east of the 903 
Lip Area correlates very well with the HPGe survey conducted in 1990 by EG&G. This 
correlation was observed by comparing no concentration maps from Figure 3-5 with HPGe 
measurements presented in Figure 3-6. 

3.1.5 RFI/RI Surface Soil Investigations 

The CDH sample method involves collection of 25 group samples over a 2.5-or 10-area plot, 
with a sample depth of 0.64 cm. The 25 grab samples are composited for the plot. The RF 
sampling method collects a soil sample to 2 inches in depth. The RF sampling method involves 
the compositing of 10 grab samples collected over a 3 square meter area in the center of each 2.5- 
or 10-area plot. The RF method was conducted by collecting one composite sample at the center 
of each plot previously sampled using the CDH sampling method. Figure 3-7 illustrates how the 
samples are collected for each of the two methodologies. 

Investigations for the OU 2 Phase I1 W I R I  and OU 1 Phase I11 RFIRI included collection of 
surface soils from the study area. The OU 2 Phase I1 RFIRI included the collection of surface 
soils from 1 18 plots and 26 soil profile pits. Surface soil samples fiom plots were collected 
utilizing both the CDH and RF methods. Soil profile pits were sampled using a trenching 
method. 

Surface soil samples were collected from 34 plots for the OU 1 Phase I11 FZFI/RI. The samples 
were collected utilizing a modified RF method. The modification included the compositing of RF 
samples collected at five locations within each selected plot. 

Surface and subsurface soil radiological data were evaluated according to Procedure 2-G32-ER- 
ADM-08.02, Evaluation of ERM Data for Usability in Final Reports. The procedure is based on 
the relationship of data to the data quality objectives. This evaluation determines the adequacy 
of radiochemistry data for use in environmental decision making. Numerous data were deleted 
fiom the data set based on this evaluation. Appendix B provides the draft report presenting the 
results of the usability evaluation (RMRS, 1997). 

Surface soil contamination levels were compared against RFCA Tier I soil action levels to 
establish an estimate on the areal extent of contaminated soils requiring remediation. This 
scenario assumes an annual radiation dose of 85 millirem (mrem). If a mixture of radionuclide 
contaminants a, b, c are present in the soil in the activities 4, a,,, and a, and if the applicable 
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Uranium-234 
Uranium-23 5 
Uranium-23 8 

action level of radionuclide in soil, as stated in RFCA, is A,, A,, and A, respectively, then the 
activity in the soil shall be limited so that the following relationship exists: 

~ - 
1738 
135 
586 

(eq. 2.1) 

If the sum of ratios, as calculated in the equation 2.1 , exceeds 1, this will trigger an evaluation, 
remedial action, and/or management action. 

Table 3-  1 presents the RFCA Tier I action levels for specific radionuclides using the Buffer Zone 
hypothetical resident scenario. 

TABLE3-1 

RFCA ALF TIER I SOIL ACTION LEVELS - RADIONUCLIDES 

I 1429 I 

3.1.5.1 

The CDH sampling method was conducted to determine the spatial extent of radiological 
contamination within OU 1 and OU 2. Four 2.5-acre plots (Plots 21,22,30, and 31) and seven 
10-acre plots (Plots 0, 1 ,3  ,4, 10, 11,and 23) were sampled in support of the OU 1 Phase I11 
RFI/RI (DOE, 1994). The remaining 107 plots were sampled in support of the QU 2 Phase I1 
RFI/RI (DOE, 1995). Figure 3-8 provides the locations of the plots sampled in support of these 
programs. a 

CDH Sampling Method - Spatial ExtentjFate and Transport Study 

These data were summarized in Litaor (1 995a). Isopleth maps were generated for plutonium- 
239/240 and americium-241fiom these data. Litaor (1995b) also evaluated isotopic uranium data 
generated fiom this investigation. Most of the observed activities of U-234 and U-235 were well 
within the natural range of U isotopes in soils. Uranium-238 exhibited a pattern of localized 
spatial distribution, however, most of the observed activity was well within the natural range of 
U-238 activity in soils. 

Table 3-2 provides analytical results for radionuclides from the OU 2 Phase I1 RFvRl and RFCA 
Tier I ratios and sum of ratios for the samples collected using the CDH sampling method. The 
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results indicate that the sum of ratios for radionuclides from two 2.5 acre areas, Plots 28 and 34, 
exceed RFCA Tier I action levels. Based on the nature of the sampling method, the analytical 
results represent the physical average of radionuclides in the respective plot. Figure 3-9 provides 
the locations of plots exceeding RFCA Tier I action levels for radionuclides. 

3.1 S.2 RF Sampling Method - Spatial ExtenVFate and Transport Study 

A comparative study was conducted to assess actinide activity using the CDH and RF sampling 
methods. This included the sampling of 1 18 plots identified in the OU 2 Phase I1 RFI/RI report 
using the RF sampling method. However, only data from 107 plots were available. 

Plutonium-239/240 data from 103 plots and americium-241 data from 93 plots were determined 
to be useable based on an evaluation of radiological data (Appendix B). It was determined that 
differences in radionuclide results determined from the CDH sampling and RF sampling methods 
were not statistically significant (Litaor, unpublished). 

Table 3-3 provides analytical results for radionuclides and RFCA Tier I ratios and sum of ratios 
for samples collected for the RF sampling program. The surface soil results indicate that the sum 
of ratios for radionuclides from three 2.5 acre areas, Plots 29, 36, and 46, exceed RFCA Tier I 
action levels. Based on the nature of the sampling method, the analytical results represent the 
physical average of radionuclides over the area sampled or 3 square meters at the center of each 
plot. Figure 3-10 provides the sample locations using the RF sampling method exceeding the 
RFCA Tier I surface soil action levels. 

3.1.5.3 

An additional investigation was conducted to &sess the potential human health risks associated 
with exposure to OU 2 surface soils. This investigation was designed to evaluate the nature and 
extent of non-radioactive contamination (SVOCs, metals, and pesticidesRCBs) as well as 
radioactive contamination, excluding americium-24 1, plutonium-239/240, and uranium-isotopes. 
Radionuclides analyzed for this investigation include cesium-1 34, -1 37, gross alpha, gross beta, 
radium-226, radium-228, and strontium-89, -90. 

The OU 2 study area was divided into 9,126 contiguous 50 feet by 100 feet plots. Forty plots 
were systematically selected for sampling. Six of the forty were bizised plots selected for 
sampling because they were located within IHSSs potentially containing contaminated surface 
soils. The remaining 34 plots were evenly spaced throughout the OU 2 area. One composite 
sample was collected from each of the plots using a modification of the RF method. The 
locations of the soil samples collected in support of the human health risk assessment study are 
provided in Figure 3-1 1. 

OU 2 Modified RF Sampling Method - Human Health Risk Assessment Study 

L 

1 Non-radiological compounds in surface soils were found to be less than the Tier I action levels 
and therefore do not require any action under RFCA. 
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3.1.5.4 OU 2 Soil Profile Sampling Program 

Twenty-six soil profile pits were excavated and sampled to determine actinide distribution, fate 
and transport in soil for the OU 2 Phase I1 RFURI. Figure 3-12 provides the pit sample locations. 
Ten soil samples were collected per pit for the following depth intervals (in cm): 0-3, 3-6, 6-9, 
9-12, 12-1 8, 18-24, 24-36,36-48,48-72 and 72-96. (Per RFCA, the top 6 inches (15.24 cm) is 
considered surface soil.) Samples were analyzed for plutonium-239/240, americium-24 1 and 
uranium-233/234, -235, and -238. More than 90% of the plutonium-239/240 and americium-241 
activities were confined to the upper 12 cm of the soil, regardless of the soil characteristics or 
distance and direction from the source (Litaor et. al., 1994). 

Table 3-4 provides analytical results for soil profile radionuclides and RFCA Tier I ratios and 
sum of ratios for samples collected from these pits. The soil sample results indicate that only 
samples from Pit TR 08 exceed RFCA Tier I action levels sum of ratios for radionuclides to a 
depth of 27 cm (10.68 in.). Table 3-5 provides the sum of ratios for radionuclide samples 
collected from Pit TR08. Pit TR08 is located in Plot 28 where CDH samples exceed Tier I soil 
action levels. Samples collected from Pit TR06 (Figure 3-12) exceeded DOT shipping 
restrictions and were not analyzed. Pit TR06 is also located in Plot 28. It is assumed that 
radiological contaminants exceed Tier I action levels below the surface soil level of 15 cm at this 
location due to its exceedance of the DOT shipping restrictions. 

TABLE3-5 

SOIL PROFILE PIT TROS 
WCA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

TR08 
TR08 
TR08 
TR08 
TR08 ' 
TR08 
TR08 
TR08 
TR08 

3-6 
6-9 
9-1 2 
15-21 
21-27 
33-39 
45-51 
69-75 
93-99 

TR00331 WCU2 
TR00330WCU2 
TR00329WCU2 
TR00328WCU2 
TR00327WCU2 
TR00326WCU2 
TR00325WCU2 
TR00324WCU2 
TR00323WCU2 

3.2948 
3.2540 
7.6719 
2.0584 
2.2325 
0.41 19 
0.0165 
0.0013 
0.0099 
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3.1 S . 5  OU 1 Surface Soil Sampling Program 

In addition to the 1 1  plot samples collected in OU 1 during the OU 2 Phase I1 RFIM field effort, 
surface soil samples were collected for the OU 1 RFI/RI. The OU 1 Phase 111 RFI/RI Surface 
Soil Sampling Program was designed to determine the nature and extent of contamination and 
assess potential human health risks from exposure to the soils. Samples were collected over a 
grid covering approximately 52 acres. The OU 1 area was divided into 450, 50- by 1 00-foot 
contiguous rectangle plots, which were sequentially numbered. Twenty-four of the plots were 
selected for sampling using a random number generating process. Four additional sampling 
locations were also selected to characterize IHSSs 106, 130, 1 19.1 and 1 19.2. 

I 

The samples were collected utilizing the RF sampling method (Explained in Section 3.1 S). 
Table 3-6 provides analytical results, RFCA Tier I values and sums of ratios for samples 
collected for this program. Figure 3-13 provides the locations of the soil sampling plots. 

3.1.6 Ongoing Surface Soil Investigations 

RFCA sets forth action levels and standards which incorporate land- and water-use controls in 
WETS cleanup decisions. The soil action levels are calculated using a radiation dose limits 
based upon certain land use restrictions. The soil action levels were not intended to consider the 
transport of soil containing actinides to surface water. RFCA states that the protection of surface 
water usage with respect to long-term Site condition will be the basis for making soil and 
groundwater remediation and management decisions. Therefore, it is necessary to develop a 
conceptual model to better understand the relationship of the actinide levels in soils and the 
effect of remedial activities on the long-term protectiveness of surface water quality. 

In 1996 the Actinide Migration Expert Panel was formed to review existing data on actinide 
migration at WETS and make recommendations for future work. Their recommendations 
included activities to: 

1) Develop a conceptual model for actinide transport, based on a thorough understanding of 

2) Investigate the long-term impacts of actinide geochemistry mobility on remedial 

3) Evaluate the protectiveness of the RFCA soil action levels to surface water quality. 

chemical and physical processes; 

requirements; and 

In June 1997 the Actinide Migration Expert Panel collected 6 surface and subsurface soil 
samples located in Plot 34 (Figure 3-8). The purpose of the investigation was to provide 
preliminary plutonium phase speciation and soil distribution coefficients 06) values for 903 Pad 
area soils. A final report is to be delivered to Kaiser-Hill by September 30, 1997. 

I 
_ . . '  . 
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3.2 Subsurface Soils Investigation 

Surface 
0.46 
0.61 
0.56 
0.66 
0.61 
0.61 

Subsurface soils are defined in RFCA as soils deeper than six inches below the ground surface. 
Subsurface soils were investigated through soil gas surveys, borehole sampling programs, and 
soil pit investigations. 

1 1,900 
940 

1,400 
8,000 
4,500 

14,000 
17,000 

3.2.1 Initial Testing of Pilot Scale Equipment for Soil Decontamination Proiect 

5,360 
423 
631 

3,604 
2,045 
6,306 
7,658 

This report provided data identifying radioactive contamination, specifically plutonium-239 and 
americium-24 1, beneath the 903 Pad. Six samples were collected under the 903 Pad, identified 
as P-1 through P-6. The locations of these samples, provided by Rockwell (1977), are presented 
in Figure 3-14. The samples were collected to a depth required to reach a soil activity 1250 
d p d g  as detected by field instrumentation and may represent the vertical extent of radioactive 
contamination beneath the 903 Pad. The results were compared to RFCA Tier I action levels. 
Results of the sample analyses and Tier I sum of ratios are provided in Table 3-7. 

1,400 636 6.71 
620 279 1.59 

1,100 495 2.74 
1,000 450 L 4.62 
4,200 1,892 10.23 
4,100 1,846 13.00 
5,000 2,252 15.83 

Two additional samples, Samples A and B, were taken adjacent to the southeast comer of the 903 
Pad in windblown soil material prior to the placement of the asphalt cap. However, exact 
locations of these samples has not been determined. 

TABLE3-7 

SOIL DECONTAMINATION SAMPLING PROGRAM 
RFCA TIER I SUM OF RATIOS COMPARISION - RADIONUCLIDES 

B 
P- 1 
P-2 
P-3 
P-4 
P-5 
P-6 

Below top of asp1 
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3.2.2 RFI/RI Subsurface Soil Investigations 

The OU 2 Phase I & I1 RFI/RI investigation included the completion of a number of boreholes 
and soil profile pits. The following sections provide the results of these subsurface 
investigations. 

The OU 2 Phase I RFI/RI field program was completed in 1987 and a Draft Remedial 
Investigation Report for 903 Pad, Mound, and East Trenches Area (Rockwell International, 
1987) was submitted to the EPA and CDH in December of 1987. Soil samples were collected for 
two-foot intervals from a total of 33 boreholes to evaluate the nature and extent of soil 
contamination. No surficial(0-6 in.) soil samples were collected in support of this investigation. 
The Phase I RFI/RI field investigation lead to the general conclusions that VOC and radionuclide 
contamination exists in soil, surface water, groundwater, and sediments around several IHSSs, 
but the distribution and magnitude of the contamination needed to be better delineated. 

The OU 2 Phase I1 RFI/RI investigation involved collecting additional borehole samples, surface 
soil samples and installing groundwater monitoring wells. The following discusses the results of 
the Phase I and I1 WIN in relation to the study area. 

3.2.2.1 Borehole Programs 

903 Pad - Seven source boreholes (Figure 3- 15) (0669 1 , 0869 1 , 0879 1 , 0889 1 , 0899 1 , 0909 1 , 
and 09191) were installed at the 903 Pad in support of the OU 2 Phase I1 WIN. Analytical data 
from samples collected from these borings was compared to RFCA action levels. The sum of 
ratios for radionuclide results indicate that all sample results were below the RFCA Tier I action 
levels. Table 3-8 provides the sum of ratio values f6r borehole samples collected in support of 
the OU 2 Phase I1 WIN. No VOC koncentrations above the RFCA Tier I action levels were 
detected. 

903 Lip Area - Fifteen source boreholes and three additional boreholes for installation on 
groundwa’ter plume characterization wells (00 19 1,0659 1,0679 1 , 0689 1,0699 1,0709 1,07 19 1, 
07291,07391,09391,09591,13091,34591,34791, BH2287, BH2387, BH2487, BH3087) were 
installed in the 903 Lip Area (DOE, 1995). Data werk available fiom WEDS on all samples 
collected fiom these boreholes with the exception of boreholes 00 19 1,3459 1, and 3479 1. 
Radiological results from boreholes 0939 1 and 0959 1 were rejected during validation and, 
therefore, eliminated fiom the data summary database. The useable sample results were 
compared to RFCA Tier I action level and the sum of ratios for radionuclides were calculated. 

I No sample sum of ratios for radionuclides exceed the Tier I action levels. 

Reactive Metal Destruction (ZHSS 140) - Nine source boreholes (07491,0759 1,0769 1,099 1, 
09791,12791, BH2687, BH2787, BH2887) were completed. Data from these boreholes were 
compared to the RFCA Tier I action levels for radionuclides. The comparison results indicated 
that no samples exceed the action levels for radionuclides. 

I 

I 
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903 Pad Source Area (Western Portion) (Americium Zone) - Seventeen boreholes (0029 1 ,  
00391,00491,00591,00691,00791,00991,01091,01191,01291,05991, 11791, 12991, 13591, 
2079 1, B3 15289, BH2987) were completed in the area east of the 903 Pad. These borehole 
locations are primarily east and south of the 903 Pad on the south-facing slope of the Woman 
Creek drainage. However, radiological soil sample results from only three locations 0029 1 ,  
BH2987, and B3 15289 were available. RFCA Tier I comparisons indicate that no subsurface 
soil samples from these boreholes exceed the action levels. 

3.2.2.2 OU 2 Soil Profile SamplinP Program 

Soil Profile (Pits 1-26) Sampling Program - The soil profile sampling program was conducted 
in support of the investigations of actinide distribution, fate and transport in soil for the OU 2 
Phase I1 FWI/RI. Ten soil samples were collected at predetermined intervals to a depth of 1 
meter at all locations. Soil profile sampling has been previously discussed in the surface soil 
section above. Samples from only one location, Pit TR08, exceed RFCA Tier I action levels to a 
depth of 27 cm (1 0.68 in.). This pit is located in Plot 28, also identified as exceeding Tier I soil 
action levels based on the CDH sampling program. In addition, samples collected from Pit TR06 
exceed DOT shipping restrictions and were not analyzed. Pit TR06 is also located along the 
western edge Plot 28. Figure 3-12 provides the pit sample locations exceeding the RFCA Tier I 
surface soil action levels. 

3.2.3 OU 2 Soil Vapor Survey 

A soil gas-study (DOE, 1994) was conducted in May/June 1993 to locate high VOC 
concentrations in the subsurface soil for the OU 2 soil vapor extraction project. The soil gas 
survey sampled areas where aerial photos taken prior to capping of the 903 Pad showed stained 
soils. 

' 

The soil gas survey consisted of 71 samples collected at a depth of 5 feet bgs during the summer 
of 1993 and one location sampled at a depth of 10 feet bgs in January 1994. The samples were 
collected arid analyzed using portable gas chromatography. The survey observed the highest 
concentrations immediately south of the southeast corner of the 903 Pad, at 27,000 ugA 
tetrachloroethene at a depth of five feet. However, at the adjacent soil gas locations and 
subsequently completed boreholes, tetrachloroethene was either not detected or detected at very 
low concentrations. Soil gas concentrations for the rest of the 903 Pad ranged fiom 0 to 500 ug/l 
with the next highest concentrations near boreholes 08891 and 08691 (see Figure 3-16). 
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3.3 Groundwater 

Groundwater results are used to confirm the radiological & VOC contaminated areas and are 
available beginning in 1975. The Site groundwater monitoring program continues to monitor 
numerous wells within the study area. Results from groundwater monitoring programs are 
provided below. 

3.3.1 Original Groundwater Monitoring Wells 

Four groundwater monitoring wells were installed at each corner of the 903 Pad in 1968. The 

groundwater. Yoder (198 1) provides radioactivity data on these wells semi-wually from May 
1975 to March 1981. These data indicate all wells were dry during this time period with the 
exception of wells 0 168 and 0268 for the April 1980 sampling event. Groundwater samples from 
both wells were below the detection limits (shown in parentheses) for plutionium-239/240 (0.04 
pCi/L), americium-24 1 (0.9 pCi/L) and total uranium (0.07 pCi/L). Tritium was detected at 
1,400 pCi/L in well 0168 and at 80 pCiL in well 0268. 

wells were installed above the water table at the site and reportedly seldom encountered ,-- 

3.3.2 Groundwater Contamination 

High concentrations of VOCs are present in groundwater samples collected from wells at the 903 
Pad. Concentrations up to 10 percent of the pure phase solubility of these compounds and 
substantially above RFCA Tier I action levels for groundwater were detected. The EPA (1 992) 
provides guidance in Estimating Potential for Occurrence of Dense Non Aqueous Phase Liquids 
(DNAPL) at Superfund sites for determining the likelihood of DNAPL at a site. Based on the 
conditions of historical site use and characterization data, there is a high potential for DNAPL at 
the 903 Pad site. 

A VOC-contaminated groundwater plume extends from the 903 Pad area to the east. The highest 
concentrations are found in groundwater samples collected from wells 06691 and 08891 located 
on the asphalt portion of the 903 Pad (Figure 3-1 5). Table 3-9 provides analytical results of 
groundwater samples collected fiom wells in the 903 Pad area. Concentrations of contaminants 
in groundwater drop rapidly east of the 903 Pad area. The primary groundwater contaminant in 
well 06691 is carbon tetrachloride and concentrations have ranged from 51 to 100,000 ppb. Also 
present are methylene chloride (150 to 35,000 ppb) and chloroform (92 to 49,000 ppb). 
Groundwater sample results for well 0889 1 indicate the primary contaminant as tetrachloroethene 
at concentrations ranging fiom 470 to 20,000 ppb, along with carbon tetrachloride (290 to 17,000 
ppb), cis-l,2,dichloroethene (94 to 2,900 ppb) and trichloroethene (210 to 4,600 ppb). The next 
highest concentration of carbon tetrachloride in groundwater is found in samples collected from 
well 13 19 1 , which is located west of the well 0669 1 and off the western edge of the 903 Pad. At 
this location, observed carbon tetrachloride levels ranged from 122 to 4,800 ppb. 

. .  
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Radionuclide contamination in groundwater was analyzed from 199 1 to 1995 for the 
groundwater monitoring wells identified as containing VOC contamination discussed above. 
Groundwater analytical data indicates that one well, 09091 located on the 903 Pad, contains 
americium and plutonium activity in excess of Tier I action levels for groundwater. This well 
contains groundwater with maximum activities of 46.54 pCi/L of plutonium-239/240 and 354.6 
pCi/L of americium-24 1. No groundwater collected over this period detected any uranium- 
isotope in excess of its respective background activity. Table 3- 10 provides analytical data for 
radionuclides in groundwater samples with detections above Tier I1 action levels. 

3.4 Previous Remedial Actions 

3.4.1 Surface Soils 

Surface soil remedial actions have taken place at the site beginning in 1968 with the regrading 
(removal) of contaminated soils from outside the 903 Drum Storage Area. Surface soil removal 
actions have also taken place in 1976, 1978, 1984, and 1995. The following sections provide 
summaries on previous removal actions within the study area. 

3.4.1.1 Initial Remedial Actions 

Frieberg (1 970) provides a chronology of the initial remedial actions taken at the 903 D m  
Storage Area. The correspondence (Appendix C) provides the following information: 

Date 

July 1968 

October I968 

November I968 

January 1969 
February 1969 
April 1969 

May 1969 

Activitv 

A survey was conducted of the plutonium co'ntamination on the surface of 
the soil in the 903 Area. The results of the survey and the Health Physics' 
recommendations for the containment of the contamination were sent to 
Division Services, Manufacturing and Facilities. 
Wee& and vegetation were burned oflthe 903 drum storage area in 
preparation of applying an asphalt cap. 
Grading of slightly contaminated soils outside the hot fence yas conducted 
in preparation to applying an asphalt cap over the area. This work 
consisted of moving the slightly contaminated soils outside the fence into the 
fenced area in preparation of the cap. 
The hot fence was packaged and shipped as waste. 
Three more waste crates were packaged and shippedfiom the 903 Area. 
Two highly contaminated fork lfls were placed into wooden crates and 
shipped as hot waste. 
33 drums of contaminated rocks were removedfiom the 903Area and 
discarded as hot waste. Building 904 was decontaminated and removed to 
a location east of the Fire Barn. The road grader used to move 
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contaminated soils was decontaminated and released to surplus. 
Building 903 was moved to a location immediately east of Building 666. 
The base course material overlay, the soil sterilant, and the asphalt primer 
cat were completed for the 903 containment barrier (cap). 
The asphalt cap was applied. 
The four groundwater monitoring wells were installed. 
Operations were initiated to apply additional311 over the surrounding area 
directly east of the 903 Pad due to soil contamination. 
Additional fill operations were completed. 
As of April 3, no water was detected in any of the wells installed. 

July 1969 
September I969 

October 1969 
November I969 
February I970 

March I970 
April I970 

This correspondence confirms that contaminated soils outside the 903 Drum Storage Area fence 
were graded into the fenced area prior to the application of the asphalt of the 903 Pad. In 
addition, the correspondence states that the contaminated area east of the 903 Pad, was covered 
with a base coarse material. 

3.4.1.2 1975 Remediation Effort at the 903 Lip Area 

In 1973, an aerial radiological survey detected radiological concentrations in the 903 Lip Area 
that were greater than 2,000 counts per minute (cpm). On May 13 and 14, 1975 personnel 
excavated two trenches in the 903 Lip Area as a pilot scale test for soil removal techniques 
(Barker, ’1 982). The locations of these trenches and depths of the excavations was not described. 
Eight 55-gallon drums of soil were removed from the 903 Lip Area. Ambient air monitoring 
during excavation did nQt detect plutonim in concentrations that would endanger onsite 
workers, the public, or the’environment. Based on the results of this removal effort, a plan for 
removing the plutonium contamination from the 903 Lip Area was developed and work 
commenced the summer of 1976. 

3.4.1.3 Removal of Plutonium-Contaminated Soil from the 903 LiD Area DurinP 1976 
,and 1978 

In 1976, approximately 113.3 cubic meters (4,000 cubic feet) of soil were removed from within 
the 903 Lip Area (Barker, 1982). The removal operation was conducted within a 8 foot by 16 
foot floorless metal building equipped with a high efficiency particulate air (HEPA) filter. 
Contaminated soil was hand excavated from one small area at a time and placed in plastic bags. 
The bags were placed in full crates for off site shipment and disposal. The excavated area was 
surveyed with a Field Instrument for the Detection of Low Energy Radiation (FIDLER). The 
process was repeated until contamination levels were below the “detection limit” of the FIDLER 
(-250 cpm in the Lip Area). The excavated area was covered with clean topsoil and re-seeded 

: with native grasses. 
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Soil removal activities were conducted again in 1978 when an estimated 4,000 square meters 
(43,000 square feet) of soil that exceeded 2,000 cpm was removed to a depth of approximately 
3.5 cm (1.4 in.). This effort utilized heavy equipment including a front end loader, grader and 
bulldozer. Hand digging was only conducted in areas that were inaccessible to heavy equipment. 
Prior to excavating soils the area was premoistened by a sprinkler system for three days. A 
moisture content of 15% was required prior to excavation activities to prevent dust generation. 
The report states that all soils in excess of 2,000 cpm, as determined by the FIDLER, were 
removed. Excavated areas were resurveyed and soil was removed until background (-250 cpm 
as determined by the FIDLER) was reached. All waste was packaged and shipped to the Nevada 
Test Site. The excavated area was backfilled and revegetated. Figure 3- 17 provides the locations 
of areas where soil removal activities have completed under these remedial efforts. 

3.4.1.4 1984 Inner East Gate Soil Removal Project . 

Anomalous results were being recorded in air monitors, S7, S8, and S9, positioned along the 
fence. A dust suppressant was placed on the ground to determine if the anomalies were a result 
of the resuspension of soil. The air monitor results dropped after the placement of the 
suppressant, and a removal action was implemented. In 1984, soil cleanup was performed along 
the eastern edge of the 903 Lip Area parallel to the fence (Setlock, 1984). Soils were removed 8 
to 10 feet on either side of the fence line from the previous inner east gate to 30 or 40 feet south 
of air sampler S-9, the southernmost air sampler. Soil was removed to a depth of one to two feet 
and the excavation was backfilled with clean topsoil. A total of 214 tri-wall pallets of 
contaminated soil was removed from the area. 

3.4.1.5 

While not related to the 903 Pad contamination source, an accelerated action for the removal of 
radionuclide-contaminated soils (hot spots) was conducted at six specific locations within OU 1 
(DOE, 1995). The hot spots were localized, shallow, contaminated soils that contained 
substantial activities of either plutonium/americiurn or uranium, as well as trace amounts of 
organic compounds related to drum storage in IHSS 1 19.1. The Accelerated Response Action 
included excavating, containerizing, storing and disposing of the contaminated soils from the hot 
spots. Twenty-one 55-gallon drums of radionuclide-contaminated soils were removed under this 
action. The soils were transported and disposed off site. Figure 3- 18 provides the locations of 
soil samples which identified hot spots in OU 1. 

Accelerated ResDonse Action Completion Report, Hot Spot Removal, OU 1 

3.4.1.6 Subsurface Soils 

Ryan’s Pit (IHSS 109) - Ryan’s Pit was used from approximately 1966 to 1970 for the disposal 
of VOCs and small quantities of debris (e.g. drum carcasses). While the contamination is not 
associated with the contamination source at the 903 Pad. Figure 3-19 provides the location of 
Ryan’s Pit in relation to the 903 Pad. It is located within the 903 Lip Area. The pit measures 
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approximately 32 feet long and 18 feet wide. Results of previous environmental investigations 
identified the pit as a significant contributor to the degradation of groundwater in the area. 

In July of 1995, a source removal action was initiated at Ryan’s Pit which included the 
excavation and treatment of VOC contaminated soil. Approximately 180 cubic yards of 
contaminated soils and debris were excavated and placed in nine roll-off containers (RMRS, 
1996). An additional roll-off container was filled with topsoil scraped off the surface prior to the 
start of excavation activities. These soils were, treated using a low temperature thermal 
desorption unit. The removal action was conducted prior to the implementation of RFCA, 
however, the treated soils were below RFCA Tier I1 action levels for radionuclides and below 
programmatic risk-based preliminary remediation goals (PPRGs) which were based on the 
construction worker, subsurface soil scenario. 

4.0 SOIL REMEDIATION VOLUME ESTIMATE - 

All available surface soil contamination data were compared against RFCA Tier I soil action 
levels for the Buffer Zone (hypothetical resident) to establish an estimate on the areal extent of 
remaining contaminated soils requiring remediation. This scenario assumes an annual radiation 
dose of 85 millirem (mrem). Table 3-1 provides the Tier I action levels for the Buffer Zone 
hypothetical resident scenario. Figure 3-9 and 3-10 identify those areas that exceed the Tier I 
action levels. 

4.1 903 Pad Drum Storage Site 

It is anticipated that the 903 Pad Drum Storage Site will be remediated to prevent potential future 
surface erosion and transport of contaminated soils from beneath the pad. The volume of . 
contaminated soil beneath the 903 Pad, as well as the volume of the asphalt pad itself, were 
estimated. During initial remedial actions at the 903 Pad Drum Storage Site, approximately 20 
cm of clean fill and a layer of asphalt were placed over contaminated soils. Although the 20 cm 
of fill may not be entirely contaminated, the entire volume is suspect and will require screening if 
excavated. In addition, data collected beneath the 903 Pad indicate radionuclide contamination 
above 250 dpm to a depth of 66 cm. Assuming an excavation depth of 66 cm (26 in), the volume 
of radionuclide contaminated soil material to be remediated from beneath the 903 Pad (asphalt) is 
estimated at 1 1,880 cubic yards. This estimate is based on excavating soil materials beneath the 
cap (3.4 acres) to a depth of 66 cm (26 in). 

1 

The volume of VOC contaminated soil requiring remediation beneath the 903 Pad is estimated at 
13,300 cubic yards. This volume is based on data from groundwater monitoring wells, and is 
estimated as an area 235 feet long, 85 feet wide, and 20 feet deep requiring treatment. The 
volume calculation excludes the top 2 feet of material. 
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Assuming an asphalt thickness of 3 inches and a surface area of 3.4 acres, 1,370 cubic yards of 
asphalt pad will require disposal. The total estimated volume of soil and asphalt material 
requiring remediation within the 903 Pad area is 26,550 yd3 (Table 4-1). 

. -  

903 Pad (Soils) 3.4 13,300 1 1,880 
903 LiD Area 4.4 0 7.100 

TABLE 4-1 
VOLUME OF IN SITU SOIL/ASPHALT 

EXCEEDING RFCA TIER I ACTION LEVELS 

25,l 80 
7.100 

4.2 903 Lip Area 

Within the 903 Lip Area, approximately 4.4 acres require remediation based upon the Tier I 
,action levels for the Buffer Zone. CDH sampling results for Plot 28 (2.5 acres) exceeded Tier I 
action levels. Seventy-five percent (1.9 acres) of Plot 29 lies within the 903 Lip Area. Plot 29 
was identified as exceeding Tier I action levels for radionuclides from RF sampling method 
results. Further field screening would be required to M e r  refine the volume of soils requiring 
remediation. For the purposes of this summary it was assumed that the entire plot exceeded the 
Tier I action level and requires remedial action. 

During initial remedial actions at the 903 Lip Area, an undetermined atnount of imported base 
coarse material was placed over contaminated surface soils. In an effort to determine the depth 
of the fill material, soil profile descriptions from soil profile pits TR06, TR07, and TR08 were 
examined. These pits were excavated in the 903 Lip Area. Based on the profile data, there is .8 
to 5” of fill material present in the 903 Lip Area. The log of TR06 indicated that the A soil 
horizon, 0-2 cm (0.8 in) was deposited as part of the remedial activities in 1969. The C horizon 
is described as a loose sandy loam and is interpreted to be natural soils. The log describing TR07 
soils states that the topsoil was removed and backfilled with a sandy material. The log describes 
the A soil horizon, 0-2 cm (0-0.8 in), and C soil horizon, 2-1 3 cm (0.8-5.1 in.) as loose sand. 
This sand is interpreted to represent fill which is present to a depth of 5 inches at this location. 

I 
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The CDH and RF soil sampling methods collect samples 0.64 inches and 2 inches in depth, 
respectively. Surficial soil samples previously collected within the 903 Lip Area were composed 
of the fil l  material used to cover the contaminated soil surface, leaving the contaminated surface 
uncharacterized. However, fill materials at TR08 have been contaminated by radionuclides 
based on the fact the top 27 cm (1 1 in) of soil, which includes the fill material, exceed Tier I 
action levels at this location. The fill material may have been contaminated by winds blowing 
contaminated soils back toward the pad from adjacent Plot 34 or by reworking of soils. Plot 34 
was identified as exceeding Tier I action levels based on the OU 2 CDH sampling program. 

The results of the soil investigations indicate that outside the 903 Pad Drum Storage Site, over 90 
percent of the plutonium-239/240 and americium-24 1 contamination is confined to the upper 1 5 
cm (6 in) of soils. Soil sample results at soil profile pit TR08, located in the 903 Lip Area, 
indicate the depth of contamination above Tier I action levels from the ground surface to 27 cm 
(1 1 in). Numerous large cobbles and small boulders are present in the Rocky Flats Alluvium and 
excavation of surface soils is expected to be difficult. Therefore, a 12 in (1 ft) excavation depth 
was assumed as the extent to which soils will be remediated. Using this excavation depth, an 
estimated total volume of 7,100 cubic yards of contaminated surface soils would require 
remediation for the 4.4 acres exceeding the action level. 

4.3 Americium Zone 

A total of 8.1 acres have been preliminarily identified outside the 903 Pad and 903 Lip Area 
requiring remediation. CDH sampling results for Plot 34 exceed Tier I action levels. The RF 
sampling mithod results identified Plots 46 and 36 as exceeding Tier I action levels. Twenty- 
five percent (0.63 acres) of Plot 29 lies within the Americium Zone. As discussed above, the fact 
that the Rocky Flats sampling methodology only addressed a 3 square meter plot within the 2.5- 
acre plots. Therefore, further field screening would be required to refine the volume of soil 
requiring remediation. For the purposes of this document it was assumed that the entire plot 
exceeded the Tier I action level and requires remedial action. Assuming a 12 in depth for the 
excavation, a total of 13,068 'cubic yards of material will be excavated from the area. 

The total estimated volume of contaminated surface soil requiring remediation is 46,7 1 8 cubic 
yards. This volume estimate was rounded up to 47,000 cubic yards for use in the evaluation of 
remediation process options and alternatives. Table 4-1 presents the location and volumes of 
soils requiring remediation. 
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TABLE3-2 
SURFACE SOILS OU 2 PHASE I1 RFURI 

CDH SAMPLING METHOD 
RFCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

PTOOl 
PT002 
PT003 
PT004 
PT005 
PT006 
PT007 
PT008 
PT009 
PTOlO 
PTOl 1 
PTOl2 
PTOl3 
PTO 14 
PTOl5 
PTOl6 
PTOl7 
PTOl8 
PTOl9 
PT020 
PT02 1 
PT022 
PT023 
PT024 
PT025 
PT026 
PT027 
PT028 
PT029 
PT030 
PT031 
PT032 
PT033 
PT034 
PT035 
PT036 
PT037 
PT038 
PT039 
PT040 

LPT04 1 

0.0692 
NS 
0.2298 

' 0.1217 
0.071 0 
0.1840 

NS 
NS 
NS 
0.61 83 
0,0643 
0.0870 
0.1100 

2.2550 
6.0650 

NS 
NS 
12.51 00 
35.3280 
19.3220 
1.8550 
0.2567 
0.1220 
0.2710 
1.3550 
9.3690 

270.4000 
89.51 00 
27.6600 

3.4140 
5.5560 

15.8200 
164.1000 
66.3000 
14.7360 
3.8560 
0.6400 
0.2830 
0.1 500 

NS 

0.4682 

1.3100 
0.7238 
0.2900 
0.9090 

NS 

NS 
NS 
NS 

3.8830 
0.451 7 
0.3970 
0.1870 

NS 
11.6400 
46.71 70 

. NS 
NS 
81.6500 

1 18.8550 
64.9660 
15.1600 
1.71 80 
1.2370 
1.2590 
57320 

52.3900 
1453;OOOO 
507.6000 
167.1 000 
23.3900 
22.9710 

138.8330 
961.6000 
296.6000 
95.8330 
27.2680 

3.7880 
1.3910 
0.791 0 

1.3700 

1.3380 
1.1380 
1.2000 
1.0500 

NS 

NS 
NS 
NS 
1.0980 
0.8288 
1.1000 
0.8100 

1.4140 
2.0900 

NS 
NS 
1.2230 
2.9900 
1.71 00 
1.4750 
1.0140 
1.3000 
1.3000 
1.2600 
2.0600 
2.4660 
1.3380 
1.1270 
1.1030 
2.1700 
1.8000 
0.9941 
1.4420 
2.2600 
1 .moo 
1.2000 
1.3000 
1.3000 

NS 

0.0663 

0.0640 
0.0263 
0.0750 
0.0500 

NS 

NS 
NS 
NS 

0.0322 
0.0356 
0.0920 
0.0200 

0.0520 
0.0900 

NS 

NS 
NS 

0.0802 
0.2800 
0.1300 
0.0518 
0.0524 
0.2000 
0.0260 
0.0400 
0.0800 
0.1794 
0.0988 
0.0432 
0.071 3 
0.1100 
0.2300 
0.0728 
0.0695 
0.1600 
0.0500 
0.0990 
0.0270 
0.0310 

1.3780 

1.1650 
0.9698 
1.4000 
4.9600 

NS 

NS 
NS 
NS 

1.2300 
0.9932 
1.2000 
1.0900 

1.4120 
7.7400 

NS 

NS 
NS 

1.6220 
3.3000 
2.1400 
1.3340 
1.0050 
1 SO00 
1.6000 
1.5200 
3.9300 
.7.2550 
1.9830 
1 S870 
1.2050 
2.4600 
1.9400 
2.2320 
1.8310 
1 5500 
1.8800 
1.2000 
1.3000 
1 so00 

0.0043 

0.0052 
0.0036 
0.0042 
0.01 09 

0.0086 
0.0031 
0.0040 
0.0031 

0.0222 
0.0760 

0.1194 
0.2569 
0.1409 
0.0227 
0.0051 
0.0062 
0.0058 
0.0139 
0.0887 
2.2896 
0.7764 
0.2493 
0.0355 
0.0482 
0.1768 
1.441 1 
0.5204 
0.1407 
0.0415 
0.0091 
0.0055 
0.0048 

' 

0.00471 1.20001 0.14301 0.74801 1.40001 0.09lOl I 
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PT088 
PT089 
PT090 

0.1320 
5.8400 

26.3400 
54.1800 
25.5500 
9.4980 
4.6810 
0.1920 
0.1840 
1.4220 
6.8350 

20.9160 
11.9980 
5.0640 
1.1130 
0.8770 
0.2200 
0.0970 
4.6130 

15.3990 
0.0690 
0.2660 
3.7030 
5.9550 

13.5320 
3.2120 
0.9730 
0.5010 
0.0870 
5.9390 
2.1690 
2.2490 
0.1856 
0.4890 
1.2020 
2.9130 
5.2960 
2.0910 

Rejected 
0.6418 
0.2640 
0.4346 
0.6212 
1.7030 
1.7730 
3.5380 
0.3853 
0.1594 

0.5090 
21.9250 

154.3000 
294.2000 
160.5000 

123.8 
191.1 

0.3860 
0.7470 
7.3370 

61.3710 
169.5270 
82.8590 
19.1770 
7.1870 
5.0150 
1.6570 
0.4120 

19.8560 
98.3490 
0.5200 
0.6390 
7.5080 

29.2570 
101.6460 
24.8740 
7.871 0 
3.2200 
0.5870 

26.1000 
13.9700 
10.4930 
1.1650 
2.5380 
8.9720 

26.1 100 
24.51 50 
1 1.7970 
3.4420 
5.5550 
1.5210 
2.1220 
4.1960 
7.1500 

12.4300 
18.51 00 
2.3660 
1.1010 

1.1000 
3.4400 
1.2530 
1.1020 
1.0610 
1.1750 
0.8448 
1.2000 
1 ,3000 
2.8000 
2.2400 
1.4900 
1.1000 
2.3000 
1.1790 
1.6000 
1.3000 
1.3000 
1.8600 
2.4100 
1.3000 
1 .oooo 
1.2000 
2.0500 
2.5600 
3.4000 
0.9900 
2.0000 
1.5000 
1.5000 
2.2000 
1.5000 
1.2610 
1.1760 
3.5810 
1.2790 
2.2000 
1.4000 
1.0370 
1.1030 
1.2940 
1.0370 
1.1430 
0.9243 
1.241 0 
1.4000 
1.3370 
1.2540 

0.0590 
0.1900 
0.0656 
0.0592 
0.1059 
0.1028 
0.0332 
0.1600 
0.0970 
0.0770 
0.1700 
0.0700 
0.1000 
0.3600 
0.0472 
0.3800 
0.0540 
0.031 0 
0.0700 
0.1300 
0.1200 
0.0760 
0.0980 
0.1 100 
0.0900 
0.6800 
0.0340 
0.0990 
0.1600 
0.0410 
0.2200 
0.1100 
0.0909 
0.0302 
0.1504 
0.0972 
0.4300 
0.0660 
0.0663 
0.0156 
0.0341 
0.0376 
0.0389 
0.031 3 
0.0398 
0.0266 
0.0765 
0.0627 

1.2000 
2.5400 
1.8450 
1.5240 
1.2890 
1.7740 
1.2420 
1.3000 
1.2000 
1.7000 
2.1400 
1.9200 
1.8000 
1.7000 
1.1190 
1.3000 
1.3000 
1.2000 
2.2600 
2.4700 
1.2000 
1.1000 
1.5000 
2.6400 
2.5800 
2.3000 
2.2000 
1.7000 
0.9900 
1 .goo0 
2.1000 
1.4000 
1.1170 
1.1320 
1.0830 
1.8870 
1.7000 
1.3000 
1.1130 
1.1160 
1.4210 
1.0370 
1.1410 
1.2060 
1.1080 
1.3830 
1.6110 
1.2090 

0.0041 
0.0502 
0.2348 
0.461 6 
0.2347 
0.1353 
0.1584 
0.0053 
0.0049 
0.0168 
0.0809 
0.2206 
0.1182 
0.0439 
0.0131 
0.0135 
0.0055 
0.0038 
0.0408 
0.1470 
0.0044 
0.0047 
0.0265 
0.0547 
0.1406 
0.0433 
0.0146 
0.0094 
0.0046 
0.0503 
0.0263 
0.0219 
0.0050 
0.0069 
0.0169 
0.0365 
0.0491 
0.0215 
0.0054 
0.0095 
0.0057 
0.0062 
0.0087 
0.0157 
0.0198 
0.0328 

' 0.0075 
0.0048 
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PT092 
PT093 
PT094 
PT095 
Pi096 
PT097 
PT098 
PT099 
PT100 
PTlO1 
PT102 
PT103 
PT104 
PT105 
PT106 
PT107 
PT108 
PT109 
PT110 
PT111 
PT112 
PT113 
PT114 
PT115 
PT116 
PT117 
PTl  18 
PT119 
PT120 
PT121 
PT122 
PT123 
PT124 
NS 

0.5346 
0.8739 
3.3610 
1.3240 
0.4944 
0.2409 
0.0232 
0.01 52 
0.61 33 
0.5262 
0.5983 
0.0714 
2.5260 
0.5423 
2.3790 
1.0720 
0.3588 
0.21 53 
0.9958 
0.0053 
0.1936 
0.5409 
1.3010 
0.1312 
0.0435 
0.0285 
0.0926 
0.4747 
0.381 1 
0.8226 
0.2625 
0.2151 

2.8320 
6.6090 

17.1800 
8.4290 
3.1210 
1.581 0 
0.1822 
0.0751 
5.8870 
2.1980 
3.1 130 
0.4467 
2.2410 
2.2990 

11.5000 
6.6670 
1.7450 
1.3690 
7.281 0 
0.0484 
1.2450 
3.4850 
8.9330 
0.8546 
0.1194 
0.0833 
0.5577 
2.3580 

12.8400 
4.4370 
2.2290 
1.0540 

1.3300 
1 ,0440 
1.1470 
1.2380 
1.3010 
1.4170 
1.1010 
0.8166 

Rejected 
0.9717 
1.0830 
1.0750 
1.3990 
0.9937 
1.2230 
0.8586 
1.2080 
1.0800 
1 .oooo 
1.0340 
0.8736 
1.1330 
1.2540 
1.0570 
0.9250 
1.0810 
0.9724 
1.1940 
0.8758 
1.2460 
1.0830 
0.9344 

0.0218 
0.031 8 
0.0666 
0.0324 
0.0790 
0.0384 
0.0160 
0.0064 

Rejected 
0.0287 
0.0229 
0.0196 
0.0123 
0.0099 
0.0560 
0.0356 
0.0408 
0.0457 
0.0247 
0.0458 
0.0177 
0.0206 
0.0449 
0.0384 
0.0190 
0.0713 
0.0569 
0.0538 
0.0286 

-0.0037 
0.1244 
0.0200 

1.2100 
1.0090 
1.1370 
1.3010 
1.3700 
1.2770 
0.9214 
1.0490 

Rejected 
0.9831 
1.0200 
0.9922 
1.3080 
1.0530 
1.2230 
0.9161 
1.4610 
1.1430 
0.8337 
1.0730 
0.8905 
1.0650 
1.1200 
1.1970 
1.0930, 
1.0190 
0.9224 
0.9829 
1.1780 
1.0120 
1.1420 
1.3690 

0.0075 
0.0112 
0.0307 
0.01 52 
0.0082 
0.0055 
0.0026 
0.0024 
0.0070 
0.0064 1 

0.0075 
0.0031 
0.0164 
0.0066 
0.0223 
0.0120 
0.0064 
0.0049 
0.0119 
0.0028 
0.0039 
0.0076 
0.0153 
0.0041 
0.0028 
0.0031 
0.0034 
0.0066 
0.0135 
0.0093 
0.0063 
0.0048 

0.04741 0.1821 I 0.72951 0.0789 I 0.9092 I 0.0029) 
Jot Sampled. 

Rejected Data validated as rejected. 



Rocky Mouhtain Remediation Services Document Number: RF/RMRS-97-086-UN 

and Americium Zone Data Summary Date 09/22/97 
Page 28 of 63 

903 Drum Storage Area, 903 Lip Area, Revision: 0 

TABLE 3-3 

OU 2 PHASE I1 RFW 

SURFACE SOILS - RF SAMPLING METHOD 
RFCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

PTOOl 
PT002 
PT003 
PT004 
PT005 
PT006 
PT007 
PT008 
PT009 
Pi01 0 
PTOl1 
PT012 
PTOl3 
PTO 14 
PT015 
PTOl6 
PT017 
PTOl8 
PTOl9 
PT020 
PT02 1 
PT022 . 
PT023 
PT024 
PT025 
PT026 
PT027 
PT028 
PT028 
PT029 
PT030 
PT031 
PT032 
PT033 
PT034 
PT035 
PT036 
PT037 
PT038 
PT039 
PTO40 
PTO41 

0.0390 
NS 

0.5345 
0.1394 
0.0740 

NS 
NS 
NS 

0.7393 
0.6870 
0.0580 
0.1183 

ND 
NS 

Rejected 
2.0690 

NS 
NS 

22.0000 
3.4000 

10.5300 
3.3340 
0.1460 
0.1545 
0.2454 

ND 
ND 

Rejected 
110.0000 
160.0900 
38.0000 
0.6419 

10.5500 
ND 

Rejected 
26.0000 
34.0000 
3.9680 
0.0870 
0.1035 
0.0466 

0.0730 
NS 

2.2410 
0.3491 
0.2430 

NS 
NS 
NS 

5.4710 
3.8310 
0.2700 

Rejected 
ND 
NS 

18.9400 
21.1600 

NS 
NS 

120.0000 
23.0000 
59.6300 
36.7800 

1.7760 
0.8933 
1.4160 

ND 
ND 

380.0000 
Rejected 
950.0000 
280.0000 

4.7660 
44.7150 

.ND 
Rejected 

. 

380.0000 . 

5700.0000 
17.6200 
0.6100 
0.6869 
0.3520 

0.0002 

0.0041 
0.0009 
0.0005 

0.0073 
0.0059 
0.0005 
0.0006 

0.0133 
0.0244 

0.1863 
0.0319 
0.0907 
0.0436 
0.001 9 
0.001 3 
0.0021 

0.2659 
0.51 16 
1 A090 
0.3727 
0.0063 
0.0804 

0.3869 
4.1469 
0.0308 
0.0008 
0.0010 
0.0005 

0.06701 0.57801 0.0007( 
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PT043 
PT044 
PT045 
PT046 
PT047 
PT048 
PT049 
PT050 
PT05 1 
PT052 
PT053 
PT054 
PT055 
PT056 
PT057 
PT058 
PT059 
PT060 
PT06 1 
PT062 
PT063 
PT064 
PT065 
PT066 
PT067 
PT068 
PT069 
PT070 
PT07 1 
PT072 
PT073 
PT074 
PT075 
PT076 
PT077 
PT078 
PT079 
PT080 
PT081 
PT082 
PT083 
PTO84 
PT085 
PT086 
PT087 
PT088 
PT089 
PT090 

ND 
ND 

Rejected 
Rejected 

ND 
ND 

Rejected 
0.081 5 
0.1297 
1.2980 
4.1540 

Rejected 
Rejected 
Rejected 

0.61 35 
0.4869 
0.2760 
0.0733 

Rejected 
NS 

0.0738 
0.2702 
0.1949 

54.0000 
Rejected 

4.3000 
0.9680 
0.4092 
0.1400 
2.0690 

Rejected 
2.1540 
0.1647 
0.3599 
0,8293 
5.2880 
3.7100 
1,6610 
0,8440 
0.4740 
0.1750 
0.3089 
0.8996 
0,9303 
2.0730 
3.1350 

ND 
0.3166 

ND 
ND 

260.0000 
7300.0000 

ND 
ND 

29.0000 
0.21 10 
0.5325 
5.9450 

19.9900 
120.0000 
200.0000 

6.4000 
4.4350 
4.3920 
0.9890 
0.4237 
2.7000 

NS 
0.1960 

Rejected 
1.3850 

57.0000 
47.7800 
23.0000 
12.1780 
2.461 0 
0.4520 

11.5800 
31 .OOOO 
10.8400 
1.3990 
1.6370 
5.4980 

29.1 750 
22.9600 
8.7360 
5.9960 
3.4840 
1.4270 
1.5790 
3.3510 
8.7430 

10.2950 
20.3440 

ND 
2.0810 

0.1819 
5.1085 

0.0203 
0.0005 
0.0010 
0.0102 
0.0333 
0.0840 
0.1400 
0.0045 
0.0060 
0.0053 
0.0020 
0.0006 
0.001 9 

0.0005 
0.001 3 
0.0019 
0.291 1 
0.0334 
0.0361 
0.01 30 
0.0036 
0.0010 
0.01 77 
0.0217 
0.01 76 
0.001 7 
0.0028 
0.0077 
0.0450 
0.0333 
0.01 38 
0.0081 
0.0046 
0.0018 
0.0025 
0.0065 
0.0104 
0.0168 
0.0288 

0.00291 
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PT092 
PT093 
PT094 
PT095 
PT096 
PT097 
PT098 
PT099 
PT100 
PTlOl 
PT102 
PT103 
PT104 
PTlO5 
PT106 
PT107 
PT108 
PT109 
PT110 
PT111 
PT112 
PT113 
PT114 
PT115 
PT116 
PT117 
PT118 
PT119 
PT120 
PT121 
PT122 
PT123 
PTl24 

0.3051 
1.2710 
2.9240 
0.8649 
0.3733 

Rejected 
0.0440 
0.0850 
1.5700 
0.5694 
3.1030 
0.1100 
0.471 7 
0.2401 
2.3260 
0.5259 
0.3790 
0.2255 
0.3090 
0.01 10 
0.4920 
1.4570 
0.7478 
0.0862 , 

0.0450 
0.0391 

Rejected 
0.3004 
0.9913 , 
0.5877 
0.3948 
0.1201 

2.1210 
6.8990 

13.8120 
5.0620 
8.4480 
2.5070 
0.1980 
0.0960 
0.7760 
2.3150 

50.3000 
0.231 0 
2.9390 
1.821 0 

11.701 0 
3.1380 
2.7090 
1.4550 
1.5020 
0.0440 
1.5420 
5.7970 
4.4720 
0.61 00 
0.2740 
0.2504 
0.6567 
1.7080 
7.1980 
2.61 30 
2.2620 
0.9148 

0.0029 
0.0107 
0.0233 
0.0076 
0.0076 
0.0018 
0.0003 
0.0005 
0.0078 
0.0043 
0.0496 
0.0007 
0.0043 
0.0024 
0.01 90 
0.0046 
0.0037 
0.0021 
0.0025 
0.0001 
0.0034 
0.0108 
0.0066 
0.0008 
0.0004 
0.0004 
0.0005 
0.0026 
0.0096 
0.0046 
0.0034 
0.0012 

0,0329 I 0.28201 0.00041 
Jot Sampled 

ND No Data 
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TABLE 3-4 

SOIL PROFILE PITS 1-26 
TRENCH SAMPLING METHOD 

OPERABLE UNIT N0.2  PHASE 11 RFURI 
RFCA TIER I SUM OF RATIO COMPARISON - RADIONUCLIDES 

TRO 1 
TROl 
TROl 
TROl 
TRO 1 
TROl 
TRO 1 
TROl 
TROl 
TROl 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR03 
TR03 
TR03 
TR03 
TR03 
'Ti303 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 

TR00342WCU2 
TR00343WCU2 
TR00344WCU2 
TR00345WCU2 
TR00346WCU2 
TR00347WCU2 
TR00348WCU2 
TR00349WCU2 
TR00350WCU2 
TR00393WCU2 
TR00395WCU2 
TR00396WCU2 
TR00397WCU2 
TR00399WCU2 
TR00400WCU2 
TR00401 WCU2 
TR00402WC U 2 
TR00403WCU2 
TR00404WCU2 
TR00372WCU2 
TR00373WCU2 
TR00374WCU2- . 
TR00375WCU2 
TR00376WCU2 
TR00377WCU2 
TR00378WCU2 
TR00379WCU2 
TR00380WCU2 
TR00381 WCU2 
TR00386WCU2 
TR00389WCU2 
TR00390WCU2 
TR00413WCU2 
TR004 14WCU2 
TR00415WCU2 
TR004 16WCU2 
TR00417WCU2 
TR00418WCU2 
TR00419WCU2 
TR00420WCU2 
TR00421 WCU2 
TR00422WC U2 

0.0032 
0.0027 
0.0035 
0.0050 
0.0121 
0.0294 
0.1 129 
0.1312 

0.0030 
0.0023 
0.0021 
0.0039 
0.0160 
0.0679 
0.0904 
0.1744 
0.3549 
0.3339 
0.0032 
0.0024 
0.0029 
0.0049 
0.01 16 
0.01 25 
0.3595 
0.3521 
0.4124 
0.2253 
0.0097 
0.0034 
0.0031 
0.001 5 
0.0032 
0.0035 
0.0035 
0.0071 
0.0129 
0.1367 
0.451 7 
0.6219 
0.8893 

.o. 1681 
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TR04 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR06 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TRO9 
TR09 
TRlO 
TRIO 
TRlO 
TRlO 
TRlO 
TRlO 
TRlO 
TRlO 

TROO431 WCU2 
TR00358WCU2 
TR00359WCU2 
TR00360WCU2 
TR00361 WCU2 
TR00362WCU2 
TR00363WCU2 
TR00364WCU2 
TR00365WCU2 
TR00366WCU2 
TR00367WCU2 

Samples Not Analyzed 
TR00307WCU2 
TR00308WCU2 
TR00309WCU2 
TR0031 OWCU2 
TR00311WCU2 
TR00312WCU2 
TR00313WCU2 
TR00314WCU2 
TR00315WCU2 
TR00316WCU2 
TR00323WCU2 
TR00324WCU2 
TR00325WCU2 
TR00326WCU2 
TR00327WCU2 
TR00328WCU2 
TR00329WCU2 
TR00330WCU2 
TR00331 WCU2 
TR00332WCU2 
TR00291 WCU2 
TR00292WCU2 
TR00293WCU2 
TR00294WCU2 
TR00295WCU2 
TR00296WCU2 
TR00297WCU2 
TR00298WCU2 
TR00299WCU2 
TR00300WCU2 
TROOl7lWCU2 
TROOl72WCU2 
TROOl73WCU2 
TROOl74WCU2 
TROOl75WCU2 
TROOl76wCU2 

TROOl78WCU2 
TROOl77WCU2 1 

0.0035 
0.0016 
0.001 8 
0.0046 
0.0392 
0.0395 
0.1407 
0.21 18 
0.4376 
0.4295 
0.7886 

0.001 5 
0.0031 
0.0028 
0.0067 
0.0105 
0.0323 
0.2907 
0.0365 
0.0514 
0.0288 
0.0099 
0.001 3 
0.0165 
0.41 19 
2.2325 
2.0584 
7.671 9 
3.2540 
3.2948 
7.7843 
0.0037 
0.0021 
0.0033 
0.0031 
0.0057 
0.0141 
0.0441 
0.0966 
0.2510 
0.251 3 
0.0022 
0.0028 
0.0030 
0.0037 
0.0017 
0.0025 
0.0035 
0.0056 
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TRlO 
TRlO 
T R l l  
TR11' 
T R l l  
T R l l  
T R l l  
T R l l  
TR11 
T R l l  
T R l l  
T R l l  
T R l l  
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR15 
TRl5 
TR15 
TRl5 
TR15 
TR15 

TROOl8OWCU2 
TROOl81 WCU2 
TR00274WCU2 
TR00275WCU2 
TR00276WCU2 
TR00277WCU2 
TR00278WCU2 
TR00279WCU2 
TR00280WCU2 
TR00281 WCU2 
TR00282WCU2 
TR00283WCU2 
TR00284WCU2 
TR00256WCU2 
TR00257WCU2 
TR00258WCU2 
TR00260WCU2 
TR00262WCU2 
TR00263WCU2 
TR00264WCU2 
TR00265WCU2 
TR00266WCU2 
TR00267WCU2 
TROOlO4WCU2 
TROOl05WCU2 
TROOlO6WCU2 
TROOl07WCU2 
TR00108WCU2 
TROOlO9WCU2 
TROOl 1 OWCU2 
TROOl 1 1 WCU2 
TROOll2WCU2 
TROOll3WCU2 
TR00239WCU2 
TR00240WCU2 
TR00241 WCU2 
TR00242WCU2 
TR00243WCU2 
TR00244WCU2 
TR00245WCU2 
TR00246WCU2 
TR00247WCU2 
TR00248WCU2 
TR00122WCU2 
TR00123WCU2 
TR00124WCU2 
TR00125WCU2 
TR00126WCU2 
TR00127WCU2 

0.0343 
0.0569 
0.0027 
0.0031 
0.0023 
0.0034 
0.0037 
0.0051 
0.0050 
0.01 71 
0.0289 
0.0813 
0.1386 
0.0042 
0.0026 
0.0023 
0.0023 
0.0024 
0.0089 
0.0428 
0.0504 
0.1311 
0.5773 
0.0027 
0.0021 
0.0026 
0.001 1 
0.0016 
0.0021 
0.0027 
0.0036 
0.0060 
0.0100 
0.0016 
0.0016 
0.001 0 
0.0008 
0.0042 
0.0056 
0.0074 
0.0084 
0.01 11 
0.0291 
0.0167 
0.0030 
0.0025 
0.0014 
0.0005 
0.0026 

~ 

3 9 9  
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TR15 
TR15 
TR15 
TR15 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 . 
TR18 
TR18 
TR19 
TR19 
TRl9 
TR19 
TR19 
TRl9 
TRl9 
TR19 
TR19 
TRl9 
TR20 
TR20 
TR20 
TR20 
TWO 
TWO 

TROOl29WCU2 
TROOl3OWCU2 
TROOl31 WCU2 
TR00071 WCU2 
TR00072WCU2 
TR00073WCU2 
TR00074WCU2 
TR00075WCU2 
TR00076WCU2 
TR00077WC U2 
TR00078WCU2 
TR00079WCU2 
TR00080WCU2 
TROOl55WCU2 
TROOl56WCU2 
TROOl5NvCU2 
TROOl58WCU2 
TROOl59WCU2 
TROOl60WCU2 
TR00161 WCU2 
TROOl62WCU2 
TROOl63WCU2 
TROOl64WCU2 
TR00086WCU2 
TR00087WCU2 
TR00088WCU2 
TR00089WCU2 
TR00090WCU2 
TR00091 WCU2 
TR00092WCU2 
TR00093WCU2 
TR00094WC U2 
TR00095WCU2 
TROOl39WCU2 
TR00140WCU2 
TROOl4 1 WCU2 
TR00142WCU2 
TROOl43WCU2 
TROOl44WCU2 
TR00145WCU2 
TROOl46WCU2 
TR00147WCU2 
TR00148WCU2 
TR00051 WCU2 
TR00052WCU2 
TR00053WCU2 
TR00054WCU2 
TR00055WCU2 
TR00056WCU2 

0.0045 
0.0053 
0.0036 
0.01 16 
0.0025 
0.0031 
0.0029 
0.0020 
0.0050 
0.0041 
0.0065 
0.0066 
0.0093 
0.0109 
0.0062 
0.0044 
0.0029 
0.0058 
0.0086 
0.0056 
0.0061 
0.0082 
0.0346 
0.1604 
0.0066 
0.0098 
0.01 30 
0.0069 
0.0080 
0.0093 
0.0094 
0.0055 
0.0092 
0.01 97 
0.01 16 
0.0081 
0.0065 
0.0083 
0.0075 
0.0091 
0.0062 
0.01 22 
0.01 34 
0.01 35 
0.0141 
0.0053 
0.0193 
0.0027 
0.0045 
0.0072 
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TR20 
TR20 
TR20 
TR20 
TR2 1 
TR2 1 
TR2 1 
TR21 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR21 
TR2 1 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 ' 
TR22 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR25 
TR25 
TR25 
TR25 

TR00058WCU2 
TR00059WCU2 
TR00060WCU2 
TROOOOl WCU2 
TR00002WCU2 
TR00003WCU2 
TR00004WCU2 
TR00005WCU2 
TR00006WCU2 
TR00007WCU2 
TR00008WCU2 
TR00009WCU2 
TROOOl OWCU2 
TR00016WCU2 
TROOOlNvCU2 
TROOOl8WCU2 
TROOOl9WCU2 
TR00020WCU2 
TR00021 WCU2 
TR00022WCU2 
TR00023WCU2 
TR00024WCU2 
TR00025WCU2 
TR00026WCU2 
TR00034WCU2 
TR00035WCU2 
TR00036WCU2 
TR00037WCU2 
TR00038WCU2 
TR00039WCU2 
TR00041 WCU2 
TR00042WCU2 
TR00043WCU2 
TR00044WCU2 
TR00050WCU2 
TROOl89WCU2 
TR00190WCU2 
TROO 1 9 1 WCU2 
TROOl92WCU2 
TR00193WCU2 
TROOl94WCU2 
TROOl95WCU2 
TR00196WCU2 
TR00197WCU2 
TR00206WCU2 
TR00223WCU2 
TR00224WCU2 
TR00225WCU2 

1 

TR00226WCU2 

0.0050 
0.0059 
0.0091 
0.0095 
0.0029 
0.2006 
0.4591 
0.0029 
0.0027 
0.0032 
0.0028 
0.0036 
0.0037 
0.0095 
0.0044 
0.0032 
0.001 1 
0.0027 
0.0007 
0.0032 
0.0041 
0.0085 
0.0031 
0.0102 
0.0061 
0.0043 
0.0044 
0.0389 
0.0299 
0.0093 
0.0059 
0.0102 
0.0084 
0.0028 
0.0031 
0.0048 
0.0024 
0.0018 
0.0016 
0.0031 
0.0031 
0.0037 
0.0037 
0.0051 
0.0048 
0.0022 
0.0058 
0.0077 
0.0096 
0.0108 
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0.01 15 
TR25 
TR25 
TR25 
TR25 
TR25 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 

-rench TR06 was samp 

TR00228WCU2 
TR00229WCU2 
TR00230WCU2 
TR00231 WCU2 
TR00233WCU2 
TR00207WCU2 
TR00208WCU2 
TR00209WCU2 
TR0021OWCU2 
TR00211 WCU2 
TR00212WCU2 
TR00213WCU2 
TR00214WCU2 
TR00215WCU2 
TR00216WCU2 

!d but not analyzed because activity 
exceeded DOT shipping requirements. 

.- . 

I 

0.01 17 
0.0135 
0.01 19 
0.01 53 
0.01 57 
0.0066 
0.0096 
0.0105 
0.0101 
0.0069 
0.0124 
0.01 52 
0.01 50 
0.0170 
0.0190 
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TABLE 3-6 

SURFACE SOILS 
OU 1 PHASE I11 RFI/RI 

RFCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

RAOlO 
RAOl 1 
RAOll 
RA012 
RAOl3 
RAOl4 
RAOl5 
RAOl5 
RA016 
RAOl7 
RAOl8 
RAOl9 
RA020 
RA02 1 
RA022 
W023 
RA024 
RA025 
RA026 
RA027 
RA028 
RA029 
RA030 
RA031 
RA031 
RA032 
RA032 
RA033 
RA033 
RA034 
RA035 
RA036 
RA037 
RA037 

qejected 

Rejected 
Rejected 

0.0129 
0.1240 
0.0390 

Rejected 
Rejected 

0.1440 
Rejected 

0.4900 
0.2627 
0.1917 

Rejected 
0.2849 
1.1480 
1.6720 
1.9440 
0.1200 
0.6640 
0.0137 
0.4420 
0.2470 
0.5370 
0.7160 
0.1280 
0.0950 
0.0970 

. 0.0770 
0.7140 
0.1540 
0.0230 
0.0300 
0.0490 

1.0630 
1.1750 
0.0677 
0.6600 
0.1050 
0.2249 
1.3090 
0.5830 
0.5944 
3.0020 
1.5530 
0.9275 
0.4165 
2.0890 
7.0840 

11.0800 
12.9900 
1.0430 
9.6950 
0.0907 
2.3850 
1.0030 
3.0440 
5.8590 
0.7350 
0.5270 
0.6720 
0.4000 
1.3420 
0.5950 
0.0980 
0.0950 

0.8350 
0.7814 
1.1480 
0.7370 
0.9720 
1.5300 
1.2620 
0.6780 
0.761 1 
1.2500 
1.1600 
0.9581 
1.6620 
1.2870 
1.4620 
1.6020 
1.4900 
1.0450 
1.1920 
1.2960 
1.2660 
1.2340 
1.21 50 
0.9730 
1.0560 
1.2540 
1.2280 
1.5100 
1.0590 
1.2230 
0.8820 
0.9150 

0.1 1501 1.17601 

0.0176 
0.0523 
0.0584 
0.0610 
0.1040 
0.0406 
0.0791 
0.0330 
0.0570 
0.0530 
0.0243 
0.0790 
0.0340 
0.0905 
0.0808 
0.0390 

0.0330 
0.0290 
0.0086 
0.0530 
0.0300 
0.0580 
0.0870 
0.0380 
0.0840 
0.1220 
0.0850 
0.0260 
0.0530 
0.0640 
0.1 170 

-0.0060 

0.7136 
0.9987 
1.0280 
0.9000 
0.8500 
1.5680 
1.3650 
0.7640 
0.8466 
1.1830 
1.1690 
0.9509 
1.7690 
1.4790 
1.5710 
1.7320 
1.4480 
1.31 90 
1.1800 
1.5020 
1.1290 
0.9400 
1.5800 
1.4180 
1.3190 
1.2890 
2.1990 
1.5100 
1.0120 
1.2850 
0.6260 
0.9770 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.01 
0.02 
0.02 
0.00 
0.01 
0.00 
0.01 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.00 
0.01 
0.00 
0.00 
0.00 

0.06801 1.1 7601 0.001 
I I I I I 1 

lata Validated as Rejected. 
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TABLE 3-8 

SUBSURFACE SOIL SAMPLES 
OPERABLE UNIT N0.2  PHASE I & I1 R F I M  

RFCA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

BH2287 
BH2287 
BH2287 
BH2287 
BH2287 
BH2387 
BH2387 
BH2387 
BH2487 
BH2487 
BH2487 
BH2487 
BH2687 
BH2687 
BH2687 
BH2787 
BH2787 
BH2787 
BH2887 
BH2887 
BH2887 
BH2887 
BH2887 
BH2987 
BH2987 
BH2987 
BH2987 
BH3087 
BH3087 
BH3087 
BH3087 
BH3087 
831 5289 
831 5289 
831 5289 
831 5289 
831 5289 

29 1 
6591 
6591 
6591 
6591 
6591 
6591 

BH22870009 
BH22871018 
BH22871 OWS 
BH228720CT 
BH228722BR 
BH23870008 
BH238708CT 
BH238711 BR 
BH24870002 
BH248705CT 
BH248708BR 
BH24871 OWS 
BH26870003 
BH268703CT 
BH268706BR 
BH27870010 
BH278710CT 
BH278713BR 
BH288700W 
BH28870104 
BH288705WS 
BH288706CT 
BH288709BR 
BH29870010 
BH298713CT 
BH298716BR 
B H 2 9 8 7 1 M  
BH30870010 
BH30871020 
BH308710WS 
BH308720WT 
BH308725BR 
5989BR0003 
5989BR0306 
5989BR0711 
5989BR1115 
5989BR1518 

BH00574WCU2 
BHOl249WCU2 
BH01251 WCU2 
BH01255WCU2 
BH0125NVCU2 
BHOl26OWCU2 
BH01262WCU2 

0.001 
0.001 
0.001 
0.000 
0.001 
0.002 
0.001 
0.001 
0.1 18 
0.002 
0.002 
0.001 
0.1 16 
0.003 
0.002 
0.005 
0.001 
0.002 
0.006 
0.002 
0.002 
0.003 
0.006 
0.002 
0.602 
0.001 
0.001 
0.230 
0.001 
0.002 
0.001 
0.001 
0.01 9 
0.002 
0.001 
0.002 
0.001 
0.01 7 
0.002 
0.002 
0.002 
0.004 
0.002 
0.002 
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6591 
6591 
6591 
6691 
6691 
6691 
6691 
6691 
6791 
6791 
6791 
6791 
6791 
689 1 
6891 
6991 
6991 
6991 
6991 
6991 
6991 
7091 
709 1 
7191 
7191 
7191 
7191 
729 1 
7291 
7291 . 
7291 ' 
7391 
7391 
7391 
7591 
7591 
749 1 
749 1 
769 1 
869 1 
8691 
869 1 
869 1 
8791 
8791 
8791 
8791 
.8791 
8891 
8891 

BH01265WCU2 
BH01268WCU2 
BH01270WCU2 
BH00518WCU2 
BH00520WCU2 
BH00522WCU2 
BH00524WCU2 
BH00525WCU2 
BH00490WCU2 
BH00493WCU2 
B H00496WC U 2 
BH00499WCU2 
BH00501 WCU2 
B H 00540 WCU2 
BH00543WCU2 
BH00701 WCU2 
BH00702WCU2 
BH00706WCU2 
BH00708WCU2 
BH00710WCU2 
BH00714WCU2 
BH00484WCU2 
BH00486WCU2 
BH00979WCU2 
BH00982WCU2 
BH00985WCU2 
BH03987WCU2 
BH00718WCU2 
BH00719WCU2 
BHOU721 WCU2 
BH00723WCU2 
BH00475WCU2 
BH00477WCU2 
BH00480WCU2 
BHOl227WCU2 
BHOl229WCU2 
BHOl233WCU2 
BHOl235WCU2 
BHOl204WCU2 
BH00530WCU2 
BH00533WCU2 
BH00536WCU2 
BH00537WCU2 
BH00505WCU2 
BH00507WCU2 
BH0051OWCU2 
BH00512WCU2 
BH00514WCU2 
BH00550WCU2 
BH00552WCU2 

0.003 
0.004 
0.002 
0.083 
0.01 1 
0.003 
0.002 
0.003 
0.003 
0.002 
0.002 
0.003 
0.002 
0.001 
0.002 
0.001 
0.001 
0.002 
0.002 
0.002 
0.003 
0.002 
0.008 
0.002 
0.002 
0.002 
0.003 
0.007 
0.003 
0.003 
0.003 
0.003 
0.004 
0.003 
0.002 
0.058 
0.003 
0.005 
0.003 
0.018 
0.002 
0.003 
0.003 
0.004 
0.002 
0.004 
0.003 
0.002 
0.028 
0.01 5 
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8891 
8891 
8891 
8991 
8991 
8991 
8991 
899 1 
8991 
9091 
9091 
9091 
9091 
9091 
9191 
9191 
9191 
9191 
9191 
9691 
969 1 
969 1 
9391 
9591 
979 1 
9791 
979 1 
12791 
12791 
13091 
13091 

Rejected Laboratoi 

8H00952WCU2 
BH00955WCU2 
BH00957WCU2 
BH00741 WCU2 
BH00743WCU2 
BH00745WCU2 
BH00750WCU2 
BH00752WCU2 
BH00753WCU2 
BH00727WCU2 
BH00729WCU2 
BH00732WCU2 
BH00735WCU2 
BH00737WCU2 
BH00962WCU2 
BH00965WCU2 
BH00969WCU2 
BH00973WCU2 
BH00975WCU2 
BHO 1207WCU2 
BH01211WCU2 
BHOl2 14WCU2 

All 
All 

BH01218WCU2 
BH01221 WCU2 
BH01223WCU2 
BHOl239WCU2 
BH01240WCU2 
BH00347WCU2 
BH00348WCU2 

results validated as rejel 

0.004 
0.002 
0.002 
0.01 8 
0.003 
0.002 
0.002 
0.003 

' 0.003 
0.007 
0.002 
0.002 
0.002 
0.002 
0.053 
0.005 
0.002 
0.002 
0.004 
0.003 
0.003 
0.006 

Rejected 
Rejected 

0.003 
0.004 
0.003 
0.003 
0.003 
0.002 
0.002 

ed. 
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TABLE 3-9 

RANGE OF ORGANIC CONTAMINANTS IN 903 PAD AREA GROUNDWATER SAMPLES 

6691 51 E 100,000. 92 
6791 3 10 0.3 
6891 ND 0.4 ND 
6991 . 2.2 78 ND 
7191 ND 2.5 J ND 
7291 ND 0.4 ND 
8891 -290 E 17,000 80 
9091 7 65 ND 
13091 ND 14 ND 
13191 122 E 4,800 E 60 
13291 63 220 ND 

ug/l microgramsfliter 

2,900 

0.3 

Tier 1 
Q ’  Laboratory Qualifier 
ND Not detected 
D 
E 
J 

RFCATier 1 ALP Action Level for Groundwater 

Compound ID using secondary dilution factor 
Concentration exceeds calibration range of instrument 
Estimated value, concentration greater than sample’s detection limit 

4,600 ND 
0.6 ND 

2 ND 
430 E 1.7 

1,100 D 2.6 
58 ND 

20,000 21 0 
7 2 
6 ND 

130 E ND 
4.6 22 

1.1 
940 
46 
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TABLE 3-10 

RADIONUCLIDE CONTAMINANTS IN GROUNDWATER 

WELLS ABOVE TIER I1 ACTION LEVELS 

1991-1995 

06591 0.022 0.270 
0669 1 0.160 0.580 
06991 0.190 9.730 
07191 0.030 2.270 
08891 0.010 0.550 
09091 1.400 46.540 
13191 0.012 0.597 

Note: Uranium-isotopic results were below background activities and are not provided. 

pCin microgramsLiter. 
Tier 1 RFCA Tier I ALF Groundwater Action Levels. 1 

c 

J 

0.034 
0.778 
1.20 
0.832 
0.058 
12.0 
0.084 

3.400 
2.900 
71.7 
3.361 
5.024 ’ 

354.6 
0.290 
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Plutonium Surface Contamination Map 



FIGURE 3 - 3  Gamma-Ray Survey o f  Aspha l t  Surface o f  903 Area Pad. The numbers 
rep resen t  on l y  the r e l a t i v e  gamma-ray read ings  a t  t h e  pad sur face.  ,Each 
i n t e g e r  increment on t h e  f i g u r e  rep resen ts  a change i n  c o u n t i n g  r a t e  o f  
1 t o  2 percent.  
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Environmental Record Database - Details of Matching Records 

Data Source: EMF 

Title: PLUTONIUM SURFACE CONTAMINATION 903 AREA 

Keywords: KEYWORDS: ; WASTE ST0RAGE;WASTE OIL & S0LVENTS;CONTAMINATED SOIL;803/904 
PAD CONTAMINATIOMNCIDENTS; NAMES IN TDCT. 

Commcats: 

Authors: OWEN JB; DOW CHEMICAL ROCKY FLATS 

Pub-DateX: 07/26/1968 

Pub-Date2: 02/12/1995 

te Estimated?: N 

wument Type: INTERNAL LElTERS, , MARGINALIA 

Addressee: SEASTONE J 

Distribution: WALKO EJ; BASSLER DM; EPP JG; LOVE CM; PILTINGSRUO CW: PUTZIER EA; WALKO EJ 

locument Size: PAGES: 6 

)oc. Location: ORlG SOURCE DB: EMF; IMAGE VOL: VaooooD; LOCATION: EMF0022; F I E  LOCATION: ; BO 

Leference No.: UNIQUE CONTROL #: 00006451; PARENT IM: 
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4' 

I 

/ July 25, 1968 

ROCKY PLAT1 OIVOlON 

001DCN. EOLORAOO b Q I Q \  

r .  0.  box O S  

J. Seaatone- 

PurrONIUM SURFACE CONWWXATXON, 903 AREA 

Eealth F'hyaica hae completed a s w e y  of the plutonium contarninetion 
present on the eurface of thc 903 area. The folhuing deecribee the 
technique8 ueed, conditione in the ares during tba survey, survey 
results, and the Health Phyeice'recom~eodatiun for corrective action. 

A grid eyetern uas eetabllehetl which extended approximately 25 feet 
outside of the fenced area in aU. directions. 
placed at  interval6 of 25 feet along each grid l ine and the maximum 
l eve l  of conternination within 1 foot of each stabe u w  determined. 
Significant levels of contanination were noted on the eaet and south 
boundariee of tba grid eyetem 80 the Byetea wae bxtended an d d i t i o o e l  
125 feet la these direction& t o  more accurately determine the eize and 

Vegetatlon l e  very sparse inside of the fenced STBS aad the level8 of 
contadnation uer@ determined for the moet part on bare 80il. 
outei.de of the fenced mea l e  relstlvely heavy and although attempt6 * 

Woodea etakee were 

. 

. ehaps of the aignlficsotly contaminated area. 

Vegetation 

vere made t o  reach the soil the levela &$ contarninetion w e  in many 
caeee influenced dovmrerd due to a greater dietance aad regetati- 

il. All of the B U ~ C ~ B  were taken dur- , 

ranged from 75 to  9s degrees Fahrenheit. 

I .  

I .  . I '  



I - 2, - 
!he effect8 of ulnd, rea ,  snow, d Work in the fenced Wea, hcludLng 
purposely covering high level contamination with  clean soil and gravel, 
have not been determined, but,it is known that  these factor6 resul t  h 
the survey Indicating Pen0 plutonium than the actual amount present. 
Inside of the fenced ares the actual amount of plutonium present rnay 
be a8 much as loo08 time6 mora than i s  indicated by the survey reeults. 

. 
i. 

The contemiaatioa in the remsining ~WC!E outelde of the fence is due t o  
I '  

wind  snd gmund water runoff from the fenced area. No attempts hrnve 
been & to determine' tha depth or p e n e t r 8 t f O R  in th ia  area, but it 
5s reaeonable to ~~m.un4 tbat t& penetration is not wre thaa 1 or 2 
linchce deep and that the actual amount of plutonium preecat is not more 

1,'; 
I 

\ 
* L  

ti 
than - 100 tfmes greater thao the emunt indicated by the gurvey results. 

1 ,  

De survey reeulta muet, therefore, be considered a6 relatlve rather 
than ab6Olute numbere, 
extensive Boil eaa9llng program. l h k s a m  co- t i m e  
'tqeexpenaive and not n 
the s b l e m .  ,**- 

Tu C O t B b l i e h  sbeolute value0 would require an 

in order to consider the solutions t o  

"!he met deeirsbkt objective for decontamination would 
be to recwve a l l  traces of contamination, at leaat to 1 
or 2 microgreme per square meter. 
perhaps mat, ca8m this w i l l  not be pO€fSiblt?. Therefore, 
Sugge8ted maximum levels for determining decontamination 

rebtive hazards in p u g s  are- are aa follove: 

*ever, in maay, 

, 

i 



_ .  . 
. 

- J -  

effected. ( X i  initial cantminetion i e  l e e a  thsn lo00 
micrograme per square meter, the area ehould be &con-- 
imted only to  a valw coneistent w i t h  reaeonable effort 
d cos t*  1" .- 

It i t r  obvloue that actione m e t  ke taken to correct the conditione U 
thle area and that vaethet w i l t  continue t o  evead the contamination 
and dlstor t  the su~cvay reeulte. Health F'etce reco-nde that the . 
follawing actione be torken? in the order lieted, ae 13000 as poreible. Re8Qw6bw WteCtiOnp p hat clothing, a d  monitoring v i l l  be provided 

1. There are two forklift truoke In the fenced area. 
Crete iind d18p4130 of these forklift8 a8 Conpteplinated 
vasts 

3. Remove the fence from the south and east eidee of the 
area.  Diepose of the fence a6 contminated v a e t e .  

,' 
,* 

4. Remove the 6011 &ad rock from the spot o f  fr0a 1m 
ta 300 microgreme per square meter south of tbe fenced 
area by hand. Place tbe scrll and rock ineFbe of the 
fenced area. Dsmpen or o i l  the 6rea to aroid creatiag 
duet during the ramod. 

g;\Bulldoee t h e  eo11 and rack to a depth of F r o m  4 to 6 
!inches f r o m  tbe contemlhateb area8 outside of W .  
fence to the east and routh into the ferrced area. 
Damgan at o i l  the are8  to avoid craatitrg dust d u r u  

'\ 

I 

Thie s o l 1  snd rock it3 t o  be use& to start to bring the 
level of the fenced are6 tip to the hlgheef poiat in the 
fenced area. l b e  araa w i t h i n  the faraa is not t~ be 
bulldozed 

waste 

I -  

!! 
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EXECUTIVE SUMMARY 

A comprehensive evaluation ,of radiochemistry data acquired within the ER program over the past 
several years has been completed for the purpose of evaluating the data's usability relative to potential 
remediation of radionuclides within the soils at and near the 903 Pad area. The data sets reviewed 
include OU-1 Phase Ill RFllRl surficial soils, OU-2 Phase II RFVRI surficial soils, and trenches 
throughout several operable units as well as the buffer zone. Evaluation of the data for usability relative, 
to environmental decision-making satisfies a major quality requirement of the ER program. 
The data sets were chosen based on their arealextent with respect to the 903 Pad and the time frame in 
which the data were acquired.' The success of any remediation effort hinges on the confidence of 
"knowing" the areal and vertical extent of contaminant concentrations relative to action levels (Le. 
cleanup levels). The time frame of the data sets evaluated was significant because the data were 
acquired within an established environmental Quality Assurance program, consistent with the goal of 
producing defensible data and consequent environmental decisions. 

In general, and from a radiochemistry perspective, all data qualified as valid (flagged as "V'), acceptable 
with qualification (flagged as "A"), or unflagged, is usable, based on the well-established, formal data 
validation process. Rejected data (flagged as "R") is not usable for the same reason. Because such a 
vast majority of the radionuclide dataset underwent the formal validation process with high percentages 
of valid and acceptable data (Luker et al., 1994), inferences about (analytical/radiochemistry) data 
usability have a high confidence throughout the ER program as a whole. Generally, all data not rejected 
by the validation process are usable. Validation qualifiers directly and adequately address such usability 
criteria as "precision" and "accuracy"; however, data usability based on "representativeness", 
"completeness", and "comparability" relies less on data validation criteria and more on the data as 
compared with project objectives. Such comparisons given in this report do not disqualify any data 
beyond those rejected data from the validation process. However, it must be emphasized that details of 
this usability analysis are with respect to a procedure designed to measure compliance to work plans 
already implemented (e.g., OU-2 Phase II RFI/RI Work Plan), and not with current remedial action 
plans. Inputting selected, usable data into impending remediation strakgies (work plans) is the next 

'step. 

4. 

The foremost precaution warranted for use of previously collected RFI/RI data is that of 
representativeness: this is the weakest aspect of the u'sability argument, as compliance with the RFllRl 
work plan(s) is the primary basis for establishing representativeness. It must be ensured that the 
samples used to estimate radionuclide activity levels directly support the latest remediation goals 
(especially with respect to 3-0 locations), and not simply compliance with previous RFI/RI 
(characteiiation) work plans. For example, one analytical result may represent up to 10 acres of areal 
extent (Colorado Department of Health {CDH} method) while another may represent point-locations 
(trenchlpit samples). If the desired areal control of remediation is to be "tighter" than the areal control 
provided by composite sampling, further sampling control will be necessary. Conversely, if such gross 
areas are not within a remediation area of interest (e.g., on the outer periphery of the buffer zone), 
previous composite sampling over the area is probably adequate as a gross characterization of large, 
peripheral areal plots. 



1.0 PURPOSE 

The purpose of this report is to provide the results of Environmental Restoration Management's 
Procedure 2-G32-ER-ADM-08.02, Evaluation of ERM Data for Usability in Final Reports, to indicate 
sutficial soil data usability for OU-2 remediation strategies. The data evaluated by this procedure include 
surface soil samples analyzed for radionuclides that span several projects; over 118 plots utilizing CDH 
and RFP sampling methods, over 28 plots utilizing RFP sampling methods for the OU1 Phase I l l  RFI/RI, 
and 26 trenches based on the OU-2 Phase 11 RFllRl work plan. 

2.0 BACKGROUND 

Regarding the Phase I I  RFllRl Report.903 Pad, Mound, and East Trenches Area, Operable Unit No.2 
dated October 1995, numerous surface soil sampling programs were implemented in support of the OU2 
RFI/RI including: 

The sampling of 118 plots using the CDH sampling method to determine spatial extent of 
radiological contamination including plutonium-2391240, americium-241, and uranium isotopes; 
The sampling of 118 plots using the RFP sampling method for americium-241 and plutonium- 
239/240 comparison with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination; and 
The sampling of 40 locations to generate data for use in the risk assessment. 

Two separate evaluations were performed specific to the OU-2 surficial soils data: the CDH sampling 
program and the RFP sampling program. 

Other surface soil sampling programs were implemented during the OU2 RFI/RI, which were intended 
to support the OU1 RFI/RI including: 

0 .The sampling of 1'1 8 plots using the CDH sampling method to determine spatial extent of 
ra'diological contamination including plutonium-239/240, americium-241, and uranium isotopes. 
Seven of the 10-acre plots and four of the 2.5-acre plots fall partially or entirely in OUl; 
The sampling of 118 plots using the RFP sampling method for americium-241 and plutonium- 
2391240 to compare with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination. Three of these pits are located within OU1. 

0 

0 

A surface soil sampling program was implemented in support of the OU1 Phase 111 RFVRI baseline risk 
assessment. The OU1 area was divided into four-hundred-fifty 50- by 100-foot contiguous rectangle 
plots, which were sequentially number. Twenty-four of the plotswere selected for sampling by matching 
the plots with numbers generated from a random number generating process. Four biased sampling 
locations were selected to include IHSSs 106, 130, 119.1 and 119.2 because they were most likely to 
have surface soil contamination based on site histones - contaminated liquid discharges, stored, 
drummed wastes, or wastes were buried at shallow depths. Data associated with the 4 discrete 
sampling locations identified in Technical Memorandum 5 is not being evaluated in this effort. These 
data were previously addressed under the OUl Hot Spot Removal Action. 

The final subset of data was collected from Trenches 1-26 in support of the OU2 Phase I1 RFIRI. These 
samples were collected at the surface (0-3 cm. and 3Scm.) and to approximately one meter in depth. 



3.0 WORK PLAN REQUIREMENTS 

3.1 OU-1 PHASE 111 RFI/RI SURFlClAL SOIL DATA 

Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFI/RI Work Plan, Surface Soil 
Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.1) provides the 
scope of the surface soil sampling program. 

The program included collecting samples over a grid covering approximately 52 acres. The OU1 area 
was divided into four-hundred-fifty 50- by 1 OO-foot contiguous rectangle plots, which were sequentially 
number. Twenty-four of the plots were selected for sampling by matching the plots with numbers 
generated from a random number generating process Four biased sampling locations were selected for 
sampling in IHSSs 106, 130, 119.1 and 119.2. The samples were planned with the RFP sampling 
method -- a mixture of 10 grab subsamples from which one composite sample was generated for 
analysis. Random subsamples from the composite were withdrawn and measured for numerous 
analytical measurements. With through mixing, a physical averaging'took place, so that the final sample 
analyzed represented an average concentration of the original grab subsamples and their respective 
locations. 

I The Work Plan proposed 24 plots and four discrete locations for a total of 28 surface soil samples using 
I the RFP method. 

The Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFI/RI Work Plan, Surface 
Soil Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.1) provides the 
surface soil sampling programs QA/QC requirements. The analysis program include gross alpha, gross 
beta, plutonium-239/240, americium-241, uranium-2331234, uranium-235, uranium-238, radium-226, 
and Radium 228. However, only results of radionuclides identified in the RFCA (Pu, Am, U-233/234, U- 
235, and U-238) warrant evaluation. 

I The OU1 Technical Memorandum N0.5  QAA did not state rationale for the evaluation of equipment 
rinsate blank results. Risk Assessment Guidance for Superfund (RAGS, 1989) rationale was better 
suited for this evaluation . RAGS states that if the contaminant is not a common laboratory contaminant 
then "consider site sample results as positive only if the concentration of the chemical in the site sample 
exceeds five times the maximum amount detected in any blank". Rinsate samples were evaluated 
relative to the RAGS guidance, as well as using RFCA action levels to qualitatively compare to field 
blank values. 

The OU1 TM5 did not specify rationale for the evaluation of duplicate sample results., Therefore, 
consistent with other Environmental Restoration projects at RFETS, the DQO for field duplicate samples 
was 40 percent relative percent difference for homogenous, non-aqueous samples. 

I 

I 

3.2 OU-2 PHASE II  RFllRl SURFlClAL SOIL DATA 

Technical Memorandum 1 to the Final Phase II RFllRl Work Plan (Alluvial) provided the scope of the 
surface soil sampling program. The program planned samples over a grid covering approximately 800 
acres. The State of Colorado requires special techniques for construction on lands with plutonium- 
239/240 concentrations greater than 0.9 pCi/g of dry soil. To evaluate the soil-plutonium-239/240 values 
relative to this guideline, the CDH sampling method was employed. However, CDPHE (formerly CDH) 

' has subsequently stated that the standard does not apply to the Rocky Flats site. The CDH sampling 
protocol required 25 samples to be composited within a 10-acre area for analysis. Because of the large 



concentrations in soil-plutonium-239/240 near the source, a 2.5-acre grid was sampled immediately east 
of the 903 Pad and around the East Trenches area. 

The Work Plan proposed 124 plots for sampling using the CDH method. Eighty-four 4.05-ha plots and 
thirty-four 1 .Ol-ha plots were sampled for a total of 118 plots. Plots 2, 8,  and 9 were not sampled 
because they were covered with structures and/or pavement. Plots 7, 14, 17, and 18 were not sampled 
because the plots were inside the Protected Area, where the surface is highly disturbed. Plot 0 was 
added during the field implementation stage. 

The Quality Assurance Addendum, QAA 2., to the Rocky Flats Plant Site-Wide QA Project Plan for 
CERCLA RI/RS and RCRA RFI/RI/CMS Activities for Operable Unit No.2 (Alluvial), 903 Pad, Mound, 
and East Trenches Area Phase I I  RFIIRI, August 1991 provided the data quality objects and sampling 
program for the surficial soils sampling program. The analysis program include Plutonium-239/240, 
Americium-241, and Uranium-233/234, Uranium-235, and Uranium-238. 

The OU2 Work Plan did not propose the RFP sampling method. It appears that the sampling program 
was added later to determine if sampling methods impacted RFI/RI conclusions on radionuclide (activity) 
areal distributions. 

Litaor (unpublished) states: “During the initial phase of the field work for OU 2, it became evident that 
using the CDPHE sampler for the stated objective may be difficult to implement. The CDPHE sampler 
collects only the top 0.64 cm of the soil. This minimal sampling depth exhibited two serious problems; 
(1) it was difficult to assess the exact boundary between the impacted soil surface and the litter layer 
accumulated above, and (2) the soils within the RFETS have been undisturbed for the last 30 years, 
which facilitated eolian accumulation and soil development with little or no surface erosion. This 
phenomenon may comprise the main objective of the study to provide a reliable spatial distribution of 
PU-239+240 in the soil environment around RFETS. Hence, a comparative study was conducted to 
assess actinide activity using the CDPHE and the Rocky Flats (RF) sampling techniques. ” 

Litaor applied the Wilcoxon Signed Rank test to compare the two sampling techniques and states: 

“The WSR is a non-parametric test because it uses the ranks of the data as opposea to data 
themselves. Two statistical tests were conducted. In the first test the PU-239+240 activities in the 
entire data set of 167 RF samples were compared against the 167 CDPHE samples collected from the 
same plots. There was no significant differences at the 95percent confidence level between the two 
sampling procedures. Because Pu-239+240 activity in soil changed significantly with distance and 
direction from the former storage site, a distance-dependent data design was developed. There were no 
significant differences between the two sampling procedures in most distance classes. The findings of 
this comparative study suggest that for the purpose of ecological risk assessment, the soil sampling 
technique has little effect on the outcome of the analysis. 1 

The RFP method was used to sample the 118 locations where CDH samples were collected. However, 
only data for only 106 locations were downloaded from RFEDS. Plutonium-239M40 and americium were 
analyzed. The OU2 QAA states that uranium isotopes would be performed on surface soil samples 
Eight duplicate samples and six rinsate samples were collected. No results for samples collected using 
the RFP method are presented in OU2 Phase II report. 

The OU2 QAA provided the data quality objects and sampling program for the surficial soils sampling 
program. These samples were collected in support of the OU2 Phase II RFIIRI, with required 
conformance to the QAA requirements set forth in the OU2 QAA. The QAA requirements have been 
previously provided in the CDH method section. 



3.3 SOIL PROFILE DATA 

The OU2 Work Plan proposed the excavation of 26 pits, 1.5 meter long, 1.9 meter w'ide and 1 .O meter 
deep, in order to access the vertical migration of plutonium-239/240 and americium-241 in soils east and 
south of the RFETS. Surface soil samples from the 26 soil profiles were planned using a modified trench 
method (Harley, 1972). Ten samples were collected over 3 centimeter intervals, beginning at the 
deepest block in the excavation. The samples were collected using a stainless steel scoop and template 
(3 centimeters x 20 centimeters) which were pressed into the wall of the excavation. Three samples 
from each depth were consolidated to provide a better representation of the site. 

The Work Plan described studies of physicochemical association of plutonium and americium in soils 
east of the 903 Pad using a sequential extraction methodology. The soils were to be extracted into four 
major physicochemical fractions; carbonates, organics, sequioxides, and residuals. However, the Work 
Plan also stated that spikes of plutonium-237 were added to soil samples before each extraction step to 
evaluate possible readsorption. If serious postextraction readsorption (1 5%) took place, the sequential 
extraction process would not be performed and samples collected from Trenches 1 to 5 would be 
analyzed for total plutonium-239/240 and americium. The Phase II RFVRI Report did not provide results 
of the plutonium-237 spikes. In addition, the report stated that digestion of samples was completed by 
microwave, therefore RFEDS results downloaded represent total radionuclide activity. Sequential 
extractions were not performed. 

The OU2 QAA 2 provided the data quality objectives and sampling program for surficial soils sampling. 
These samples were collected in support of the OU2 Phase II RFVRI and were required to conform to 
the QAA requirements set forth in the OU2 QAA. 

4.0 RESULTS 

The data sets from which this report were drawn consist.of the following individ,ual files, evaluated on 
Excel spreadsheets downloaded from the RFEDS, and queried based on project identifiers and three- 
dimensional locations of samples. 

4.1 PRECISION 

Use of field duplicates is the primary method of evaluation for overall precision of the radiochemistry 
process. One field duplicate collected for 20 real samples, or one per sampling event, whichever was 
more frequent, was the DQO of interest for evaluation of precision. Although several of the overall 
precision compliance numbers were below the typical data quality objectives of 40% (relative percent 
difference), all but one of the noncompliant values resulted exclusively from samples with very low 
absolute differences between QC and real samples radioacJive levels (<7 pCi/g difference). Such 
discrepancies in reproducibility (239*240Pu for the example cited) are two orders of magnitude less than the 
respective Tier 1 action levels. Therefore, overall radiochemistry values for precision, or reproducibility - 
-which encompass both laboratory and field variability - are satisfactory for the data sets reviewed. 
Recall that "overall" precision includes variability within the lab's radiochemistry measurement process 
as well as that inherent within the field sampling's standard operating procedures and decontamination 
protocols. The one exception to this general conclusion is considered, qualitatively, as an outlier, where 
the delta value was -1 0.6 nCVg. 

It should be noted for future radionuclide sampling/analysis that a DQO of 40% RPD for overall project 
precision is ambitious (Le., unrealistic for 100% compliance), due to the typically low levels of 
radionuclides found in environmental samples. Further, the DQO was based on standard analytical 
chemistry methods - organics and inorganics - at the outsets of the cited projects, and was simply - _. 



adapted to radiochemistry out of convenience and a conservative approach to QC of the 
sampling/analysis process. Two values that exceeded a 7 pCi/g delta (discussed above) were from 
samples with significant "hits", but as such, were within the DQO of <40%RPD. 

Observations on precision are discussed below , by project. 

4.1.1 OU-1 PHASE I l l  RFI/RI SURFlClAL SOIL DATA 

The data quality objective for field duplicate samples was 540% RPD for homogenous, non-aqueous 
samples. Summary results are provided below, while absolute and delta value are shown in Table 4-1, 
where values are sorted by the absolute difference ("DELTA') in results and in descending order. 

OU1 Phase 111 RFI/RI - Modified RFP Sampling Method 
Duplicate Sample Results 

P~-239/240 
Am-24 1 

U-234/235 

Soil - < 40% 34 4 4 100% 
Soil - < 40% 34 4 1 25% 
Soil < 40% 34 4 3 75% 

U-238 

Overall, the RPD of less than or equal to 40% for duplicate samples was met for 70% of the duplicates 
collected. Sample results validated as rejected were not included in the evaluation. Based on the work 
plan, over 85% of the duplicates should have met the established DQO for precision. 

Soil - < 40% 34 4 1 :  3 75% 

4.1.2 OU-2 PHASE II RFllRl SURFlClAL SOIL DATA 

U-235 
U-238 

- .The data qualit; objective for field duplicate samples was 540% RPD for homogenous, non-aqueous 
samples (OU-2 QAA). Summary results are provided below, while absolute and delta value are shown 
in Table 4-2 (CDH-method) and Table 4-3 (RFP-method), where values are sorted by the absolute 
difference ("DELTA") and in descending order. 

- .- - 
Soil - < 40% 118 4 2 50% 
Soil - c 40% 118 4 4 100% 

QU2 Phase I I  RFI/RI - CDH Sampling Method 
Duplicate Results 

I Pu-239/240 I Soil I ~ 4 0 %  I 118 I 7 I 6 
I Am-241 I Soil I ~ 4 0 %  I 118 I 7 I 7 I 100% ~~ I 
1 U-234/235 I Soil I ~ 4 0 %  I 118 I 4 1 3 ~ I 7 5 Y F  I 

66 



Tab. -1. 

SURFlClAL SOILS 
PRECIS ION RESULTS 

OU-1 PHASE I l l  RFVRI 

I PU-239/40 IDUP ISSO305OWS 
RA031 
R A O l l  
RA031 
M o l  1 
RAOll 
RAOll 
RA015 
RAOl5 
RAOll 
RA015 
R A O l l  
RAOl 1 
RA031 
R A O l  5 
RAOll 
RAOl 1 
R A O l l  
RAOll 
RAOl5 
RA03 1 
M o l  5 
RAOll 
R A O l  1 

SS03051 WS 
sso3022ws 
ss03051 ws 
sso3025ws 
sso3022ws 
sso3022ws 
sso3031ws 
ss03031 ws 
SS03025WS 
ss03031 ws 
sso3022ws 
sso3022ws 
SS03051 WS 
SS03031 WS 
sso3025ws 
sso3022ws 
ss03022ws 
sso3025ws 
ss03031 ws 
SS03051 WS 
sso3031ws 
sso3025ws 
ss03022ws 

ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 

U-238 
U-238DA 
URAN I UM-233 ,-234 
PU239/40 
U-238DA 
URANIUM-233,-234 
URANIUM-233,-234 
U-235 
URANIUM-233,-234 
U-2 3 8 DA 
AM-241 
U-235 
U-235 
PU239/40 
AM-241 
URANIUM-233,-234 
U-235 
U-235 
PU239/40 
AM-241 
AM-241 
U-238DA 
PU239/40 

DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 

ss03050ws 
SS03021 WS 
ss03050ws 
ss03024ws 
SS03021 WS 
SS03021 WS 
ss03030ws 
ss03030ws 
ss03024ws 
ss03030ws 
SS03021 WS 
SS03021 WS 
ss03050ws 
ss03030ws 
ss03024ws 
SS03021 WS 
SS03021 WS 
ss03024ws 
ss03030ws 
ss03050ws 
ss03030ws 
ss03024ws 
SS03021 WS 

1.0790 1.5800 
1.0940 0.71 36 
0.8430 1.21 50 
1.5410 1.1750 
0.9443 0.71 36 
1.0260 0.8350 
1.3860 1.5300 
0.1008 0.0406 
0.8337 0.7814 
1.6140 1.5680 
0.2090 0.251 0 
0.0594 0.0176 
0.0220 0.0580 
0.1945 0.2249 
0.2265 0.2524 
0.8550 0.8350 
0.0343 0.01 76 
0.0395 0.0523 
0.2145 0.2249 
0.5440 0.5370 
0.0553 0.0598 
0.9947 0.9987 
1.0640 1.0630 

0.501 0 
0.3804 
0.3720 
0.3660 
0.2307 
0.1 91 0 
0.1440 
0.0602 
0.0523 
0.0460 
0.0420 
0.041 8 
0.0360 
0.0304 
0.0259 
0.0200 
0.0167 
0.0128 
0.01 04 
0.0070 
0.0045 
0.0040 - 0.001 0 
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PT086 
PT096 
Pi068 
PT089 
PT122 
PT058 
PT072 
PT068 
PT089 
PT058 
PTOl 1 
PT086 
PT122 
PT096 
PT122 
PT083 
PT083 
PT122 
PT072 
PTlO4 
PTOl 1 
PTlO4 
PT083 
PT083 

SS00737STU2 
SS01117ST 
SS00800STU2 
SSOl140ST 
SS00749STU2 
SSOll66ST 
SSOI 130ST 
SS00800STU2 
SSOl140ST 
SSOl166ST 
SS00773STU2 
SS00737STU2 
SS00749STU2 
SSOl 1 17ST 
SS00749STU2 
SS00761 STU2 
SS00761 STU2 
SS00749STU2 
SSOll30ST 
SSOll35ST 
SS00773STU2 
SSOll35ST 
SS00761 STU2 
SS00761 STU2 

ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss- 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 

Tab. -3. 

RFP-Method Surficial Soils 
PRECISION RESULTS 

OU-2 PHASE II RFVRI 

PU-239,240 DUP 
PU239/40 DUP 
PU-239,240 , DUP 
PU-239,240 DUP 
PU-239,240 DUP 
PU-239,240 DUP 
PU239/40 DUP 
AM-24 1 DUP 
AM-241 DUP 
AM-241 DUP 

AM-24 1 DUP 
AM-24 1 DUP 
AM-241 DUP 
AM-24 1 DUP 

AM-24 1 DUP 
AM-24 1 DUP 
AM-241 DUP 

AM-241 DUP 
AM-241 DUP 
AM-241 DUP 
AM-24 1 DUP 

PU-239,240 DUP 

PU-239,240 DUP 

PU-239,240 DUP 

SS00736STU2 
SSOI 116ST 
SS00799STU2 
SSOl120ST 
SS00748STU2 
SSOl165ST 
SSOl129ST 
SS00799STU2 
SSOl120ST 
SSOl165ST 
SS00772STU2 
SS00736STU2 
SS00748STU2 
SSOl116ST 
SS00748STU2 
SS00760STU2 
SS00760STU2 
SS00748STU2 
SSOll29ST 
SSOl134ST 
SS00772STU2 
SSOl134ST 
SS00760STU2 
SS00760STU2 

1 1,000 0000 
1.5030 
1.691 0 

29.0000 
3.4600 
4.4740 
6.2970 

13.1700 
5.1000 
0.4301 
0.9090 
0.5970 
1.1090 
0.5031 
0.2684 
0.4240 
1.4880 
0.1190 
0.2580 
2.0970 
2.9180 
0.0400 
0.4597 
0.1970 
0.1797 

8.743 
8.448 

23 

2.262 
4.392 
11.58 

4.3 

0.4869 
0.27 

0.9303 
0.3948 
0.3733 

0.33 
1.427 
0.175 
0.224 
2.069 
2.939 
0.058 

0.47 17 
0.185 

0.1685 

7.2400 
6.7570 
6.0000 
3.4600 
2.2120 
1.9050 
1.5900 
0.8000 
0.4301 
0.4221 
0.3270 
0.1787 
0.1083 
0.1049 
0.0940 
0.0610 
0.0560 
0.0340 
0.0280 
0.0210 
0.0180 
0.0120 
0.0120 
0.01 12 
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Overall, the RPD of less than or equal to 40% for duplicate samples was met for 85% of the duplicates 
collected by the CDH method. Uranium isotopic results for duplicate samples from plots 58, 106. and 
116 were not located in RFEDS. 

OU2 Phase II RFVRI - RF Sampling Method 

Duplicate Results 

QNQC sample collection requirements were met for both plutonium-239/240 and americium 241 in 
support of the RFP sampling program. However, no real sample results could be located for duplicate 
samples collected at Plot PT089 sample number SSOl120ST. Overall, 68% of duplicate sample results 
were within the specified RPD range. At least 85% of all quality control samples were required to comply 
with the established precision, or RPD goals. This evaluation of duplicate sample results indicates that 
the Pu-239/240 and Am-241 values determined from samples collected using the RFP method do not 
meet,the minimum requirements of DQOs for precision. 

4.1.3 SOIL PROFILE DATA 

Consistent with the OU-2 Work Plan, the DQO for field duplicate samples was 4 0 %  RPD for 
homogenous, non-aqueous samples. Summary results are provided below, while absolute and delta 
value are shown in Table 4-4, where values are sorted by the absolute difference ("delta) in results and 
in descending order. 

OU2 Phase I1 RFI/RI - Soil Profile Program 
Duplicate Resu Its 

PU-239 I Soil I - c 40% I 258 I 10 I 6 I 60% 
Am-241 1 Soil 40% 257 10 3 30% 

I U-2331234 I Soil I <40% I 268 I 10 I 7 I 70% I 
I U-235 I Soil I ~ 4 0 %  I 266 1 10 I 1 1 10% I 
L U-238 I Soil I 40% I 268 I 10 I 8 80% 

~ ~~ ~ 

QNQC sample collection requirements were not met for radionuclide samples collected in support of this 
program. Fourteen duplicate samples were required to be collected to meet the one duplicate per 
twenty real sample ratio. Duplicate and real sample results validated asrejected were not incorporated 
into the evaluation. Overall, 50% of duplicate sample results were within the specified RPD range. At 
least 85% of all quality control samples are required to comply with the established precision, or RPD 
goals. 



TR08 
TR20 
TR02 
TR18 
TR18 
TR23 
TR02 
TR23 
TR23 
TRl2 
TR20 
TR14 
TR14 
TR12 
TR14 
rR25 
TR02 
TR12 

TR18 
TWO 

TR25 
TR18 

T R O ~  

T R O ~  

r ~ 2 5  

TR00333WCU2 
TR00061 WCUZ 
TR00398WCU2 
TR00096WCU2 
TR00096WCU2 
TR00040WCU2 
TR00394WCU2 
TR00040WCU2 
TR00040WCU2 
TR00261 WCU2 
TR00061 WCU2 
TR00249WCU2 
TR00249WCU2 
TR00259WCU2 
TR00249WCU2 
TR00232WCU2 
TR00394WCU2 
TR00261 WCUZ 
TR00333WCU2 
TR00096WCU2 
TR00061 WCUZ 
TR00333 WCU2 
TR00232WCU2 
TR00096WCUZ 
TR00232WCU2 

Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 

ITR00398WCU2 Isoil 

AM-241 
PU239/240 
PU239/40 
P U239/240 

Am241 

PU239/240 

PU239/40 
U238 

PU239/40 

U-2331234 

U-233/234 

U-233/234 

U-233/234 

U-233/234 
U-238DA 
U-233/234 
U-238DA 
U-238DA 
U-233/234 
U238 
U-233/234 
U-238DA 
PU239/40 
AM241 
U-238DA 
U-233/234 

Tabl. 4. 
TRENCHIPIT 

SURFACE SOILS 
PRECIS ION RESULTS 

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

DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 

TR00329WCU2 
TR00060WCU2 
TR00397WCU2 
TR00095WCU2 
TR00095WCU2 
TR00039WCU2 
TR00393WCU2 
TR00039WCU2 
TR00039WCU2 
TR00260WCU2 
TR00060WCU2 
TR00248WCU2 
TR00248 WCU2 
TR00258 WC U2 
TR00248WCU2 
TR00231 WCU2 
TR00393WCU2 
TR00260WCU2 
TR00329WCU2 
TR00095WCU2 
TR00060WCU2 
TR00329WCU2 
TR00231 WCU2 
TR00095WCU2 
TR00231 WCU2 
TR00397WCU2 

1333.0000 
1.0800 
0.5649 
2.3562 
0.4502 
0.0000 
1.1760 
0.8450 
0.431 0 
0.4360 
0.5988 

5.4730 
0.3366 
0.6672 
1.4730 
1.3080 
0.5333 
6.9760 
0.5145 
0.5290 

10.6700 
0.3732 
0.5307 
1.5060 
0.8607 

. 0.9117 

11 37.0000 
1.9700 
1.2790 
2.9400 
0.91 10 
0.4200 
0.81 59 
0.5060 
0.1210 
0.1633 
0.3280 
1.1700 
5.7010 
0.561 5 
0.8772 
1.2660 
1.1110 
0.7254 
6.7960 
0.6665 
0.3940 

10.5500 
0.2577 
0.4250 
1.6040 
0.9566 

196.000 
0.8900 
0.7141 
0.5838 
0.4608 
0.4200 
0.3601 
0.3390 
0.3100 
0.2727 
0.2708 
0.2583 
0.2280 
0.2249 
0.2100 
0.2070 
0.1970 
0.1 921 
0.1 800 
0.1 520 
0.1350 
0.1200 
0.1155 
0.1057 
0.0980 
0.0959 

16 
58 
77 
22 
68 

200 
36 
50 

112 
91 
58 
25 
4 

50 
27 
15 
16 
31 
3 

26 
29 

1 
37 
22 
6 

11 
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TR12 
TR20 
TR08 
TR12 
TR02 
TR20 
TR14 
TR02 
TR02 
TR12 
TR14 
TR14 
TR23 
TR25 
TR12 
TR23 
TR23 
TR12 
TR12 
TR12 
~ ~ 1 ' 8  
TR02 
TR25 
TR23 
TR02 
TR02 
TR23 

TR00259WCU2 
TR00061 WCU2 
TR00333WCU2 
TR00259WCU2 
TR00398WCU2 
TR00061 WCUP 
TR00249WCU2 
TR00398WCU2 
TR00394WCU2 
TR00261 WCU2 
TR00249 WCUZ 
TR00249WCU2 
TR00040WCU2 
TR00232WCU2 
TR00261 WCU2 
TR00040WCU2 
TR00040WCU2 
TR00259WCU2 
TR00259WCU2 
TR00261 WCU2 
TR00096WCU2 
TR00398WCU2 
TR00232WCU2 
TR00040WCU2 
TR00394WCU2 
TR00394WCU2 
TR00040WCU2 

Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
soil 
Soil 
Soil 
Soil 
Soil 
Soil 

ITR23 , ITR00040WCU2 (Soil 

Tabl.. 4. 
TRENCH/PIT 

SURFACE SOILS 
PRECISION RESULTS 

U-238DA DUP 
U235 DUP 
U-235 DUP 
PU239/40 DUP 
AM-241 DUP 
AM241 DUP 
U-235 DUP 
U-238DA DUP 
U-235 DUP 
AM-241 DUP 
AM-24 1 DUP 
AM-241 DUP 
PU239/240 DUP 
AM-241 DUP 
U-235 , DUP 
U235 DUP 
U-235 DUP 
AM-241 DUP 
U-235 DUP 
U-233/234 DUP 
U235 '3UP . 
U-235 DUP 
U-235 DUP 

AM-241 DUP 
PU239/40 DUP 
U-238 DUP 
AM241 DUP 

* 

U-233/234 DUP 

TR00258WCU2 
TR00060WCU2 
TR00329WCU2 
TR00258WCU2 
TR00397WCU2 
TR00060WCU2 
TR00248WCU2 
TR00397WCU2 
TR00393WCU2 
TR00260WC U2 
TR00248 WCU2 
TR00248WCU2 
TR00039WCU2 
TR00231 WCU2 
TR00260WCU2 
TR00039WCU2 
TR00039WCU2 
TR00258WCU2 
TR00258WCU2 
TR00260WCU2 
TR00095WCU2 
TR00397WCU2 
TR00231 WCUZ 
TR00039WCU2 
TR00393WCU2 
TR00393WCU2 
TR00039WCU2 
TR00039WCU2 

0.8386 
0.0420 
1.8430 
0.1693 
0.0738 
0.1000 
0.0660 
1.1310 
0.031 0 
0.0769 
0.9106 
1 .I980 
0.0721 
0.0888 
0.0432 
0.0240 
0.0000 
0.0284 
0.01 53 
0.5333 
0.0150 
0.01 12 
0.01 02 
0.21 35 
0.0056 
0.031 1 
0.1660 
0.0089 

0.757C 
0.1220 
1.7660 
0.2425 

0.1 680 
-0.0009 
1.078C 
0.0773 
0.0353 
0.9518 
1.2370 
0.0380 
0.0564 
0.0691 
0.0000 
0.0221 
0.0504 
0.0355 
0.5147 
0.0000 
0.0000 
0.0000 
0.221 0 
0.0129 
0.0238 
0.1620 

0.1418 

I 0.0816 
1 0.0800 
1 0.0770 
I 0.0732 
I 0.0680 
1 0.0680 
1 0.0669 
I 0.0530 
I 0.0463 
1 0.0416 
I 0.0412 
I 0.0390 
1 0.0341 
I 0,0324 

0.0259 
I 0.0240 

0.0221 
0.0220 

1 0.0202 
, 0.0186 

1 0.0150 
1 0.0112 
1 0.0102 
I 0.0075 
1 0.0073 

0.0073 
1 0.0040 

10 
98 

4 
36 
63 
51 

206 
5 

86 
74 

4 
3 

62 
45 
46 

200 
200 
56 
80 
4 

200 
200 
200 

3 
79 
27 
2 

0.00671 0.00221 28 
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4.2 ACCURACY 

Am-241 

' In general, accuracy of the radiochemical analyses, for all subsets of samples evaluated, was 
satisfactory based on: 

Alpha Spec 

AlDha SDec 
it $ GRRASP Part B 0.02 0.02 - c0.014 

e 

0 

The percentage of sample results validated; 
The percentage of validated sample results that were acceptable (not rejected); 
Consistency and magnitude of detections limits as compared with RFCA Tier I Action Levels 
(reporting limits were typically 3 to 4 orders of magnitude less than action levels); and 
relatively low to nondetected values of radionuclides in field blank samples (specifically field 
rinsates) associated with the real environmental samples, indicating insignificant bias of real 
samples toward false positive results. 

U-2331234 

U-235 

U-238 

Reporting limits for radionuclides in water samples (per GRRASP specifications {DOE/EG&G Rocky 
Flats, 1994)) range from 0.01 pCi/L (Pu, Am) to 0.6 pCi/L (U), and were only used qualitatively to 
compare with soil samples, which are measured in different units (pCi/g). 

a, c, d, g, h GRRASP Part B 0.3 0.3 - <0.060 
Alpha Spec 

Alpha Spec 

Alpha Spec 

a, c, d, g, h GRRASP Part B 0.3 0.3 . - ~0.053 

a, c, d, g, h GRRASP Part B 0.3 0.3 - ~0.050 

4.2.1 OU-I PHASE I l l  RFllRl DATA 

Analytical methods performed on samples were performed utilizing alpha spectroscopy methods as 
outlined in the General Radiochemistry and Routine Analytical Services Protocol (GRRASP, DOE/EG&G 
Rocky Flats, 1994). Methods proposed in OU1 TM5 included EPA analytical methods and additional 
published methods. The reason for the revision in analytical program is not documented .in the OU1 
Phase Ill RFI/RI Report. However, the proposed method detection limits and GRRASP (ibid.) detection 
limits are identical. Results tabulated below indicate that actual detection limits were well within 
contractual specifications given to the labs, as well as significantly less than RFCA action levels. 

OU1 Phase 111 RFllRl - Soil Sampling Program 
Detection Limits 

a. Harley, J.H., ed., 1975. HASL Procedures Manual, HASL300: Washington, DC, U.S. Energy Research and 
Development Administration. 

c. U.S. EPA, 1976. Interim Radiochemical Methodology for Drinkirig Water, Report No. EPA-600/4-75-008. 
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d. U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of  Environmental Samples, Report No. 
EMSL-LY-0539- I, Las Vcgas, NV. U.S. Environmental Protection Agency. Cincinnati, OH. U.S. 
Environmental Protection Agency. 
“Methods for Determination o f  Radioactive Substance in Water and Fluvial Sediment”, U.S.G.S. Book AS, 
1977. 
U.S. EPA, 1979. Acid Dissolution Method for the Analysis o f  Plutonium-Plutonium-239/240 in Soils. EPA- 
600/7-79-08 I .  U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 
Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation o f  Alpha 
Spectrometrically Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los AIamos National 
Laboratories. 
Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation o f  Plutonium-239/240 from 
Urine Samples. 
U.S. EPA. EPA-57019-8 1-002, Radioactivity in Drinking Water. 

g. 

h. 

i. 

j. 

k. 

I 

Am-24 1 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can only 
be compared indirectly between the rinsate results and the real (soil) sample results -- due to different 
matrix types -- results indicate only very low levels of activity (<0.2pCi/L), well within the overall precision 
of the soil sample measurements. Therefore, no significant cross-contamination is evident, from 
decontamination procedures or otherwise, which would bias the real sample results toward false positive 
values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-5. 

Alpha Spec 

AlDha Swc  
i, 1, PI q, s GRRASP Part B 0.01 0.02 - ~0.287 

4.2.2 OU-2 PHASE II RFllRl DATA 

U-233/234 

U-235 

U-238 

The OU2 QAA identified EPA and other published laboratory methods for the determination of 
radionuclides in surface soil samples. The samples were analyzed utilizing alpha spectroscopy 
according to the General Radiochemistry and Routine Analytical Services Protocol (GRRASP, 1991) . 
The GRRASP method has identical detection limits (0.03 pCi/g) for plutonium-239/240 and a slightly 
higher detection limit (0.02 pCilg) for americium-241. GRRASP detection limits for uranium isotopes are 
one order of magnitude higher (0.3 pCi/g) than proposed (0.06 pCi/g) but are acceptable for the 
determination of spatial extent of Contamination at the RFETS. Results tabulated below indicate that 
detection limits are at or below those required in the GRRASP, with the exception of plutonium and 
americium; however, exceedances of this magnitude are insignificant relative to RFCA cleanup levels. 

f, h. i, I, m, n, s GRRASP Part B 0.06 0.3 - <0.077 

f, h, i, I, m, n, s GRRASPPartB ‘ 0.06 0.3 - ~0.300 

f, h, i, I ,  m, n, s GRRASP Part B 0.06 0.3 - ~0.300 

Alphaspec \% 

Alpha Spec 

Alpha Spec 

OU2 Phase I I  RFllRl - CDH Sampling Method 
Detection Limits 



Tablt 5. 

RAOI 1 
RA031 
RAOI 1 
RA03 1 
RAOI 1 
RAOI 1 
RA031 
RA031 
RAOI 1 

I 
Partner t 

OU-I PHASE I l l  RFI/RI 
SURFlClAL SOILS 

RINSATE DATA 

ss03023ws 
ss03052 ws 
ss03023ws 
ss03052ws 
ss03023ws 
ss03023ws 
ss03052 ws 
ss03052ws 
ss03023ws 

27-FEB-92 
03-MAR-92 
27-FEB-92 
03-MAR-92 
27-FEB-92 
27-FEB-92 
03-MAR-92 
03-MAR-92 
27-FEB-92 

' 

U-238 DA 
P U2 39/40 
AM-241 
AM-241 
P U 239/40 
U-235 
U-238DA 
U-235 
URANIUM-233,-234 

I I 

entification and sample dates not provided from RFEI 

0.01 9c 
0.0056 
0.0046 
0..0016 
0.001 4 

-0.0069 
-0.0069 
-0.01 03 
-0.01 73 

PCI/L A 
PCVL A 
PCVL A 

PCVL A 
PCVL A 
PCVL A 
PCVL A 
PCI/L A 

iPCI/L A 

I L 

S. 

, 
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f U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, 
Report No. EMSL-LY-0539-1, Las Vegas, NV. U.S. Environmental Protection Agency. 

h U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75- 
008. Cincinnati, OH. U.S. Environmental Protection Agency. 

i Harley, J.H., ed., 1975. ASL Procedures Manual, HASL-300: Washington, DC, U.S. Energy 
Research and Development Administratio’n. 

I U.S. EPA, August 1980. Prescribed Procedures for Measurement of Radioactivity in Drinking Water. 
Environmental Monitoring and Support Laboratory. Office of Research and Development. 

m U.S. Geological Survey, 1977. Book 5. Methods for Determination of Radioactive Substances in 
Water and Fluvial Sediments. 

n U.S. EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-239/240 in Soils. 
EPA-600/7-79-081. US. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 

o Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha 
Spectrometrically Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los Alamos 
National Laboratories. 

p Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium- 
Plutonium-239/240 from Urine Samples. 

’ q U.S. EPA. EPA-570/9-81-002, Radioactivity in Drinking Water. 
s US. EPA, 1987. EPA-520/5-84-006. Eastern Environmental Radiation Facility Radiochemistry 

Procedures Manual. 

The OU2 QAA states that equipment rinsate blanks are considered acceptable if the concentration of the 
analytes of interest is less than three times the required detection limit for the analyte. However, this 
strategy is not consistent with the Risk Assessment Guidance for Superfund (RAGS, 1989). RAGS 
states that if the contaminant is not a common laboratory contaminant then “consider site sample results 
as positive only if the concentration of the chemical in the site sample exceeds five times the maximum 
amount detected in any blank.”. Rinsate samples were evaluated according to the RAGS guidance for 
this effort. 

Analytical methods performed on samples collected utilizing the CDH method were performed utilizing 
alpha spectroscopy methods as’outlined in the General Radiochemistry and Routine Analytical Services 
Protocol (GRRASP). Methods proposed in the OU2 QAA included EPA analytical methods and 
additional published methods. The reason for the revision in analytical program is not documented in the 
OU2 Phase II RFI/RI Report. Based on validation percentages and reporting limits, the various 
radiochemistry methods are comparable. 

Blank samples associated with the real samples were also evaluated to determine if accuracy was 
affected (biased toward false positives) by crosscontamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Alt,hough magnitudes of radioactivity can only 
be compared indirectly between the rinsate results and the real (soil) sample results - due to different 
matrix types - rinsate results indicate only very low levels of activity (<0.14pCi/L), well within the overall 
precision of the soil sample measurements. Therefore, no significant crosscontamination is evident, 
from decontamination procedures or otherwise, which would bias the real sample results toward false 
positive values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-6. 

Although not specified in the OU2 Work Plan the surface soils collected by the RFP method in support of 
the Phase II RFllRl are required to follow the protocols identified in the OU2 QAA. 

Sample analyses was performed according to the GRRASP. The GRRASP detection limits for Pu and 
Am-241 are similar to the detection limits proposed in the OU2 Work Plan and considered acceptable 
analytical methods. Results tabulated below indicate that detection limits exceed those required in the 
GRRASP; however, exceedances of this magnitude are insignificant relative to RFCA cleanup levels (2 
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PT031 
PT031 
PT045 
PT106 
PT044 
PT058 
PT066 
PT031 
PTI 16 
PT066 
PT031 
PT044 
PT106 
PT058 
PT045 
PT116 
PT031 

PT045 
- PT045 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

SS80014WCU2 
SS80014WCU2 
SS80012WCU2 
SS80002WCU2 
SS80008WCU2 
SS80006WCU2 
SS8001 OWCU2 
SS80014WCU2 
SS80004WCU2 
SS8001 OWCU2 
SS80014WCU2 
SS80008WCU2 
SS80002WC U 2 
SS80006WCU2 
SS80012WCU2 
SS80004WCU2 
SS80014WCU2 
SS80012WCU2 
SS80012WCU2 

Tab, .-6. 

SURFlClAL SOIL 
RINSATE RESULTS 

CDH-METHOD (OU-2) 

13-AUG-91 
14-AUG-91 
14-AUG-91 
13-AUG-91 
09-J UL-91 
08-AUG-91 
30-JUL-91 
09-AUG-91 
14-AUG-91 
10-JUL-91 
09-AUG-91 
14-AUG-91 
08-AUG-91 
09-JUL-91 
30-JUL-91 
13-AUG-91 
10-JUL-91 
14-AUG-91 
13-AUG-91 
13-AUG-91 

URAN I UM-233,-234 
U-238DA 
URANl UM-233,-234 
AM-241 
AM-241 
AM-241 
AM-241 
PU-239,240 
P U 2 39/4 0 
AM-241 
AM-24 1 
AM-24 1 
P U-239,240 
PU239/40 

P U 2 39/40 
P U 239/40 

PU-239,240 

U-235 
U-235 
U -238 DA 

0.0885 PCI/L 
0.0885 PCVL 
0.0161 PCI/L 
0.0101 PCVL 
0.0100 PCI/L 
0.0060 PCVL 
0.0060 PCI/L 
0.0055 PCI/L 
0.0049 PCI/L 
0.0030 PCVL 
0.0025 PCVL 
0.0010 PCVL 
0.0003 PCI/L 
0.0000 PCI/L 

-0.0006 PCI/L 
-0.0007 PCI/L 
-0.0080 PCI/L 
-0.0204 PCI/L 
-0.0204 PCVL 

- 
A 
A 
A 
A 
V 
V 
V 
V 
A 
V 
V 
A 
V 
v 
V 
A 
v 
A 
A 
A - 
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; orders of magnitude less than Tier I action levels). 

Am-241 

OU2 Phase II RFllRl - RFP Sampling Method 
Detection Limits 

Alpha Spec 

Alpha Spec 
i, I, p, q, s . GRRASP Part B, 0.01 0.02 - ~5.7290 

P~-239/240 

Am-24 1 

U-233/234 

U-235 

U-238 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination' during sampling or shipment; specifically, 
rinsate samples were used for this purpose. Although magnitudes of radioactivity can only be compared 
indirectly between the rinsate results and the real (soil) sample results - due to different matrix types -- 
rinsate results indicate only very low levels of activity (<0.12pCi/L), well within the overall precision of the 
soil sample measurements. Therefore, no significant cross-contamination is evident, from 
decontamination procedures or otherwise, which would bias the real sample results toward false positive 
values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-7. 

i, I,o, P, s GRRASP Part B 0.03 0.03 - e o 0 0  
Alpha Spec 

Alpha Spec 

Alpha Spec 

Alpha Spec 

Ahha Saec 

i, 1. P, 9, s GRRASP Part B 0.0 1 0.02 - <3 .OOO 

f, h, i, 1, m, n, s GRRASP Part B 0.06 0.3 - < 1.860 

f, h, i, 1, m, n, s GRRASP Part B . 0.06 0.3 - <0.945 

f, h, i, 1, m, n, s GRRASP Part B 0.06 0.3 - < 1.320 

4.2.3 SOIL PROFILE DATA 

Analytical methods performed on samples collected utilizing under the trench program were performed 
utilizing alpha spectroscopy methods as outlined in the General Radiochemistry and Routine Analytical 
Services Protocol (GRRASP). Methods proposed in the OU2 QAA included EPA analytical methods and 
additional published methods. The reason for the revision in analytical program is not documented in the 
OU2 Phase I1 RFI/RI Report. Results tabulated below indicate that detection limits exceed those required 
in the GRRASP; however, exceedances of this magnitude are insignificant relative to RFCA cleanup 
levels (2 orders of magnitude less than Tier I actan levels). 

OU2 Phase II RFllRl -Soil Profile Sampling Program 
Detection Limits 

. .  . . ;  



- 
PTOl1 
PTOl9 
PTOl9 
PT020 
PT020 
PT020 
PT083 
PT083 
PT086 
PT086 
PT089 
PT089 
PT104 
PT104 
PT122 
PT122 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS - 

SS00774STU2 
SS00808STU2 
SS00808STU2 
SS00803STU2 
SS00803STU2 
SS00803STU2 
SS00762STU2 
SS00762STU2 
SS00738STU2 
SS00738STU2 
SSOl141ST 
SSOl141ST 
SSOl136ST 
SSOl136ST 
SS00750STU2 
SS00750STU2 

Table 4-7. 

SURFICAL SOILS 
RINSATE RESULTS 

RFP-NETHOD (OU-2) 

14-OCT-91 AM-241 
27-NOV-91 Plutonium 239/240 
27-NOV-91 Americium 241 
27-NOV-91 Plutonium 239/240 
27-NOV-91 Americium 241 
27-NOV-91 Americium 241 
11-OCT-91 Plutonium 239/240 
11-OCT-91 AM-241 
08-OCT-91 PU-239,240 
08-OCT-91 AM-241 
1 1 -NOV-92 PU239/40 
11-NOV-92 AM-241 
11 -NOV-92 Am-241 
11 -NOV-92 Pu-239/40 
10-OCT-91 AM-241 
10-OCT-91 PU-239,240 

Rfprad2 

0.003C 
0.120c 
0.043C 
0.065C 
0.012c 
0.009c 
o.ooia 

-0.0020 
0.0420 
o.oi9a 
0.0033 
0.0027 
0.0024 

0.0050 
0.0020 

o.oooa 

PCVL A 
PCI/L A 
PCVL v 
PCllL A 
PCI/L v 
PCllL v 
PCI/L v 
PCI/L A 
PCI/L v 
PCVL v 
PCVL A 
PCI/L A 
PCI/L A 
PCI/L A 
PCI/L v 
PCI/L v 
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Blank samples associated with the real samples must also be evaluated to determine if accuracy 
was affected (biased toward false positives) by crosscontamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can 
only be compared indirectly between the rinsate results and the real (soil) sample results -- due to 
different matrix types -- results indicate only very low levels of activity (<lpCi/L), well within the 
overall precision of the soil sample measurements. Therefore, no significant cross-contamination 
is evident, from decontamination procedur,es or otherwise, which would bias the real sample 
results toward false positive values. Results of rinsates, sorted from highest to lowest values, are 
given in Table 4-8. 

4.3 COMPLETENE~~ 

Completeness relative to previous work plan specifications was adequate. Completeness relative 
to the prospective OU-2 surficial soil remediation is indeterminate with this evaluation, and can 
only be determined when the "historical" data reviewed herein are compared with specific 
remediation objectives. 

4.3.1 OU-1 PHASE Ill RFI/RI DATA L 

The data was downloaded from the RFEDS and was determined to be 72 percent validated prior 
to evaluating for usability according to this procedure. 

4.3.1.1 REAL SAMPLES 

A total of 34 surface soil samples were collected at 28 of the proposed 28 plots. The 
radiochemical analyses include gross alpha, gross beta, plutonium-239/240, americium-241, 
uranium-2331234, uranium-235, uranium-238, radium-226, and radium 228. As previously stated 
only results from the analysis of plutonium-239/240, americium-241, uranium-233/234, uranium- 
235, and uranium-238 will be evaluated. 



Table 4-8. 
TRENCHlPlT 

SURFlClAL SOILS 
RINSATE RESULTS 

. i  

RaOOul 
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TR22 
TR22 

TR20 

rROl 

rROl 
rR05 

rR02 
rR20 

rR12 

rR20 
rR05 

rR22 
rROl 
rR19 
rR19 
rR10 

rR17 
r ~ o 3  

rwo 
rws 

r ~ o 8  
rwo 

r ~ i  7 
r ~ o 5  

rR09 
TR02 

rR17 

TR11 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS - 

TR00382WCU2 
TR00382WCU2 
TR00033WCU2 
TR00033WCU2 
TR00334WCU2 
TR00063WCU2 
TR00368WCU2 
TR00357 WCU2 
TR00382WCU2 
TR00357WCU2 
TR00368WCU2 
TR00392WCU2 
TR00405 WCU2 
TR00063WCU2 
TR00317WCU2 
TR00268WCU2 
TR00368WCU2 
TR00334WCU2 
TR00392WCU2 
TR00217WCU2 
TR00063WCU2 
TR00368 WCU2 
TR00165WCU2 
TR00033WCU2 
TR00357WCU2 
TROOI 49WCU2 
TR00149WCU2 
TROOl82WCU2 
TR00382WCU2 
TROOl65WCU2 
TR00033WCU2 
TR00234 WCU2 

TR00405WCU2 
TR00334WCU2 
TR00063WCU2 
TR00165WCU2 
TROO165WCU2 
TR00368 WCU2 
TR00285WCU2 
TR00217WCU2 

~ ~ 0 0 3 0 1  w c u 2  

27-JUL-92 Ul238DA 
20-AUG-91 PU239/40 
20-AUG-91 AM241 
10-OCT-91 PU239/40 
22-AUG-91 PU239/240 
13-JUL-92 U-233,-234 
08-JUN-92 U-235 
27-JUL-92 U-235 
08-JUN-92 U-238DA 
13-JUL-92 U-238DA 
29-JUL-92 U-233,-234 
10-AUG-92 PU239/40 
22-AUG-91 AM241 
D9-OCT-91 U-233,-234 
25-SEP-91 U-233,-234 
13-JUL-92 PU239/40 
10-OCT-91 AM-241 
29-JUL-92 U-238DA 
19-SEP-91 U-238DA 
22-AUG-91 U-233,-234 
13-JUL-92 U-235 
35-SEP-91 U238 
20-AUG-91 U-233,-234 
D8-JUN-92 U-233,-234 
34-SEP-91 U-233,-234 
34-SEP-91 U-238DA 
12-SEP-91 U-233,-234 
27-JUL-92 PU239MO 
35-SEP-91 Americium 2 
20-AUG-91 U-238 
23-SEP-91 U-233,-234 
38-OCT-91 PU239MO 
10-AUG-92 AM-241 
10-OCT-91 U-238DA 
22-AUG-91 U238 
35-SEP-91 U-233,-234 

13-JUL-92 AM-241 
26-SEP-91 PU239/40 
19-SEP-91 U-233,-234 

35-SEP-91 Plutonium 2 

1 Of2 

0.9200 PCI/L 
0.8600 PCI/L 
0.6800 PCI/L 
0.6400 PCI/L 
0.6087 PCI/L 
0.5300 PCI/L 
0.4500 PCVL 
0.3300 PCI/L 
0.3090 PCVL 
0.2330 PCI/L 
0.2123 PCI/L 
0.1912 PCVL 
0.1900 PCVL 
0.1700 PCI/L 
0.1679 PCVL 
0.1475 PCI/L 
0.1400 PCI/L 
0.1382 PCI/L 
0.1207 PCI/L 
0.1135 PCI/L 
0.1 100 PCI/L 
0.0966 PCI/L 
0.0952 PCI/L 
0.0900 PCVL 
0.0750 PCI/L 
0.0732 PCI/L 
0.0732 PCVL 
0.0699 PCVL 
0.0520 PCllL 
0.0514 PCVL 
0.0500 PCI/L 
0.0477 PCI/L 
0.0459 PCVL 
0.0440 PCI/L 
0.0406 PClR 
0.0400 PCVL 
0.0381 PCI/L 
0.0242 PClL  
0.0220 PClL  
0.0208 PCl/L 
0.0206 PClR 

- 
A 
JA 

V 

A 
A 
A 
JA 
JA 
A 
A 

V '  
A 
A 
v 
JA 
A 

A 

A 
A 
A 
A 
A 

A 
A 
A 
V 

A 
A 
A 
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Table 4-8. 
TRENCH/PIT 

SURFlClAL SOILS 
RlNSATE RESULTS 

RaOOul 

TR03 RNS 
TR19 RNS 
TRlO RNS 
TR25 RNS 
TR09 RNS 
TR26 RNS 
TR03 RNS 
TR04 RNS 
TR07 RNS 
TRlO RNS 
TR14 RNS 
TR04 RNS 
TR12 RNS 
TR03 RNS 
TRl l  RNS 
TR07 RNS 
TR19 RNS 
TR24 RNS 
TR25 RNS 
TR14 RNS 
TR24 RNS 
TR25 RNS 
TROl RNS 
TR19 RNS 
TR26 RNS 
TR26 RNS 
TR03 RNS 
TR04 RNS 
TR07 RNS 
TR07 RNS 
TR08 RNS 
TR09 RNS 
TR09 RNS 
TRlO RNS 
TR12 RNS 
TR14 RNS 

TR00392WCU2 29-JUL-92 PU239/40 
TROOl49WCU2 04-SEP-91 U-235 
TROOl82WCU2 12-SEP-91 AM-241 
TR00234WCU2 23-SEP-91 U-238DA 
TR00301 WCU2 08-OCT-91 AM-241 
TR00217WCU2 19-SEP-91 U-235 
TR00392WCU2 29-JUL-92 AM-241 
TR00423WCU2 25-AUG-92 AM-241 
TR00317WCU2 09-OCT-91 PU239/40 
TROOl82WCU2 12-SEP-91 PU239/40 
TR00250WCU2 24-SEP-91 AM-241- 
TR00423WCU2 25-AUG-92 PU239/40 
TR00268WCU2 25-SEP-91 AM-241 
TR00382WCU2 27-JUL-92 AM-241 
TR00285WCU2 26-SEP-91 AM-241 
TR00317WCU2 09-OCT-91 AM-241 
TROOl49WCU2 04-SEP-91 AM-241 
TROOl98WCU2 17-SEP-91 AM-241 
TR00234WCU2 23-SEP-91 PU239/40 
TR00250WCU2 24-SEP-91 PU239/40 
TROOl 98WCU2 17-SEP-91 PU239/40 
TR00234WCU2 23-SEP-91 AM-241 
TR00357WCU2 08-JUH-92 PU239140 
TROOl 49WCU2 04-SEP-91 PU239/40 
TR00217WCU2 19-SEP-91 AM-241 
TR00217WCU2 19-SEP-91 PU239/40 
TR00392WCU2 29-JUL-92 U-235 
TR00423WCU2 25-AUG-92 U-235 
TR00317WCU2 09-OCT-91 U-235 
TR00317WCU2 09-OCT-91 U-238DA 
TR00334WCU2 10-OCT-91 U-233,-234 
TR00301 WCU2 08-OCT-91 U-235 
TR00301 WCU2 08-OCT-91 U-238DA 
TROOl82WCU2 12-SEP-91 U-235 
TR00268WCU2 25-SEP-91 U-238DA 
TR00250WCU2 24-SEP-91 U-235 

2 o f 2  

0.0180 PCVL 
0.0122 PCI/L 
0.0119 PCVL 
0.0119 PCI/L 
0.0104 PCI/L 
0.0103 PCVL 
0.0089 PCI/L 
0.0079 PCI/L 

0.0070 PCllL 
0.0067 PCI/L 
0.0065 PCVL 
0.0061 PCVL 
0.0059 PCI/L 
0.0053 PCVL 
0.0037 PCI/L 
0.0036 PCI/L 
0.0034 PCVL 
0.0033 PCI/L 
0.0028 PCI/L 
0.0018 PCI/L 
0.0015 PCVL 
0.0013 PCI/L 
0.0013 PCVL 
0.0013 PCI/L 

’ 0.001 0 PCI/L 
0.0000 PCI/L 
0.0000 PCI/L 
0.0000 PCVL 
0.0000 PCVL 
0.0000 PCI/L 
0.0000 PCVL 
0.0000 PCln  
0.0000 PCI/L 
0.0000 PCI/L 
0.0000 PClL 

0.0077 PCVL . 

A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
A . ,  

A 
A 
A 
A 
V 
A 
A 
V 
A 
v 
A 
A 
v 
A 
v 
A 
A 
V 
v 
V 
A 
A 
A 
A 
A 

1 
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Results for 34 "real" samples were downloaded l)om RFEDS for plutonium-239/240, indicating 
that 6 sites were sample twice. No samples exceeded the detection limit of 0.03 pCi/g. No 
plutonium-239/240 sample results were validated as rejected results. A plutonium-239/240 value 
was determined acceptable for each sample collected at all 28 plots (100%). The lower plutonium 
value for the plots with two results should be excluded for the usable data set. 

Results for 34 "real" samples for americium-241wei6 provided from RFEDS, indicating that 6 plots 
were sampled twice. No samples exceed the detection limit of 0.02 pCi/g for americium, Six 
sample results were validated as rejected results. Acceptable results for americium-241 are 
available for 24 of the 28 plots sampled (86%). The rejected results and lower americium value for 
the plots with two results should be excluded for the usable data set. 

Results for 34 "real" samples for uranium-233/234, uranium-235, and uranium-238 were provided 
from RFEDS, indicating that 6 plots were sampled twice. No samples exceeded the detection limit 
of 0.3 pCi/g. No sample results were validated as rejected. Therefore, acceptable results for 
uranium isotopes are available for 28 of the 28 plots sampled (100%). The lower uranium value 
for the plots with two results should be excluded for the usable data set. 

TM5 proposed the collection of surface soil samples at 28 plots for radiochemical analyses to 
include plutonium-239/240, americium-241, uranium-233/234, -235, and -238 for a total of 140 
sample results. Validated data was provided for a total of 136 samples for 97% completion. TM5 
states that the target completeness objective for both field and analytical data for this project are 
90%. 

4.3.1.2 QC SAMPLES 

Overall, 95% of the required QA/QC analyses provided acceptable results. 

L 

A total of 4 duplicates were collected and analyzed'for plutonium-239/240, americium 24, and 
uranium isotopes in support of the sampling program. These.samples met the frequency 
requirements of 1 in 20 as required by the QNQC section of TM5. Of thd samples analyzed for 
plutonium-239/240, no analyses exceeded the detection limit of 0.03 pCi/g and no plutonium- 
2391240 sample results were validated as rejected. The samples were analyzed for americium, 
no analyses exceed the detection limit of 0.02 pCi/g. However, three samples were validated as 
rejected. These samples were not utilized in the calculation of the RPD. 

I 

I 
I 

Four (4) duplicate samples were submitted to the laboratories for the analysis of uranium 
isotopes, this frequency meets the requirements of the QAA. However, one of the sample results 
were validated as rejected for all uranium isotopes analyzed. 'Overall with 24 plots being sampled, 
the QAA requires the collection of 2 duplicate samples for a total of 10 analyses (Pu, Am, U- 
isotopes). Thirteen results were acceptable for a +100% completion percentage. 

With 28 plots being sampled, the QAA requires the collection of 2 duplicate samples for a total of 
10 analyses. Fifteen results were acceptable for +loo% completion percentage. 

A total of 2 rinsate samples were required to be collected and analyzed for a total of 10 analyses. 
One americium result was validated as rejected. Nine results were considered acceptable for this 
sampling program. Therefore, a total of 190% of the required rinsate data was completed. 



4.3.2 OU-2 PHASE II RFVRI SURFACE SOIL DATA 

1 4.3.2..1 CDH Samplinq Method 

The data was downloaded from the RFEDS and was determined to be 98.7 percent validated 
prior to evaluating for usability according to this procedure. Seventy-five results were validated as 
rejected and were excluded as usable data. 

* 

4.3.2.1.1 Real Samples 

The OU2 Work Plan proposed the collection of surface soil samples at 124 plots for radiochemical 
analyses to include plutonium-239/240, americium-241, uranium-233/234, -235, and -238 for a 
total of 620 sample results. Validated data was provided for a total of 585 samples for 94% 
completion overall. The OU2 QAA states that the target completeness objective for both field and 
analytical data for this project are 90%. 

A total of 118 surface soil samples were collected at 118 of the proposed 124 plots for 
radiochemical analyses to include plutonium-239/240, americium-241, uranium-233/234, -235, 
and -238. 

Results for 140 "real" samples were downloaded from RFEDS for plutonium-239/240, indicating 
that 22 samples were reanalyzed. Twelve samples exceeded the detection limit of 0.03 pCi/g. 
However all results of these samples were above the detection limit and are consider acceptable 
for the determination of spatial extent of contamination. Eleven plutonium-239/240 sample results 
were validated as rejected results, however, these samples were reanalyzed and results were 
validated. A plutonium-2391240 value was determined acceptable for each sample collected at all 
1 18 plots (1 00% complete). 

Results for 140 "real" samplzs for americium-241were provided from RFEDS, indicating that 22 
samples were reanalyzed. Fifteen (1 5) samples exceed the detection limit of 0.02 pCi/g for 
americium. These sample results were above the detection limits and are considered acceptable. 
Twelve sample results were'validated as rejected results, however 1 1 of the samples were 
reanalyzed and results were validated. Sample SSOOO45WCU2 for Plot PT081 was validated as 
rejected and was not reanalyzed. Therefore, acceptable results for americium-241 are available 
for 117 of the 118 plots sampled (99% complete). 

Results for 142 "real" samples for uranium-233/234 were provided from RFEDS, indicating that 24 
samples were reanalyzed. One samples exceeded the detection limit of 0.3 pCi/g. The result was 
higher than the detection limit but the result was validated as rejected. A total of 12 uranium- 
2331234 sample results were validated as rejected, however, eleven were reanalyzed and the 
results were acceptable. Sample SSOOO28WCU2 at Plot PT100 was validated as rejected and 
not reanalyzed. Therefore, acceptable results for uranium-233/234 are available for 117 of the 
11 8 plots sampled (99% complete). 

Results for 144 "real" samples for uranium-235 were provided from RFEDS, indicating that 26 
samples were reanalyzed. Twelve samples exceed the detection limit of 0.3 pCi/g for uranium- 
235, however, eleven of these samples were reanalyzed and the results were acceptable. 
Sample SSOOO28WCU2 at Plot PTlOO was validated as rejected and not reanalyzed. Therefore, 
acceptable results for uranium-235 are available for 117 of the 118 plots sampled (99% 
complete). 

Results for 144 'real" samples for uranium-238 were provided from RFEDS, indicating that 26 



samples were reanalyzed. No samples exceed the detection limit of 0.3 pCi/g. One sample 
SSOOO28WCU2 at Plot PT100 was validated as rejected and not reanalyzed. Therefore, 
acceptable results for uranium-238 are available for 117 of the 118 plots sampled (99% 
complete). 

4.3.2.1.2 QC SamDles 

General results for precision compliance are discussed in Section 4.1, while rinsate compliance is 
discussed in Section 4.2. Overall, 77% of the required QNQC analyses provided acceptable 
results. 

A total of 7 duplicates were collected and analyzed for plutonium-2391240 and americium 241 in 
support of the CDH sampling program. These samples met the frequency requirements of 1 in 
20 as required by the QAA. Of the samples analyzed for plutonium-239/240, no samples 
exceeded the detection limit of 0.03 pCi1g. Two plutonium-2391240 sample results were validated 
as rejected results and reanalyzed at a different laboratory with results being validated. The 7 
samples were also analyzed for americium, no sample results exceed the detection limit of 0.02 
pCi/g. Two sample results were validated as rejected results and reanalyzed with results being 
acceptable. 

Six (6) duplicate samples were submitted to the laboratories for the analysis of uranium isotopes, 
this frequency meets the requirements of the QAA. However, two of the sample results were 
validated as rejected for all radionuclides analyzed. These two samples were reanalyzed at a 
different laboratory with'results being validated. With 11 8 plots being sampled, the QAA requires 
the collection of 6 duplicate samples for a total of 30 analyses. Twenty-six results were 
acceptable for a 86% completion percentage. 

With 11 8 plots'being sampled, the QAA requires the collection of 6 duplicate samples for a total of 
30 analyses. Twenty-six results were acceptable for a 86% completion percentage. 

A total of 7 rinsates were collected and analyzed for plutonium-2391240 and americium 241 in 
support of the CDH sampling program. These samples met the frequency requirements of 1 in 
20 for rinsate samples as required by the QAA. Of the samples analyzed for plutonium-2391240, 
no samples exceeded the detection limit of 0.03 pCi1g or were rejected. Samples analyzed for 
americium-241 did not exceed the detection limit of 0.02 pCi/g or were rejected. 

Only 2 rinsates samples were analyzed for uranium-2331234, -235, and -238. This frequency did 
not meet the requirements of 1 in 20 for rinsate samples in the QAA. Two analyses for each 
uranium-isotope was performed All analytical results for the isotopes were validated as rejected 
for the first analyses. The samples were reanalyzed with results being validated. 

L Of the 118 plots proposed for sampling 6 rinsate samples are required to be collected. Of the 6 
samples determination of plutonium-2391240, americium 241, uranium-2331234, -235, and -238 
were to be performed for a total of thirty analyses. Analytical results for rinsate samples were 
acceptable for 18 samples for a completion of 60 percent. 

4.3.2.2 RFP SamDlincl Method 

Data downloaded from the RFEDS were determined to be 80 percent validated prior to evaluating 
for usability according to this procedure. The Phase II RFIIRI Report states that 118 plots were 
sampled and analyzed; RFEDS provided data for only 106 plots. Uranium isotopes were not 
analyzed for samples collected utilizing the RFP sampling method. 



4.3.2.2.1 Real Samples 

The OU2 RFI/RI does not state the decision driving the investigation. Based on the subsequent 
documentation the data was generated to compare RFP sampling technique with the CDH 
sampling technique. Using these assumptions 103 plots provided plutonium-239/240 results 
which are usable out of 1 18 plots proposed for sampling in support of this program. Sample 
results validated as rejected have been excluded. This represents 87% of the plots proposed for 
sampling (1 18) provided useful data for the sampling comparison study. 
A total of 236 samples were analyzed for this sampling program. Thirty-three results were 
validated as rejected and are not usable. Therefore, a total of 89% of the data is considered 
usable. Overall, 83% of the RFP sampling method data proposed to be collected for the 
comparability study were validated. The OU2 QAA states that the target completeness objective 
for both field and analytical data for this project are 90%. 

Plutonium-239/240 data was available from 106 plots, Plot 28 was resampled, therefore, 107 
samples were provided to the laboratory for analysis. A total of 114 plutonium-241 analyses were 
performed on these samples. Seven samples were reanalyzed. Analyses of 32 plutonium- 
239/240 samples exceeded the detection limit of 0.03 pCi/g. However, all results of these 
samples were above the detection limit and are considered usable for the determination of spatial 
extent of contamination, with the exception of 4 which were validated as rejected. Four plutonium- 
239/240 sample results, previously mentioned, were validated as rejected results. Data from 103 
plots were determined to be validated of the 107 plots in which data was evaluated. However 118 
plots were to be evaluated therefore, 87% of proposed plots generated americium-241 data which 
was validated. 

Americium data was available from 106 plots, Plot 28 was resampled, therefore 107 samples 
were provided to the laboratory for analysis. A total of 174 americium-241 analyses were 
performed on these samples. It appears that 72 samples were reanalyzed. Thirty-two samples 
exceed the detection limit of 0.02 pCi/g for americium. Fourteen of these sample results were 
above the detection limits and are considered usable. Twenty-nine sample results were validated 
as rejected results. Results for 135 analyses were validated from 92 plots. Numerous plots had 
multiple americium-241 "real" results because of sample reanalysis or two separate laboratories 
performing analyses on the same sample. The lower result value was excluded from the. 
database leaving one (the highest) americium-241 value for each plot. Ninety-two plots have 
americium-241 results of the 107 plots in which data was evaluated. With an original objective of 
118 plots, 78% of proposed plots generated usable americium-241 data. 

4.3.2.2.2 QC Samples 

A total of 11 duplicates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the RFP sampling program. These samples met the frequency requirements of 1 in 20 
as required by the QAA. Of the samples analsed for plutonium-2391240, two samples exceeded 
the detection limit of 0.03 pCi/g. Two samples exceeded the detection limit of 0.02 pCVg for 
americium. No results were validated as rejected, therefore, a total of 100% of the duplicate 
sample result data is considered usable. 

A total of 8 rinsates were collected and analyzed for plutonium-2391240 and americium 241 in 
support of the RFP sampling program's 118 locations. These samples met the frequency 
requirements of 1 in 20 for rinsate samples 
plutonium-2391240, no samples exceeded 
Samples were collected and analyzed for a 

tfie QACL- Of the samples analyzed for 
mit of 0.03 pCVg or were rejected. 



. I  limit of 0.02 pCi/g or wererejected. 

Of the 1 18 plots proposed for sampling 6 rinsate samples are required to be collected. Of the 6 
samples plutonium-239/240 and americium 241 were planned for a total of twelve analyses. 
Analytical results for rinsate samples were acceptable for 16 analyses for a completion of 100 
percent. 

4.3.3 SOIL PROFILE DATA 

Data were determined to be 97 percent validated. The Phase II RFI/RI Report states that 26 plots 
were sampled and analyzed, RFEDS provided data for only 25 plots. Samples from Trench 6 
exceeded limitations for transporting to an offsite lab and therefore were not evaluated. 

4.3.3.1 Real Samples 

Overall, 921 sample results provided acceptable data out of 1,300 proposed (5 analyses x 260 
samples) analyses for a 71 % completion. 

Plutonium-239/240 data was available from 25 trenches with 258 samples. A total of 296 
plutonium-239/240 analyses were performed on these samples. Forty samples were reanalyzed. 
Analyses of 15 plutonium-239/240 samples exceeded the detection limit of 0.03 pCi/g of which 6 
of the sample results were validated as rejected. However, results of the remaining samples were 
above the detection limit and were acceptable. A total of 73 results were validated as rejected. 
Plutonium-239/240 data from 224 samples were determined to be validated at 24 of the 26 
trenches in which data was evaluated. Based on 10 samples proposed at each of the 26 trenches, 
86% (224/260) of the plutonium-239/240 data was validated and useable. 

Americium-241 data was available from 25 plots with 257 samples. A total of 301 americium-241 
analyses were performed on these samples. Approximate:j 44 samples were reanalyzed. Forty- 
two samples exceeded the detection limit of 0.02 pCi/g for americium and 38 of these were 
rejected, leaving four results above detection limits and considered usable. A total of one- 
hundred- nine americium samples results were validated ad rejected. Results for 184 analyses 
were validated from 21 trenches. Seventyihe percent (184/260) of the americium data was 
evaluated as acceptable. 

Uranium-233R34 data was available from 25 plots with 258 samples. A total of 268 uranium- 
233/234 analyses were performed on these samples. Approximately 10 samples were 
reanalyzed. Eighteen samples exceeded the detection limit of 0.3 pCi/g of which all these results 
were rejected. A total of ninety uranium-233R34 samples results were validated as rejected. 
Results for 171 analyses were validated from 17 trenches. Skxty-six percent (171R60) of the 
uranium233R34 data was evaluated as acceptable. 

. Uranium-235 data was available from 25 plots with 258 samples. A total of 268 uranium-235 
analyses were performed on these samples. Approximately 10 samples were reanalyzed. Four 
samples exceeded the detection limit of 0.3 pCig of which all these results were rejected. A total 
of ninety-five uranium-235 samples results were validated as rejected. Results for 171 analyses 
were validated from 17 trenches. Sixty-six percent (1 71R60) of the uranium235 data was 

' evaluated as acceptable. 
. .  . .  . 
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rejected. A total of ninety-seven uranium-238 samples results were validated as rejected. Results 
for 171 analyses were validated from 17 trenches. Sixty-six percent (171/260) of the uranium-238 
data was evaluated as acceptable. 

4.3.3.2 QC Samples 

Based on the number of samples collected (268) to meet the one in twenty frequency, fourteen 
samples should have been collected for each analytical method. Five analyses were to be 
performed on each duplicate for a total of 70 analyses. The evaluation indicates that results from 
41 analyses provided acceptable results for 59% (41/70) completion factor. 

Ten duplicate samples were collected in support of the trench project. These samples did not met 
the frequency requirements of 1 in 20 as required by the QAA. Eleven analyses were performed 
for plutonium-2391240. Of the samples analyzed for plutonium-2391240, no analyses exceeded 
the detection limit of 0.03 pCi/g. Two plutonium-239/240 QNQC sample results were validated as 
rejected results, one sample was reanalyzed and the results were validated. Nine samples 
provided acceptable results. 

Twelve analyses were performed for americium-241, two samples exceeded the detection limit of 
0.02 pCi/g and were validated as rejected. A total of 4 sample results were validated as rejected, 
one sample was reanalyzed with acceptable results. Eight samples provided acceptable results. 

Eleven analyses were performed for uranium-2331234, no samples exceeded the detection limit of 
0.3 pCig. A total of 3 sample results were validated as rejected, one sample was reanalyzed 
with acceptable results. Eight samples provided acceptable results. 

s Eleven analyses were performed for uranium-235, one sample exceeded the detection limit of 0.3 
pCi/g and was validated as rejected. A total of 3 sample results were validated as rejected. Eight 
samples provided acceptable results. 

Eleven analyses were performed for uranium-238, no samples exceeded the detection limit of 0.3 
pCi/g. A total of 3 sample results were validated as rejected. Eight samples provided acceptable 
results. 

Overall, 75 rinsate analyses provided acceptable results, 14 samples and 70 analyses were 
required to meet the 1 in 20 frequency. Rinsate results were 100% complete. 

A total of-23 rinsates were collected and analyzed for plutonium-239/240, americium 241 and 
uranium isotopes in support of the trench sampling program. These samples met the frequency 
requirements of 1 in 20 for rinsate samples as required by the QAA. Of the samples analyzed for 
plutonium-239/240, four samples exceeded the detection limit of 0.03 pCi/g, of which two were 
validated as rejected. A total of three samples results were validated as rejected. One sample 
result which was not validated had a result lower than the detection limit and was excluded from 
the evaluation. Analyses of nineteen samples provided acceptable results 

Samples were collected and analyzed for ameriaum-241; nine samples exceed the detection limit 
of 0.02 pCig of which three were validated as rejected. These were the only sample results 
validated as rejected. Analyses of twenty samples provided acceptable results for americium-241. 

Twenty-three samples were 
, . . . Three ambles ., exceeded .; ..' . .the: 
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Samples were collected and analyzed were for uranium-238, three samples exceed the detection 
limit of 0.3 pCi/g of which none were validated as rejected. A total of six results were validated as 
rejected, providing seventeen sample results which were acceptable. 

4.4 REPRESENTATIVENESS 

In general, samples are representative of the media requested in the original work plans, based 
on work plan compliance and compliance with required sampling protocols (Le., standard 
operating procedures {SOPS}). Adherence to procedures was verified by several QA 
surveillances in the field. 

4.4.1 OU-1 PHASE Ill RFI/RI SURFICIAL SOIL DATA 

Twenty-eighth plots were identified in TM5 for sampling. A total of 34 samples were collected 
from 28 plots for a total of 100% of the locations being sampled. 

Representativeness of OU1 Phase 111 Sampling Results 

RA032, RA033, and RA037 
were sampled twice. 

4.4.2 OU-2 PHASE I 1  RFI/RI DATA 

One hundred-twenty four plots were identified in the OU2 Work Plan for sampling. A total of 118 
plots were sampled utilizing the CDH method for a total of 95% of the locations being sampled. 

RFP samples were collected at each plot a CDH sample was collected for a total of 118 samples. 
Only data from 106 plots were obtained from RFEDs. The analytical results from the remaining 
12 plots could not be located in RFEDS. 

Representativeness of CDH Sampling Method Results 

Radionuclides 
sampled because they were in 
area  covered with asphalt. 

Plots 7, 14,27, and 18 were 
not sampled because they m 
located in &e PA fhce and 
soils ale highly ( l i smkd  
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program following 
implementation of field 
program. 

One hundred-eighteen plots were sampled by CDH methods and were to be sampled by RFP 
methods. Data for 106 plots were located and evaluated for a total of 90% of the plots being 
evaluated. 

Soil samples were collected at each of the 26 trenches. Samples collected from Trench 6 exceed 
DOT shipping restrictions and were not analyzed. 

Representativeness of RFP Sampling Method Results 

RFP samples were collected at all 
locations CDH samples were 
collected. Only results from 106 
plots could be located for this 
evaluation 

* The collection of RFP method samples were not included in the OU2 Work Plan. 

4.4.3 SOIL PROFILE DATA 

Representativeness of OU2 Phase II Trench Results 

Trench samples were collected at 
all locations. However, Trench 6 
samples exceed DOT shipping 
restrictions and could not be sent 
off site for analyses. 



I 4.5 COMPARABILITY 

Based on radiochemical methods used and cited, radiochemical values of the samples between 
the projects are comparable. However, the areal extent that is represented by each sample result 
may not be comparable, and must be evaluated on a location-by-location basis relative to the 
remediation area and "working" soil-volumes of interest. 

5.0 CONCLUSIONS 

Although several DQOs specific to the original work plans were not met with respect to several of 
the PARCC parameters, fundamental quality controls on the radiochemistry data were adequate 
to allow use of the data within the context of their representative threedimensional locations, and 
with respect to current RFCA action levels (Tier I or 11). 

The OU1 Phase II surface soil program employed systematic composite sampling techniques at 
the center of a randomly selected 50 x 100 feet plots. This method involved the collection of 10 
grab samples and mixing them together and analyzing a subsample for the composite. A physical 
averaging process took place so that subsamples represent the average concentration of the 
original grab samples. Therefore, the sample results represents some average activity over the 
area sampled. The sample results do not measure variability of extreme concentrations (e.g., hot 
spots). 

The CDH sampling method employed systematic composite sampling techniques over entire plots 
sampled on either 2.5 or 10 acre areas. These methods involved the collection of 25 grab 
subsamples and mixing them together and analyzing a portion the composite. A physical 
averaging process took place so that subsamples represent some average concentration of the 
original grab samples. Therefore, sample results represent some average activity over the 
sampled plot. The sample results do not measure variability of extreme concentrations over the 
subsampled area. 

The RFP sampling method employed systematicsomposite sampling techniques at the center of 
each plot previously sampled tfy the CDH sampling method. This method involved the collection 
of 10 grab samples from two separate square meter areas separated by one square meter. The 
grab subsamples were mixed together and a portion was collected for the composite sample 
finally analyzed. A physical averaging process took place so that a physical average 
concentration of the original grab samples was measured. Therefore, the sample results only 
represent an average activity over the sampled area. 

The OU2 Trench sampling method employed compsite sampling techniques at several depths 
within a trench. This method involved the collection of 3 grab samples from the same depth of the 
trench. The grab samples were mixed together and a subsample was collected for the composite. 
A physical averaging process takes place so the subsamples represent the average 
concentration of the original grab samples. Thmfore, the sample results represents an average 
activity over the sampled depth, at the specific trench location. 

Samples were collected at all 26 trench locations and analyses from 25 locations were provided 
by RFEDS. Samples collected from trench 6 were not analyzed because sample activity 
exceeded routine DOT shipping requirements. The analyses of samples pmvided an adequate 
number of acceptable data for 2 90% completion. The data were of,suftident quality to meet 
completion requirements ofthe OUl Phase 111 RFllRl DQOs. .. . .. . . .  
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A p r i l  1 4 ,  1970 
I .  . 

E. A.  Puczicr  

903 OIL DRUM STORACE AREA 

A b r i e f  h i s to ry  o f  the disposal of o i l  drums from the'5Og Area Is 
described below: , , .. 

1 .  

2. 

3 -  

4. 

5 .  

6 .  

7. 

8. 

9 .  

Work to  remove o i  1 fram the 903 Area began January 23, 1967, 
under the supervision of 0. M. Andorson, H. E. Maar, and 
R. H. Vogcl. 

0 

From January 23, 1967, through tlarch 10, 1967, uranium 
o i l  drums which were i n  good condit ion were transferred 
t o  'Ouilding 774 and processed. 

Bui lding 903 went Iioc on Harch IO, 1967, and started 
processing o i l  drums. This bu i ld ing was designed co 
p r c f i l  t a r  the oil p r i o r  to  wansforring plutonium 
contaminated oi I t o  Bui lding 774 for f i n a l  processing. 

From March I O ,  1967, through Hay l a ,  1967, there were 
a tocal of 191 drums of plutonium concaminated oi l  
f i 1 tcred and shipped to  Bui ldlng 774. 

On Hay 18, 1967, operations a t  Bui ld ing 903 were discontinued 
due co cha.anount of time th i s  process was taking. 

Drum-to-drum transfer in the Fie ld  Vugan Hay l a ,  1967, and 
.tha drums sh ipped  f o  Building 774 without p r i o r  f i l t r a t i o n  
i n  Bui ld lng 903. 

From Haarch 17, 1967, through Hay 10. 1967, in addlt ian to 
the plutonlura transfers tharo were 297 drums of  uranium 
contaminated Alk-Trf waste rhippsd to Sui ldIng 774 and 

May IO, 1967, through Hay 28, 1968, a t o t a l  o f  4,826 drums. 
contalnlng 50 gal Ions of o i  1 each were sent t o  Bul lding 774 
and processed. 

procasscd. 

toea 
sent 

4 

I 

:.. 
1. 

I i  
In  addi t ion t o  the oil storage area drums, there were a 

o f  650 d m  from OuIldlng 776 currcnt geaerrtlon 
A pipe l l n c  installed 

1 

to  Building 774 for processing. 

(  
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from au i l d ing  776 t o  Ouilding 774 el tmlnated th f s  
addl t l o n a l  o i  1 drum generation. 

10. During tha t rans fer  oparotionr, i t  was noted tha t  a t  
thc bottom of  all drums a dcpori t o f  sludge remained 
a f t e r  rcmoval o f  thc o i l .  
from I / Z  inch t o  3 inches and averagcd approximately 
I inch. By drum counfcr rcsul ts  the sludge w i t h i n  
the unpty drums contained a t o ta l  o f  S,152 grams of  
plutonium. These empty drums were l a t e r  disposed o f  
by adding O i l  D r y  and HicroCcl t o  absorb the sludge. 
The drums containing the plutonlum r ludga and absor- 
bent wera then Incased i n  p las t i c .  placed fn boxes, 
and shlppcd t o  the b u r i a l  grounds. 

The t o t a l  number o f  drums o r i g i n a l l y  in  the f i e l d  
numbered 5,237. Af te r  transfer o f  contents, 4,826 
drums were transported t o  Building 774 o f  which 
3,572 cont r incd  plutonium contaminated o i  1.  

T h i s  sludge var ied  in  depth 

1 1 .  

12. Taking the to ta l  number o f  5,237 drums minus 4,826 
drums, conta in ing 50 gallons each, which were rent  
to 0u i l d fng  774 leaves 411 drums to be accounted for.  
The best  explanation for the 411 drums and the volume 
contafnad w i t h i n  each Pol lows: 

* A. A l l  of tha drums sent t o  the o i  I 
rcoragc f l c l d  o r i g i n a l l y  were not  
completely f u l  I .  

Volume taken up by tha sludge which 
wds discarded w i t h  the cmpty barre ls .  

8. 

C. Leakage out o f  the barrels and into  .- the ground w i t h i n  the storage area. 

13. To the  best of everyone's memory and knowledge, a t o t a l  
of epproximatcly 100 barrels containing 50 gallons each 
or 5,000 gal Ions of  o i l  leaked- out of the drums and was 
absorbed into the s o i l  w i t h i n  the fenced area. 

The overage of a11 oil samples taken from the plutonium 
cont imtnr tad o i l  barrels was rpproxtimaccly 5 x 10'' grams 
of plutonium per '  I f t a r  of o i l .  This number i s  backed up 
by the lottcr from n. E. Haas dated September 24, 1968, 
t h a t  shows a t o t a l  of 3,065 srmr of plutonium wh ich  was 
accounted for dur ing tho process of the contuairirtcd oi 1. 

14. 
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Thcrc wcrc 594 grams salvagcd from f i l t e r s  out o f  
.Oui ld ing 703 and accountcd for from organ ic  l i q u i d  
s o l i d i f i c a t i o n  proccsring i n  Oui ld ing 774 were 
2,1171 grams t o t a l i n g  3,065 grams. Thcrefora, taking 
thc 3,572 drums o f  plutonium which wcre processed a t  
50 gal Ions tach we gct a to ta l  of 178,600 gal Ions 
o r  675,108 l i t e r s  of o i l .  Oividc t h i s  number 
of 675,108 Iltcrs i n t o  3,065 grams and wa get 
4.54 x IO-’ grans per  l i t e r .  

Using 4.54 x IO-’ grams pcr l i t e r  in conjunct ion ’ 
w i t h  the estimated 5,000 gallons of o i l  t ha t  rcmains 
undcr the asphalt we w i l l  get (5,000 gal lons o r  

15. ’ 

10,900 l i t e r s  x 4.54 x IO” grams per l i t e r )  - 
85.81 grams of  plutonium (This i s  tha mount  of 
plutonium remaining undcr the asphalt pad.). 

16. HJY 28, 1561, through June 11, 1968, the remain 
drums and wooden p a l l e t s  were placed I n t o  w a s t e  
and shipped. 

ng ~ P C Y  
boxes 

17. In  July,  1968, a survey o f  the plutonium contam nat ion  
on the surface o f  the s o i l  in the 903 Area wds completed. 
The ratulrs of the survey and the Health Physics 
racommcndrtlon for  containment o f  the contamination 
were sent t o  O iv i r i an  Serviccs, Hanufacturlng and 
F a c i l l t i c s .  

18. I n  October, 1968, weeds and vegetat ion were burned o f f  

No airborne 
the 903 contaminated bar re l  storage area preparatory 
t o  applylng an asphalt cap ovcr the area. 
contamination problems wcre encountered. 

19. In November, 1968, grading o u t r i d e X h e  h o t  fence aced 
’‘was s ta r ted  i n  preparacfon to applylng an asphalt cap 

over thc a r m .  This work conslstcd of movlng slfghcly . 
contaminated soil t o  the fenced area. 

20. In l a t a  Novaxber, 1368, the s i x  contaminated holding tanks 
outsIda Bui ldIng 903 were disconnected m d  crated for 
shlpmcnt to hot waste. 

21. O n  Oecanbar 17, 3968, E. Nathewr, USAEC ALO Operational 
Sdfaty Oivision, v f s i t e d  Rocky F la ts .  
h i s  v i s i t  was to  discuss thc h is to ry  and corrective 
actions for the 903 Area. H c  also l nd fca tcd  an I n te res t  
In. the drwr storage arc? cast o f  the n i t t r t r  ponds. 

The purpose Of 

f . .  
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22. On January IS, 1969, the ho t  fence was .. .zed i n t o  tk 
. ho t  wastc baxcs and shipped. 

23. On Fcbruary'lS, 1969, thraa more wasto boxer wera shipped 
from the 903 Area containing Type 5 L\SA waste. 

Tho two fork l i f t s  which were h igh ly  contaminated dur ing  
the oi l  drum rcmval wcrc placed I n t o  wooden crates and 
shipped to  hot wilsec on & P i  I 1, 1969. 

During May, 1969, a t o t a l  of 33 drums of contaminated 
rocks wbrc removed from the 903 Area and discarded as 

24. 

25. 

a hot. waste. ' i  

26. 

. .. . .  . .  . .. C . .  . . % . .  31 . .  - .  

.= 
. 32. 

-3 - 
34 

'In Hay, 1969, Bui ld ing 904 was decontaminated and 
removed t o  a locat lon east o f  the F i  re  Barn t o  accomodata 
drybox flemmabi I i t y  studies. 

I n  Hay,  1969, the road grader used t o  move contaminated 
s o i l  and rocks outside o f  the 903 fenced area was decontam- 
inated and released to  surplus. 

In  July, 1969, Bui ld ing 903 was moved t o  a loca t lon  
immediately east  of  But ld ing  666. 

On Ju l y  23, 1969, the f i r s t  course'of f I l l ' w a s  applied t o  
the 903 Area. 

. .  

The base course material overlay, the roi I s t e r i  lan t ,  and 
t h e  asphalt prime coat fo r  the 903 contamination b a r r i e r  
were completed on September 24, 1969. 

During October, 1969, the asphalt was applied. The four - 
sample wells around the 903 Area w9re completed on 
November 1.1, 1967. 

Sta r t i ng  February 23, *1970, operations were s tar ted  to apply 
add f t l on r l  fill over the surrounding area d i r e c t l y  east of . 
903 due to s o i l  contamination. 

Addl t ional  roil f i l l  operations were canpleted on 
Harch 4, 1970. 

As of  A p r i l  3,  1970, no water has been detacted in the wells. 
L 
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Activity AM-241 in Surface Soils 

1990 In Situ HPGe Survey 

Figure 3-5 
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